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1. INTRODUCTION.

1.1 In Telephony I, relays were introduced and some of the methods used for introducing time

lags into the operation and release of relays have been discussed in Telephony II.

The

vast majority of relays used in telephony function electromagnetically, but it might be

noted at this stage that other principles may be used.

The thermionic valve is a relay

in the general sense of the word, and has the exclusive advantage of a zero time lag.
The thermostat relay is used for special applications and will be described leter in

this Paper.

In fact, any of the effects of an electric current or potential difference

could be used to relay changes of current or potential from one circuit to another.

1.2 This Paper deals with details of construction and characteristics of the more common

types of relays in use in the Commonwealth,

Relays for telephone working operate on

comparatively small values of power and have many special requirements, the main ones

being listed below -

(1)
(i)
(iii)
(iv)
(v)
(vi)
(vii)

Sensitive,
Reliable.
Small in size.
Inexpensive,

Easy to adjust and maintain.
Free from dust trouble,
Immune from effects of external fields,
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2., EARLY MANUAL TYPES.

2.1 Many types of relays have been used in early Manual exchanges, and the fact that many of
these are still functioning indicates that the design of the relays, although crude by
present-day standards, was fundamentally sound.

2,2 Knife~-Edge Relay., (Fig. l1.) This type has a gravity controlled type armature. The
magnetic circuit is completed between the core and the armature by a soft-iron "yoke".
The armature has a bevel on the lower edge which rests in a groove at the front end of
the yoke., A contact is placed at the top edge of
the armature, giving adequate clearance between
contacts with a short stroke, consequently the
sensitivity of the relay is quite good. The
distance between core and armature, when the
armature is operated, is adjusted by means of the
screw contact on the armature, and the position of
rest is determined by an adjustable stop screw.
When this type of relay carries speech currents,
KNIFE-EDGE RELAY, a screw-on individual dust cover is provided which
FIC. 1. also serves as an electrostatic shield preventing
=== crosstalk between adjacent relays. An example of
this application is in the cord circuit supervisory relays of a C.B. No. 1 exchange.,
In these exchanges, this type of relay is often used as a line relay and individual
covers are not required. Strips of ten line relays and their associated cut-off relays
are protected with a common dust cover., A disadvantage of this type of relay is that
it is not possible to mount more than one pair of contacts on it,.

2.3 Multi-Contact Relays. A cut-off relay carrying two pairs of breask contacts is shown
in Fig. 2. The armature is loosely suspended by means of a flexible spring underneath
two L-shaped extensions of the core, and operates the nickel-silver moving springs by
means of short ebonite pips. An adjustable back-stop screw is provided, Three "piles"
of contact springs may be mounted side by side on this type of relay.

FLEXIBLE

MOVING

L' SHAPED
EXT.

A
CUT-OFF RELAY., FLAT TYPE RELAY.

FIG, 2. FIiG. 3.

2.4 Flat Type Relays. This type of relay is shown in Fig. 3 and is representative of modern
manual type relays. It is a "minor" relay, that is, it has no special facilities, but
is economical in mounting space and in cost,.

The armature is U-shaped, and is hinged on flat springs at the heel end of the relay.
The core is flat in cross-section, and this is not so economical as a round section as
regards the length of wire per turn of winding. However, it allows the parts to be
pressed out, reducing manufacturing costs. An individual cover is provided to prevent
interaction between adjacent relays.

2.5 The megnetic circuit of the multi-contact type relay, previously described, is not as
efficient as the knife-edge type because of the comparatively large air-gap at the
hinge end of the armeture, and development in relay design has tended towards
eliminating air-gaps while still retaining the spring type of contacts. The L-shaped
armature achieves this object and this type of construction has been used almost
exclusively for Automatic telephony. Detailed descriptions of the various types are
given below. / 3.
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3. HORIZONTAL SWITCH TYPE (STROWGER TYPE).

3.1 Fig. 4 shows the details of construction of a typical relay of this type. They were
manufactured by various companies and used extensively in Automatic exchanges of the
Strowger Type.

ARMATURE SPRING -~ SET
LEVER
— ARMATURE

BACK STOP

RECREW E COIL TAGS
SCREW
ARMATURE
BEARING
PHOSPHOR — BXIIACKET ;oxg

BRONZE
BEARING PIN

FIXED SPRING
BACKSTOP

MOVING SPRING

HORIZONTAL SWITCH TYPE RELAY,

FIG, 4.

3.2 The armature is pivoted on a phosphor-bronze pin, held by a brass bearing bracket
which is clemped to the iron yoke. This clamp is adjusted to give a minimum
clearance (1-1/2 mils) between the yoke and armature in its operated position, to
prevent mechanical binding of the armature. An adjustable brass residual screw and
lock-nut is fitted to the armature. The nickel-silver springs operated by the
armature lever, overhang the side of the yoke and this ellows the moving springs
to be coupled together by means of ebonite collets. A back-stop for the armature
is fastened at the base of the spring assembly, which is clamped together and
attached to the yoke by insulated screws,

3.3 The coil is wound on to the core between fibre end cheeks, empire cloth being used for
insulation and protection of the winding. There are a maximum of four coil tags,
RIGHT - HAND LEFT - HAND numbered as shown in Fig. 5. The first
MOUNTING MOUMTING winding is connected to tags a-b, and where
a second winding is provided it is wired to
AETTTT IT2T374r  c-d, On relays with balanced windings a

-—35— ob IIIl centre coil cheek is fitted and the winding
% :%) 2 M gc on the armature end is connected to a-=b.
il e : L

48582818 wm3pap  O.4 In all cases these relays ere mounted on
their sides so that dust will not settle on
SPRING AND (OIL NUMBERING (FROM REAR). the contacts. As the springs are usually
mounted in one pile on the upper side of the
FIG., 5. yoke, both left-hand and right-hand relay
assemblies are used on relay sets. Where the
number of contacts is large, a double armature may be used. These, however, take
up more mounting space than single arm types.

/ The



PAPER NO. 1. TELEPHONY III,
PAGE 4,

The maximum number of contacts that can be fitted is 11 per spring pile on a
left-hand relay and 14 per spring pile on a right-hand relay. This is because

the pairs of relays are mounted
eccentrically on the mounting
plate. Some relays are fitted
with guide posts to prevent the
fouling of springs when replacing
the cover.

The armature in common use on
ordinary fast relays has a ratio

of travel of the springs {measured

at the contacts) to the travel of

the armature (measured at the centre
of the core) of three to one. On slow
releasing relays, a 2:1 ratio

armature (Fig. 6) is used; the

STROWGER RELAY (2:1 ARMATURE). reduced leverage assisting the
armature to withstand the pressure
FIG, 6. of the springs during release.

4, SIEMENS AND B.G.E. AUTO. TYPES.

4,1 The relay shown in Fig. 7 was designed and introduced by Siemens Bros. and later used
by the B.G.E. Company. Details of construction are given in Fig. 8.

4,2 The L-shaped armature rests on a
machined knife-edge at the end of
the yoke. A notch in the centre of
the knife-edge engages with a small
pip on the inside of the V-bend in
the armature, and this prevents
lateral displacement of the armature.
Lifting of the armature is prevented
by a stud, passing through a hole in
the armature and screwed intc the
vertical face of the knife-edge.

The relays are generally mounted on
their side and in such cases a

SIEMENS RELAY, nickel-silver carriage, forming a
loosely fitting hinge over the
F1G., 7. armature, holds it in place.

4,3 A residual eir-gap may be provided by an adjustable brass screw and lock-nut, but
where the residual vglue is not critical, phosphor-bronze residual studs are riveted
on the inner face of the armature., Fixed residuals of 20 or 12 mils are provided by
a single stud, but if a gap as small as 4 mils is required, three residual studs are
considered necessary to ensure that the core and armature do not touch during
operation.

4,4 The cylindrical soft-iron core is a forced fit in the heelpiece of the yoke, and a
circular brass nut holds it rigidly in position, At the armature end of the core is
an enlarged pole face, and this reduces the reluctance of the armature air-gsp, so
improving the magnetic efficiency.

4,5 Relay coils are wound directly on to the core between bakelite cheeks. A maximum
of five coil tags may be provided, numbered as shown in Fig. 8. A single coil
is terminated on tags a-e, but where two coils are required the inner winding is

/ connected
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connected to a-b, the outer one to d-e. Where balanced windings are required, a
"sandwiched" winding is employed, as shown in Fig. 8. The centre winding is connected
to tags d-e in this case. In all cases the inner end of any winding is connected to the
left-hand tag, and usually painted red, indicating that the earthed positive pole of

the exchange battery should be connected to that side.

UUE MbB SPRINGASSEMBLY

ez 0P COMpIng plate. ey
)

[I [I [l,flwm’te bushes
W —Spring with contact TAT

Buffer

e < NSO

« L ing tag

Lifting pin @
L

Moyfl!ﬂgspm'ng Carriagel

TOP VIEW OF
ARMATURE
=

b
]

o 7

-
-
L = = ]
-
——mm

FRONT VIEW

SECTION OF DOUBLE-WOUND RELAY
(Sandwiched winding)

Clearance hole for lifting piny __ Contact

©oo [wid
MAKE DR BREAK SPRING
©.00 o=}

TWIN CONTAGT SPRING Steadying-|
= & pin

CONNECTING TAG

&——000 —4 L
CONNECTING TAG AND BUFFER REAR VIEW

SIEMENS AUTO RELAY ASSEMBLY.

FIG. 8.

4.6 Up to 18 springs may be mounted in three piles, which are each held together by two screws,
a third screw passing through into the yoke. Thus, a spring-set may be removed as a
whole simply by removing the centre screw., The first moving spring in each pile is
lifted directly by one of the three ebonite pips on the armature, & brass "lifting pin"
is provided, if necessary. A second spring-set above this is operated by a lifting pin
passing through holes in intermediate make and break springs, with an ebonite
insulating pip where the brass pin touches.,

4,7 Buffer springs are fitted parallel with certain contact springs and are extended to the
back of the relay to form substantial soldering tags. The contact springs are tensioned
against their buffer spring ensuring adequate contact pressure during operation. The
buffer springs also tend to reduce contact "bounce". However, they make it rather
difficult to adjust the contact springs.

4.8 On the Siemens type of relay, the iron parts are protected from rust by either nickel
plating subsequent to copper plating, or, alternatively "coslettising", which is a
chemical process producing a surface layer of phosphate or iron giving a dull, black
finish,
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5, 3,000 TYPE.

5.1 About the year 1932 the British Post 0ffice developed a standard telephone relay,
utilising many features of existing types, notably Siemens, as well as introducing
some entirely new features. ZXnown as the 3,000 type relay, the design was
subsequently adopted by the A.P.0O. as a standard major relay.

5.2 Fig. 9 shows the 3,000 type relay, and its component parts are depicted in Fig. 10.

The core is of soft iron, snd with its windings, can be withdrawn as a unit by
removing the coil nut. An enlarged pole face is fitted to the core. The windings are
terminated on tegs fixed to the bakelite rear coil cheek (see Fig. 9).

r 1 L
BUF FER ~ BLOCK.
FIXING SCREWS
UL BRI IHATLRTD N
! H) ” ]
l‘ Tef 11! 7 3 l“ Y, I
oS! PRSP o A :;~|H|H| :;"Y'III I. ég%:ﬁ}i‘dgﬁ
SPRING ~5ET SCREW
YOKE
COIL NUT
|_._sruo RESIDUAL
COIL TAG col BUFFER BLOCK ARMATURE
SIDE VIEW
BUFFER BLOCK
LTH
(== il
SPRING-SET — f
19628 o 4 8v9 ARTMATURE
i 26 6 U " n‘ géght‘v‘ma
25 0——o —0 !
g 4 55 ' """" :lm
22— o012 i abcde
21 ( 00000

COIL TAGS

NUMBERING OF SPRINGS
(FROM REAR)

(FROM REAR) COIL CHECK

STUD RESIDUAL

FRONT WiEW

THE 3,000 TYPE RELAY,.

FIG. 9.



TELEPHONY IIT. PAPER NO. 1.

PAGE 7.

A single winding is connected to tags a-e, and when two windings are used the inner
winding terminates on a-b, the outer winding on d-e. Sendwich winding is used for

balanced windings. A maximum of four windings can be provided on a coil, one side of
each winding being commoned in that case,

O T U

o BUFFER BLOCK
SPRING - SETS
104 eeetece L1 et
" ARMATURE RETAINING
— SCREW COl. NuT
| S

COlL

COoll. TAGS

3,000 TYPE RELAY PARTS.

F1G. 10.

The tag to which the inner end of a winding is connected is usually painted red, indicating
that it should be connected to earth side of the circuit. Apaert from various windings,
five types of coil are in normal use -

(i) Plain. This type of coil is fitted with a copper front cheek, and is used in most
cases, except when operating time is critical, The cheek acts as a small armature
end slug, and, while not considerably affecting the operating and releasing times,
minimises armature oscillation and consequent contact bounce.

(ii) Nickel-Iron Sleeved. These coils are fitted with three 12 mil split sleeves of nickel-
iron sheet (36 per cent. nickel) and are used where the maximum impedance to speech

currents is required. Both cheeks of the coils are of S.R.V.P. (synthetic resin
varnished paper) board.,

/ : / {iii)
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(ii1) Slugged.

TELEPHONY III.

As explained in Telephony II, coils with armature end or heel end slugs
are used where appreciable operate or release lags are reguired.
lengths of slugs are employed - 1/2 in., 1 in, and 1-1/2 ins.

Three standard
With the largest

slug, it is possible to obtain up to 100 mS operate lag, and 600 mS release lag
under favourable conditions.

(iv) Plain (with Bakelite Front Cheek).

with one of S.R.V.P. board.

In this eoil, the copper front cheek is replaced

It is used where the relay must be critically fast in

operation and where the slight slugging effect of the copper front cheek is
undesirable,

(v) Nickel-Iron.

Relays which must operate or release very fast (in the order of

5 mS) are fitted with a nickel-iron core, and the enlarged pole face is omitted.
Coil cheeks are both of S.R.V.P. board.

the winding and contact springs.

SKELETON OF 3,000 TYPE RELAY.,

FIG. 11.

5.3 The magnetic circuit may be seen clearly from Fig. 11, which shows a relay stripped of
All iron parts are protected ageinst rust by nickel

plating, and, as nickel is slightly
magnetic, this form of protection
introduces less reluctance into the
magnetic circuit than other methods. The
yoke is L-shaped and a machined knife-
edge is formed at its front extremity.

A close magnetic joint is effected
between the yoke and core, which are
clamped together by the coil nut. The
armature is of light construction to
minimise mechanical inertia and rides

on the yoke knife-edge, lateral
displacement being prevented by a
spring-loaded retaining screw, The
magnetic circuit is similar to that of
the Siemens relay, and is very efficient,
the majority of its reluctance being
concentrated in the armature-core air-gup.

Because of this, the 3,000 type relay is quite sensitive and heavy contact pressures

can be used.

{see Fig. 9).

NAME PICTURE OF DRAWING LETTER
SPRINGSET SYMBOL SYMBOL
MAKE =
—— DY/ L
CHANGE-OVER % ). c
s =X :
OVER _AL_

CONTACT SPRING UNITS.

FIG, 12.

5.4 The residual air-gap is normelly given by a phosphor-bronze stud riveted to the armature
These may have a nominal height of 4, 12 or 20 mils,

Where intermediate
values are required, or where adjustment
is required to meet timing or other tests,
an ad justable brass residual screw is
provided., For reliable performance, the
residual air-gap of this type of relay
should never be reduced below 4 mils.

5.5 Springs and Contacts. The springs
are of nickel-silver, and a maximum of
eighteen may be fitted, arranged in two
spring-sets. The loads on each spring-
set are adjusted to be as equal as
possible, and where there is only one
spring-set it is arranged on the left
side of the buffer block. Numbering of
springs is shown in Fig, 9.

There are four standard contact actions
employed and these are shown in Fig. 12.
Standard spring thickness is 14 mils, but
12 mil springs are used in some relays,
and in special cases thicker springs may
be used. Twin dome contacts are standard
and were first tested in the Siemens

/ type
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type relay. Experiments show that contact dust troubles are reduced to approximately

2 per cent. by changing to twin contacts. The springs are split for a distance to allow
each contact to function independently. Contact materials used will be dealt with later
in this Paper.

5.6 Buffer Block. An outstanding feature of the 3,000 type relay is the use of a buffer
block, serving to position the contact springs correctly, It is moulded from a white
synthetic material, and a number of steps are accurately formed which engage on small
lugs on the sides of make or breek springs, so limiting their travel. (See Fig. 1&.)

CHANGE-OVER * g
- ==

MAKE s I e

BREAK ¥ ; e
i e

UNOPERATED OPERATED
* Moving Spring.

BUFFER BLOCK METHOD OF SUPPORTING SPRINGS.

FIG. 13,

The make and break springs are adjusted to bear against their buffer block step with &
certain pressure, so that when the armature is operated or unoperated and the spring is
lifted clear of the block, the required contact pressure is automatically obtained. This
ensures a definite standard of contact pressure, and is an important point, as it has
been proved that where low pressures are used fault liability is greatly increased. The
white surface of the buffer block facilitates adjustment of the relay by providing a
light coloured background against which the contacts stand out in sharp relief. The
curved upper surface is arranged to guide a relay set cover safely over the contact
springs.

5.7 Adjustments. Maintenance has been considerably simplified by the adoption of standard
spring tensions and armature travel. Relays with standard 14 mil springs, and
which can be maintained by the
application of the standard adjustments.

WHITE PAPER LABEL WHITE PAPER LABEL are fitted with a white label on the
¢coil front cheek (Fig. 14). Relays
ARK No. with 12 mil springs are given a

EAR OF MANUFACTURE green label, and the spring tensions
, are reduced, Current tests are not
CONTRACTOR 'S required on these relays, and the

WHITE, GREEN CODE LETTER . .
OR RED LABEL residual value is marked on the paper
RESIDUAL ADT label, When it is not possible to
T =T meet the circuit conditions with a
relay in stendard adjustment, it is
fitted with a red label, which
LABELLING SYSTEM 3,000 TYPE RELAY, indicates that reference must be made
to the relay adjustment card for details
FIG, 14. of adjustments and current tests.

The buffer block ensures that, provided the springs are straight, the correct contact
clearances are automatically obtained.

/ 6.
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6. 600 TYPE.

6.1 This type of relay is a "minor" relay modelled on the lines of the 3,000 type end
designed for economy in capital cost and mounting space. It meets the simpler
requirements of a straight relay with a small contact load, that is, a relay which is
just required to operate and is equipped with not more than 12 springs. Its principal
uses are as L snd X relays, and in intercommunication telephones and cord type P.B.X's.,
The following are the main points of design -

(i) All 600 type relays are maintained by mechanical adjustments.

(ii) One thickness of spring is usually employed, 14 mils, but 12 mil springs
may be used in special cases.

(iii) Three types of phosphor-bronze residual stud are employed, that is,
4, 8 and 12 mils., Adjustable residual screws are not used.

(iv) Current adjustments and "special™ mechanical adjustments are not
required.

(v) The 600 type relay is intended for simple functions only, that is, without
nickel-iron sleeves or other devices designed to give special characteristics.
The relay may, however, be fitted with a slug to obtain an operate or a
release lag but such lags must not be critical, since adjustable residual
screws are not used,

6.2 Its main features are compared with those of the 3,000 relay in the following table.

Features 3,000 Type 600 Type
Width in 3/4"
Height 1-7/8" 1-1/en
Over-all Length 3-7/8" 3-3/8a"
Maximum No. of springs 18 A2
Thickness of springs 12 or 14 mils, 12 or 14 mils.
Residual Stud 4, 12 or 20 mils or 4, 8 or 12 mils, no
residual screw. ad justable
residual screw,
Maximum Permissible Power 7 watts. 4 watts,
Dissipation.

COMPARISON BETWEEN 3,000 AND 600 TYPE RELAYS.

6.3 The core, its windings and coil tags, form a complete and independent sub-assembly,
known as a "coil assembly," which may be removed (without ummounting the relay) by
detaching the wiring from the coil tags, removing the armature and then unscrewing the
coil nut. The spool, which is insulated and wound for voltages not exceeding 75,
should not dissipate more than four watts in free air. The coil assembly with
S.R.V.P, board cheeks, at front and rear, may have two or four coil tags which are
identified by letters, as shown in Fig. 15. The coil should be viewed from the rear
with springs uppermost or, if the spool is umnmounted, with the notches in the rear
spool cheek uppermost.

/ 6.4
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6.4 The yoke has no knife-edge projecting as in the 3,000 type relay but the front edge is
sheered at an angle of 87° and the armature is shaped to conform thereto making a bearing
on this edge, as shown in Fig. 15. The buffer block may be a cylinder of white
insulating plastic with concentriec grooves, fastened by a metal bracket, or it may be
a moulded block with projecting lugs. The block is fastened directly to the yoke by two
screws. The latter type is superseding the circular type, both types being

interchangeable,

UFFER BLOCK.

RESIDUAL STUD,

SIDE VIEW
YOKE ARMATURE..
ARMATURE BEARING.

26 v—-——o6
B g e
24 oy 4
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22 o————, 2,
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SPRING NUMBERING COlL. TAGS
(FROM REAR). ‘FROM REAR)

600 TYPE RELAY

FIG, 15.
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7. SPECIAL TYPES,

TELEPHONY III.

7.1 The relays described in the previous paragraphs of this Paper are all known as

7.2 Shunt-~Field and Polarised Relays.

"ordinary" relays, that is, they operate on D.C., irrespective of the direction of
current flow through the coil, and have no special features. Most of the relays used
in telephony fall into this category, but occasions often srise where an ordinary
relay is not suitable for a particular purpose, and special types of relays have to
be introduced. In this Paper, some of the more common types of special relays will
be described.

A polarised relay is one in which the relay operates

only when the energising current flows through the coil in a specified direction, A
shunt-field relay is a special form of polarised relay having two coils, and will not
operate when one coil only is energised or when the two coils are energised in

opposite directions, but will operate when both are energised in the same direction.

A 3,000 type shunt-field relay and the principle of operation is shown in Fig. 16.

In this relay the two coils are coupled together at each end by small yokes. The
armature is slightly longer than that normally used on 3,000 type relays. Owing to the
greater size of the shunt-field relay, it is necessary to limit the contact load to

two units in order that the relay can be accommodated in the standard mounting space.

LINE WINDING

POLARISING WINDING

] }
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DIRECTION.

(¢c) BOTH WINDINGS ENERGISED,
LINE WINDING IN NON-~OPERATE
/' DIRECTION.

MAGNETIC CIRCUIT.

THE SHUNT FIELD RELAY,

FIG, 16,
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The polarised relay operates on a similar principle to the shunt-field relay, except

that the polarising coil is replaced by a permanent magnet. An example of its use is
in the automatic public telephone., (See Fig. 17.)

% .

d T

o——

— s e et

PERMANENT MAGNET OPERATING COIL

POLARISED RELAY, RECTIFIER-PQLARISED RELAY,
FIG. 17, FIG. 18.

In the latest circuits both shunt-field and nolarised types of relay are being superseded
by ordinary non-polarised relays in conjunction with metal rectifiers, ds in Fig. 18,
With the current flowing in the non-operate direction, the shunt rectifier offers a low
resistance and the series rectifier a high resistance. The current path is shown by the
dotted arrow. When the current reverses, the series rectifier conducts readily and the
shunt rectifier opposes any flow of current. The full arrow denotes the current path

and the relay will be energised.

7.3 Differential Relay. (See Fig. 19.) This relay has two windings so arranged that when
both are energised with current in appropriate directions, the magnetic effect of one
winding is neutralised by that of the other, with the result that the armature will not
operate. Any disturbance of this balanced condition resulting from an increase,
decrease or reversal of current in either winding will, if the unbalance is sufficient,
cause the relay to operate., This unbalanced condition can be caused in many ways, for
example, by shunting one winding or placing resistance in series with it.

s AN\ sA—

a d
1L
H
DIFFERENTTAL RELAY. SIMPLE FORM OF A.C. RELAY,
FIG. 19. FIG. 20.

7.4 AC. Relays. Relays are often required which will operate on low frequemncy A.C. The
ordinary fast relay is unsuitable for this purpose owing to the release of the
armeture at each reversal of current. Special types of A.C. relays have been developed
and the principle of operation of a typical design is shown in Fig. 20.

The armature is of considerable mass, and has a long travel., The inertia of the
armature prevents it from restoring sufficiently during reversal periods to open the
contacts. '

/ Another
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Another type is shown in Fig. 21. Xnown as a "Shaded Core" relay, it has a U-shaped pole
face, one portion of which is encircled with a copper slug, acting to delay the flux
changes on that part. Thus, that section of the pole face holds the armature operated
while the reversals of flux are taking place
e in the other part. ©Still another type uses two

separate windings, one of which is shunted by
' a condenser, Thus, the flux changes in the two
windings are out of phase and the armature is

ST held firmly operated.

COPPER.  SHADING RING The development of metal rectifiers in small
sizes has led to the use of ordinery fast relays
for use on A.C., and has made special types no

SHADED CORE A.C. RELAY, longer necessary. Metal rectifiers possess the
property of unilateral conductivity, that is, they
FIG. 21. offer a low resistance to the passage of a

current in one direction (the forward direction),
and a very high resistance in the reverse direction.

When a relay and rectifier are connected with A negative to B, as in Fig. 22, a current
will pass through the relay coil, and not through the rectifier, operating the armature.
When the curreat reverses, the rectifier shunts most of the current from the relay. The
rectifier in shunt with the relay makes it slow to release and the armature is thus held
during each alternate half-cycle, the coil receiving current pulses every other half-
cycle. The action is shown graphically in Fig. 23, I; being the half-cycle pulses,

I, the currents due to the slugging effect of the rectifier.

The circuit shown offers a low impedance on each alternate half-cycle and usually has
a condenser or some other form of impedance connected in series to limit the current.

\
Ej \ I+1y “ |y i
\ \
CURRENT IN RELAY
B
BRIDGE-CONNECTED
RECTIFIER SHUNTED RELAY. CURRENT IN RELAY, A.C. RELAY.
FIG. 22. FIG. 23. FIG, 24.

Another method of adapting an ordinary relay to A.C. use is shown in Fig. 24. Both half-

cycles of the A.C. are directed through the relay in the same direction as indicated by
the arrow.

7.5 Relays Insensitive to A,C. A relay will not respond to A.C. if it is sufficiently slow in
operating and releasing, therefore, relays which are not required to respond to A.C. are
fitted with armature end slugs, and, in some cases, a copper sleeve in addition.

7.6 Two=-Step Relay. This relay is characterised by a special arrangement of the contact
springs. The armature has a half operated position in which it may come to rest as well
as a fully operated position. Such relays are not viewed with favour on account of the
critical marginal adjustment necessary.

/ In
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In its broader sense, a two-step relay is one in which certain contacts operate before or
after the remaining contacts. There are two available sequences -

"¥" contact, a contact which operates before any of the other contacts on the relay.

{See Fig. 25a.)

"y" contact, a contact which operates subsequent to all other contact operations. (See
Fig. 250, ) Only one "x" or "y" spring-set may be mounted on a relay, and a longer stroke
has to be used,

“y CONTACTS

FIXED FIXED
MOYING SPRINGS MOVING SPRINGS
SPRINGS' SPRINGS
o “X"CONTACTS
EBONITE BUFFERS
EBONITE BUFFERS A’*’g{}{g“ N
EVE|
(a) "X" Contact. (b) "Y" Contact.,
2-STEP SPRING ASSEMBLY.
FIG, 25.

7.7 Slow Acting Relays. Where & very long operating lag is required, an ordinary relay fitted
with a copper slug will not suffice and meny special types have been used, some of the more
common ones being described -

Thermostat Relay. This relay (Fig. 26) differs in the principle of operation from those
previously discussed. It is operated by heat and not by magnetic flux, consisting
essentially of a moving spring of a bi-metallic strip around which a heating coil is
wound. The bi-metallic strip consistes of a strip of iron and a strip of brass welded
together., The coefficient of linear expansion of brass is greater than that of iron, and
thus, if the brass side of the spring is placed upwards and current passing through the
coil generates heat, the heat will cause the strip to bend in a downwards direction. The
upper spring is prevented from following the bi-metallic spring by the insulated screw.
This type of relay with suitable winding and adjustments can provide a delay of from 150 mS
to 2 minutes. Later types of thermostet relays include a toggle arrangement to provide a
more positive contact action.

SOLENOID

HEATING COIL

INSYLATION

ADJUSTING
SCREW Oll. DASHPOT
THERMOSTAT RELAY. DASH-POT RELAY.
FIG., 26, FIG, 27,

Dash-Pot Relay. This relay (Fig. 27) consists of a solenoid, the plunger of which is
connected to a piston which is drawn through a cylinder {(called a dash-pot) filled with
oil., The solenoid is mounted above the dash-pot. When current is applied to the solenoid,
the plunger will be drawn into it. The time taken for plunger to be completely drawn into
the solenoid may be varied by means of a screw which regulates the flow of oil through the
piston. The dash-pot is not completely filled with oil, thus the end of the stroke is

/ rapid
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rapid in order to effect a quick make or break of the contacts. On release, a one way
valve in the piston permits it to restore gquickly. The delay period may be from
2 seconds to five minutes.

Pawl and Ratchet Relay. This type of relay is shown in Fig. 28, and consists of two
electromagnets each causing tue operation of a pawl by a movement of the armature. The
two pawls engage with a ratchet wheel having two sets of teeth.
A portion of the ratchet wheel is cut away, and thus its
equilibrium is destroyed. The wheel has a tendency to rotate
in a clockwise direction in an endeavour to restore
equilibrium. This movement is prevented by a stop pin and the
wheel is held in its normal position. When current impulses
are sent through the operate coil, the pawl of this coil
operates in unison with the current impulses. The wheel
RATCHET AND PAWL RELAY. restores to normal after each impulse unless the releasing
coil is energised, and then moves round the space of one
FIG, 28. tooth and remains held by the pawl of the release coil.
On the sixth step the wheel operates the spring-set. When
the release coil circuit is opened, the wheel restores to normal, The time for which
the operation of the spring-set may be delayed depends on the frequency of the impulses
through the cperating coil.

G
HOPERATE
oo b

STOP PIN

Modern practice favours the use of uniselector switches in conjunction with ordinary
relays for obtaining very long operating or releasing lags. In some cases a valve
circuit using a charged condenser and timing
ALARM resistance have been used. A typical circuit
"H START is shown in Fig. 29. The charge on the
e condenser maintains a negative potential to
= ["“4’ALARM the grid of the valve, thus preventing the
flow of current to the anode. As the
AO{ condenser discharges, the negative grid
potential decreases and finally reaches a point
= wvhere anode current flows to operate the alarm
control relay AO. On the release of the
ASt alarm start relay AS, the condenser is
—vw f{r recharged ready for the next operation. Using

50V a capacitance of 2 yF and a resistance of
1 megohm, a delay period of 4-5 seconds may
K2MF be anticipated. The delay pericd may be
varied by choosing suitable values of
A capacitance and resistance for the timing
RAMAO circuit.
VALVE DELAY CIRCUIT. 7.8 Impulsing Relays., In automati~ telepho::,
as explained later, the operation of select .
FIG. 29. electromagnets is controlled by means of a

dial connected across the subscriber's end of
the line. When the dial is operated, the continuity of the line is rapidly broken and
re-made a number of times in succession, the number of "breaks" being the same as the
digit dialled. At the exchange, a relay coil is joined across the line and the
contacts of this relay are employed to repeat the dialled impulses to the selector
electromagnet. Such a relay is called an impulsing relay.

To ensure correct functioning of the selector electromagnets, it is important that

the interval of time for which the line circuit is opened by the dial shall be repeated
with minimum distortion by the relay contact. This necessitates a relay with equal
operate and release lags. When a relay is connected to a line, however, the operate

and release lags are both influenced by line conditions, but not necessarily to an equal
extent. Lines differ widely in characteristics and the problem is to design an impulsing
relay which will have egual operate and release lags when joined to any line. This

ideal cannot be achieved in practice as, in general, a variation in line conditions

/ which
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which gives an increase in the operate lag will reduce the release lag and vice vers::
therefore, a relay with short operate and releazse lags is the best compromise,
It is important that the impulsing relay shell have short releasing and crerating lags in
order thet the variations of time, whichk zre bound to occur under the wide range of
circuit conditicns, shell net have too greet an effect on the impulses.
relay is taken &s the basis <f design, and the normal time lags =2re of ties order of 8 to
12 ms,

The coil is designed to give talanced impedances in the two windings, =nd to this end the
windings are either sandwiched, or else two separate coils are used with a centre cheek
petween them,

The contact springs of normal selector impulsing relays are three in number, znd form
either a change-over or maoke-vefore-vreak assembly., The time interval between make and
break, that is, the "change-over time" or "transit time", is wasted in & chunge-over
combination but is added tc both break and make periods in the cuse of "K" contacts.
Thus, 1f the transit time were 2 mS and the total impulse took 100 mS, a €7 per cent.
break impulse repeated without distortion would eppear @s 65 mS oreak and 3% mS make ip
tlie one case, and 69 mS break and 35 mS meke in the cther case,

&

A short travel of armature is necessary for fast operation, typical figures oveing 10 mils
for the Strowger relsy, and 25 mils for the 3,000 type.

Residuel magnetism cen have @ detrimental effect on en impulsing relay, 2nd. tc minimi
this effect, the residual eir-gap is kept relatively large. In some types of relay the
hinge air-gap essists in this resprect. The Siemens impulsing relay has o yin-type
armature suspension in lieu of the normal ¥nife-edge.

On 3,000 type relays an "isthmus" tyre armsture is used, {See Fig. 30.) The effect is
to produce magnetic saturction at the narrow neck or isthmus, and this : titising
effect on the flux when the relay is operated ot high or low voltoges, B
lines, and so release lag is alsc to some extent stabilised. It gives a reduction of
about 4 per cent. in the amount cf distorticn produnel when the loop resistznce is
increased from rerc to 1,L00 ohms.

It has been found that the shape ana [~sition of the cut-away portion of tuu urmsture Lo
an important influence on the performence or & v, and that an armature signea for
cne particular impulsing re’sy may nct be sntir satisfactory on o reiay -~ different

design.

Two types of isthmus armature nuve csen stzndardised Tor use with the 3,000
In one type, the isthmus is produced ¢y parailel-siden siots et into the
shown in Fig. 30, whilst in the second type the 3iots wre V-stieped. On Sieme: Fhe
the isthmus effect was often citainzd cy providing twe or three Loles in the @ mm.tire.

Where an impulsing relay of the &,000 type iz mounted ud’acent to slugged relsys.
three-sided magnetic shield (see Fig., 51) i3 fitted over the coil to pravent inteorercnee
effects due to magnetic lezkage.

ISTEMUS TYPE ARMATURE. MAGNETIC SEIZLD,
FIG. 30. FIC. ot.

7.9 Fast Relays. Most general purpose relays are known as fart relays, cut the terms "fast” or
"slow", as applied to relays, are purely relative. A relay in which specisl features have
not been introduced, to affect its natural speed of operation and release, may be regarded
as a fast relay. 1In practice, the operate and release lags of ordinary fast relays lie
between 10 and 30 mS, / Relays

: crdinary fant

v
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Relays with a nickel-iron core may be used for special applications where operate and
release times are required to be faster than this, and lags under 5 mS may be obtained.
Nickel-iron (36 per cent. nickel) has a resistivity equal to about ten times that of soft
iron, thus reducing considerably the magnitude of the eddy currents produced.

When an extremely high operating speed is required, special relays are used having a very
light moving system. Relays designed for use in telegraphy may sometimes be used for this
purpose, and descriptions and characteristics of these are given in Telegraphy I.

7.10 Siemens High-Speed Relay (Type 73). This relay has been designed to operate and release
very fast, in the order of one millisecond. Its chief characteristics are a very efficient
magnetic circuit, a low inductance winding, a short armature travel and a moving system
of small mass,

The mechanical arrangements of the relay are shown in Fig. 32. Fixed detail (1) carries a
phosphor-bronze spring (2) which is channelled for stiffness at (3) and carries platinum
contacts (4). Welded to this spring is a soft-iron armature (5) which butts against the
unwound limb of the soft-iron yoke (6). The armature and yoke are plated to prevent
rusting, and at the same time this precludes iron-to-iron contact. The winding (7) is
carried on a moulded insulating bobbin which is slipped on to the yoke and retained by a
brags wedging strip. Spring (2) passes through a slot in the buffer spring (8), the upper
end of which is clamped with spring (2) to detail (1). Secrew (9), which is for adjusting
the tension, passes through tapped lug (10), and engages the buffer spring towards its
free end. Referring to the diagram on the right of Fig. 32b, force A splits into
components B and C. Force C holds the armature securely against the yoke while force B,
pivoting about fulerum F, imparts contact pressure in the direction R, thus contact (4)
normally presses against break contact screw (11). When the relay is energised, the
contact (4) changes over to press against contact screw (12).

P
B
«A
G
R
RESTORE FORCE
rRIACPLE,
\
i ]
4
\a) Relay Without Cover. (b) Mechanical Principles.
HIGH-SPEED RELAY,
FIG, 32,

The adjustments of the high-speed relay are simple and are carried out as follows -

(i) Set the make contact screw so that it just touches the moving contact when the
armature is held operated, Then turn the screw a further quarter of a turn to
provide a residual air-gap and tighten the locking screw.

{ii) Adjust the break contact so that a 4 mil gauge will just pass between the make and
moving contacts,

{iii) Turn the tension screw until the break contacts can be opened with from 15 to 20
grams pressure when applied to the tip of the armature spring. In view of the
very short armature travel, it is of advantage, when adjusting the relay, to use a
voltmeter or test lamp to indicate when the contacts open or close., / The
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The relay can withstend considerable handling without adverse effect, It can be supplied
with an individual cover, which is not required when the relay is mounted with other
apparatus under a common cover, as shown in Fig. 33.

s PR R
Relay With Cover.

MOUNTING OF HIGH-SPEED RELAY,
FIG. 33,

7.11 High Impedance Relays. Relays are often required to have a high value of impedance at
voice frequencies, in addition to their normal D.C. characteristics. This can be
effected by the reduction of eddy currents, which circulate in the core of the relay
when speech currents pass through the coil.

It has been found that A.C. fluxes are confined to the surface layer of the core due to
a "skin effect". The depth of penetration of frequencies above 300 c¢/s is no more than

10 mils,

The A.C. inductance of a relay, and, therefore, its impedance, can be increased by
employing a medium at the core surface which has a high permeability, a low eddy current
loss, and a low hysteresis loss., Such a material is the 36 per cent. nickel-iron alloy
used for the cores of fast relays, but it suffers from the disadvantege that it becomes
saturated at the magnetising forces used for relaeys, and so its permeability drops.

This is shown in Fig. 34, where the impedance for a nickel-iron core is shown to be lower
then an iron core at current values in excess of 60 mA,

By fitting three 12-mil sleeves of nickel-iron over the normal soft-iron core, as shown in
Fig. 35, the effect of saturation is eliminated, the iron core carrying the D.C. flux,

the D.C. characteristics of the relay are practically unaltered, and its impedance to
voice frequency currents greatly increased.

—gza,ooc 000 TYPE RELAY
3 gbo’q 200 OHMS,
o 20, !
<

¥.16,000

g

12,000

L~

sl

Y 8,000

<

[

!

% 4,000

o 20 40 60 &0 100
DIRECT CURRENT (WA)

EFFECT OF CORE MATERIAL
ON THE IMPEDANCE OF 2 RELAY. SECTION OF CORE WITH NICKEL-IRON SLEEVES.

FIG. 34, FIG. 35.
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8, BALLAST RESISTORS.

8.1 On lines connected to C,B, {menual or automatic) exchanges two factors affect the
transmission level -

(i) Voice frequency losses in the conductors, and

(ii) Reduced sending level, due to reduction of transmitter current with increase
of line resistance.

8.2 Subscribers! Service Transmission Performance Standard (S.T.S.) is the limiting
condition laid down for the transmission performance between the subscriber and the
local exchange, as indicated in Fig. 36, and includes the losses in the transmission
bridge at the subscriber's exchange.

SUBSCRIBER'S SERVICE
fe——  TRANSMISSION (gx;tzsr-‘)ORMLWCE STANDARD

EXCHANGE
STATION : LOCAL LINE ; APPARATU%
1 }
| | =
TELEPHONE ;
300 c8 : I 290
{ |
; |
] 5009 10 L !
‘CAbLE (2-8 ‘3 !
SER
[Iacg R
]
|

SUBSCRIBERS' SERVICE TRANSMISSION PERFORMANCE STANDARD.

FIG. 38.

8,3 In order to comply with the standard transmission performance limits, the maximum line
resistance of 10 1b, cable, using a 200/200 omm feed relay in the transmission bridge
and the standerd C.B. telephone, is 500 ohms. To increase the loop resistance over
which satisfactory transmission is possible, the resistance of the feed relay could
be reduced, but this would result in an excessive current flowing when short lines
were connected to the circuit. Although the level of transmission increases with
an increase of current, a point is reached where hissing and frying would take place,
and arcing would cause deterioration of the transmitter electrodes. 1In practice,
the upper limit of current through the transmitter is taken to be 100 mA,

8.4 Ballast Resistor. In recent years, a form of ballast resistor or barretter has been
introduced with a view to increasing the transmitter current on long lines, but at
the same time preventing excessive current on short lines., A ballast resistor is
so designed that its resistance value varies with change of current and is so
connected that the change of resistance assists to meintain a constant current in
the circuit. Thus, they are made of a material which has a high positive temperature
coefficient.

/ Fig. 37
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The

two filaments are of fine tungsten wire enclosed in a hydrogen-filled bulb, the connections

being made by means of soldering tags.

(a) Twin-Filsment Ballast Resistance.

400

300

200 /
/

RESISTANCE (OHMS)
(BOTH FILAMENTS IN SERIES)

{00

o

© 0 0 0 o 0 0O ©
- @ ®» 3 v o KN @

{eTe]

o}
-}

CURRENT (mA)

(b) Characteristic Curve.

BALLAST RESISTOR.

FIG. 37.

The curve shows clearly the rapid increase in resistance as the current rises above 80 mA,

Fig. 38 shows a Stone transmission bridge with twin-filament ballast resistors inserted

in the battery and earth supply to the impedance coils,

LT Th

= £

TRANSMISSION BRIDGE WITH BALLAST RESISTORS.

FIG. 38.

transmission performence when using ballast resistors.

These are of low resistance, the
ballast resistor giving ample protection
against overheating on short lines and under
most fault conditions. A contact with a low
tension power line will, however, cause
burn~out of the ballast resistor in most
cases.

The use of the ballast resistor allows the
minimum transmitter current (about 50 mA) to
be obtained on longer lines than otherwise
possible., Although the ballast resistor
produces a general improvement in the volume
efficiency of a subscriber's circuit, it

does not necessarily result in a corresponding
gain in transmission performance which takes
into account all factors, such as distortion
and sidetone reduction, as well as attenuation,
With earlier C.B. telephone circuits, the

high value of sidetone and bad frequency
distortion prevent any material gein in
However, with modern anti-sidetone

telephone circuits, the introduction of ballast resistors enables the line resistance
to be increased by some 12 per cent. for the same standard of transmission performance.

/ 9,
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9., CONTACTS AND SPARK QUENCHES.

9.1 Contact Materials. As a reliable electrical connection could not be assured between
nickel-silver springs themselves, domes of special material are fitted to form the
actual points of contact. Various pure metals have been used from time to time for
these contacts, the aim being to find a material of high electrical conductivity
which, in addition to resisting atmospheric corrosion, is not burnt by the sparking
which occurs when an electrical circuit is broken. Pure silver is normally used as
contact material., If, however, the circuit to be made or broken has a current greater
than 300 mA but not more than 1.25 amperes; if the voltage is greater than the normal
exchange voltage, or where the contacts will be subjected to heavy service, platinum
is used. Springs fitted with contacts of this metal are identified by having a
V-notch cut in one end.

Some early types of relays used an alloy as contact material. The alloy commonly used
was that known as "P.G.S." consisting of 7 per cent. platinum, 67 per cent. gold, and
26 per cent. silver.

Tungsten contacts are used when the carrying capacity of platinum is exceeded, and
currents up to 5 amperes may be broken without undue contact wear. Tungsten contacts
are also useda when the spring-set is subjected to very heavy service, The tungsten
cannot be fixed directly to the contact springs, and it is usually welded to a disc
of iron or mild steel and the disc is riveted or spot-welded to the spring.

The approximate ratio of costs of relay spring contact is silver 1, P.G.S. 4,
platinum 24 and tungsten 16, The contacts are fixed to the spring either by spot
welding or riveting a shank formed on the back of the comtact. (See Fig. 39.)

RESTORE

z,zz'yils.

P2 i P2

{Dome.(Ordinarg).

=5 Y 20mils.
LA, i LI

=
60”1[7:

Dome Contact on
Both Sides &F Spring
Py

CONTACT SHAPES. MERCURY CONTACT RELAY.
FIG, 39. F1G,. 40.

9.2 Mercury Contact Relays., When it is desired to make and break high voltage circuits,
relays with mercury contacts are used. The mercury is contained in a sealed glass
tube containing a non-oxidising gas which prevents failure of the contacts. The glass
tubes may be provided with porcelain liners to prolong their life. The external
connections are generally provided by means of contacts sealed through the glass tube
and extended to fixed terminals by means of bead-insulated flexible wires. A typical
relay is shown in Fig. 40. When the relay armature is attracted, the glass tube is
tilted and the mercury bridges the contacts,closing the circuit. Various forms of
mercury contacts are mede, that is, make, bresk, change-over and make-before-break.

9.3 "Wetting" of Contacts. The slightest oxidation of relay contacts will introduce a
high resistance effect, which causes almost complete disconnection under low voltage
conditions. It is, therefore, not desirable to allow contacts to carry tone or
voice currents without superposing a D.,C. potential of at least one volt. This is
usually arranged by shunting any blocking condensers with a high value of resistance,
about 40,000 ohms, to ensure breaking down of the film of oxide.

/ 9.4



TELEPHONY IIT. PAPER NO. 1.
PAGE 23.

9.4 Contact Bounce., There is a tendency for all relay contacts to bounce at the moment of
coming into contact. This bounce interrupts the flow of current at the contacts and
causes circuit failures which are difficult to trace, also it shortens the life of the
contacts. :

In some relays, the effects of contact bounce sre minimised by the adoption of thick
fixed springs in conjunction with lighter lever springs, thereby damping any tendency
for persistent vibration. In another relay design, the fixed springs are buffered,
reducing their effective vibration length.

Another form of contact bounce due to vibration of the armature during operation can be
reduced by introducing a very small slug at the armature end of the core. In the
3,000 type relay this takes the form of a copper front coil cheek.

9.5 Spark Quenches. When currents in an inductive circuit are broken, high induced voltages
are produced which may cause a destructive spark at the contacts. The object of a spark
quench circuit is to absorb this inductive energy, and this may be effected by a
condenser shunted ecross the contacts as in Fig. 4la.

The condenser charges when the contacts breask, thereby absorbing the energy, which
otherwise would be dissipated in the form of a spark. However, when the contacts reclose,
the condenser would discharge through them causing & momentary heavy current. This has
been found to generate too much heat in platinum or other contacts and they melt slightly
and weld together., This can be guarded against by inserting resistance in series with
the spark quench condenser as in Fig., 41b. This resistance detracts from the efficiency
of the condenser in absorbing the spark energy, thus, it is necessary to decide on the
optimum value of capacity and resistance for every material and every circuit. Where &
46 ohm selector magnet is broken by platinum contects at 50 volts, the spark quench is
fixed at 1 pF and 200 ohms. In some cases a condenser having inherent resistance may be
used making an additional resistor unnecessary (Fig. 4lc).

_t = = 2 i
||}4 . '“—1§ ,
< I
CONDENSER CONDENSER WITH RESISTANCE N.1. SHUNT RECTIFIER
@) (b) () (d) )

SPARK QUENCH CIRCUITS,

FIG. 41,

An alternative spark quenching device is the shunting of the coil with a non-inductive
resistance., This, however, increases the releasing time of the armature and is,
therefore, not suitable in all cases, A more effective spark quench is obtained by
replacing the resistance by a metal rectifier (Fig. 4le), but this has & heavy
slugging effect.

/10,
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10, CIRCUIT DIAGRAMS.

10.1 The circuits in this Course are drawn on the detached contaet principle, the coils
and contacts are placed where it is convenient for the layout of the circuit.
Fig. 42 shows the standard symbols for the various types of relays which have been
described in this Paper. Each relay coil has indicated against it the number of

contact units associated with it, for example, %which means that the K relay has

three contact units, and as these are numbered X1, K2 and K3, there is no possibility
of a contact being overlooked.

SINGLE  WOUND. DOUBLE WOUND.
21
- E .
5 A 1
A Y 23
SLOW RELEASING. SLOW OPERATING. THERMAL RELAY.

A
m ' 3
HIGH IMPEDANCE.
EHUNT FIELD RELAY.

sl % |
23 QX! ll plor N 3
E::E":E_,\, ,LIIJII ]

HIGH-SPEED RELAY & SPRINGSET. POLARISED.
»
ol B
ALTERNATING RELAY UNAFFECTED ®Y
CURRENT RELAY. ALTERNATING CURRENT.

_Z'_/ 2 G3 Hs ¢, 27 / “Js
z&_ =L, J-(g

27y
‘" CONTACT RELAY. “Y" CONTACT RELAY,

Ki
PLATINUM CONTACT. _ch/‘&_.
1

ST
MERCURY CONTACT _b/7al _
Hy

' BT
TUNGSTEN CONTACT. 2 Z

GRAPHICAL SYMBOLS ~ TELEPHONE RELAYS.

FIG. 42.
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11, TEST QUESTIONS.

1. State the reasons for fitting nickel-iron sleeves over the cores of certain telephone
relays, and explain why the sleeves affect the desired results.

2. Describe briefly three delayed action devices for providing delay periods longer than
those obtained by the use of slow releasing or slow cperzting relays.

3. Describe the construction of an impulsing relay of the 3,000 type.

4. Explain briefly the principle of a metal rectifier as used in telephone exchange
circuits, and give two examples of its application.

5. Describe how contact bounce and contact failures are minimised in the design of a
3,000 type relay.

6. What do you understand bty the terms -
(i) Shunt Field Relay, end

{ii) Shaded Core Relsv.

By means of suitable diagrams indicate conditions requiring the use of each of these
types of relay.

s (i) What is a ballast resistor?
(ii) Where and why is it used?
(iii) State any disadvantages of its use.

(iv) Draw a characteristic curve of a ballast resistor.

8. List the requirements of a relay for telephone working.

9, What is meant by a "minor" relay? Give two examples of minor relays.

10. In the horizontal switch type relay, when is a 2:1 armature used, and what is the
reason for its use?

11, How may the iron parts of a relay be protected against oxidation? Which method do
you prefer?

12. Give the features of the Standard Relay and compare them with similar features of
the horizontal type and Siemens type relays.

/ 12.
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INTRODUCTION,

1.1 An Automatic telephone system is one in which a calling party can, without the aid of
a telephonist, effect connection with another party by operating switching mechanism
located at a remote point, It is a recognised fact that a well-maintained machine
is more efficient than a human operator, therefore a more efficient telephone service
will be given by an automatic system than by a system operated manually,

1.2 Some of the advantages to be gained with an automatic system are ~

(1) With an automatic system, a continuous service is afforded without the need
for retaining staff during slack periods of the day and during night hours.
It is well known that under Manual conditions the telephonist becomes less
efficient during slack periods, wholly due to the fact that she is called
upon to attend calls received on a number of different positions, During
the night hours, the number of calls received is small but staff must be
available to attend to them; under such conditions the cost of attending to
calls is out of all proportion to the revenue received,

(ii) Operating irregularities are eliminated with the use of the machine, Ir-
regularities aris® under manual conditions from a variety of causes directly
associated with the human element., The phonetic similarity of certain
numbers, bad articulation, transmission difficulties, etc., result in wrong
number troubles and render necessary repetitions which, to busy telephone
users particularly, are likely to cause annoyance, The liability of errors,
due to the phonetic similarity of some numbers, necessitates the use of
distorted expressions, such as "fife" for "five" in order to prevent con~
fusion with '"nine," pauses are required between numbers, similar numbers
occurring in succession must be carefully transmitted, etc. Such restric-
tions are unnecessary in an automatic system,

(iii) The use of different languages does not present difficulty nor does this call
for special treatment with an automatic system, People speaking different
languages will not be inconvenienced if connected to the same exchange.

The caller, as will be explained, spells the required number by hand.

(iv) The apparatus used for setting up connections in an automatic system is built
for "precision" operation; connections are therefore set up with speed and
accuracy.

(v) Operating time is less with an automatic system. In addition to improving
the service, the elimination of ineffective time results in more efficient
use of the plant,
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(vi) The elimination of an operating staff, generally spesking, results in consider-
able saving in favour of an automatic system, While the first costs are
generally greater in the automatic case, these are counterbalanced by the
saving of staff and the probable reduction in building charges.

1.3 The first automatic exchange to be installed in Australia was at Geelong, Victoria, in
1912, and the Department subsequently adopted the policy of automatisation of exchanges
in capital cities and large country centres, In more recent years this policy has
been extended to include small rural exchanges.

2, TWO-MOTION SELECTORS.

2.1 There are many different types of automatic systems in use in the world, but in Australia
the Step-by=-Step system is the only one in common use, This is developed about the
basic 100 line unit, using the two-motion selector, which has been introduced in
Telephony II,

Three types of two-motion selector have been used by the Department, namely -

M (i) strowger,

SPINDLE OR SHAFT (ii) Siemens, and

‘(//// (iii) 2,000 type,

and these will each be described
in detail in later Papers of
 s— R this Course,

DETENT OR DOG &Eﬁ;ﬁ%ﬁl 2.2 Fig. 1 shows the fundamental
VERTICAL parts of the two-motion switch
i mechanism, It contains two
electromagnets, one for lifting
e the shaft and wipers vertically
. = 51 and the other for turrning the
shaft and wipers rotarily, The
vertical magnet, when ernergised,
VEVHCAL////////f attracts its armature, and the
RATCHET vertical pawl engages with the
vertical ratchet teeth cut into
the shaft causing the shaft to
be lifted one step, When the
[ magnet is de-energised a powerful

spring ensures prompt release of
the armature, but the shaft is

5 prevented from falling by a
ROTARY support called a detent or dog.
RATCHET/ \

In & similar manner, when the
ROTARY rotary magnet is operated the
PAWL sﬁ};ﬂgﬁ shaft is rotated one step at =
time, winding up a cup spring
and being held by the rotary
detent

n 2.3 The release of the selector
//;f . is effected by a third magnet,
MOVING MEMBER the release magnet (not shown in
(WIPERS) Fig, 1). This is energised at
the completion of a call and
FIG, 1. ELEMENTS OF TWO-MOTION SELECTOR MECHANISM. causes the vertical and rotary
detents to be withdrawn from
the ratchet teeth, The shaft is then free to return to its normal position under the
influence of spring tension and the force of gravity.

/2.4
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2.4 Attached to the bottom portion
called wipers, and these make
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SELECTOR BANK CONTACTS.
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of the shaft are two sets of moving contact members

the required connections to the contact bank (see Fig. 2).
Note that there are two
banks, the lower one being
the line connections, re-
quiring one hundred insul-
ated pairs of contacts
arranged in ten levels,

The upper bank is similar
in arrangement to the line
bank, except that only
single contacts are neces-
sary. This contact, known
as the "private" contact,
is the equivalent of the
"sleeve" wire in a multiple
manual exchange, and is
used for the engaged test,
metering and other pur-
poses,
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2.5 Associated with the
selector mechanism are a
number of relays which are
arranged so that the
selector will perform its
required functions, It

o
—

is not practicable to
operate the selector mage-

nets in series with the subscriber's line circuit and dial contacts because of the heavy

current required (1 ampere approximately) to operate the magnets.

An impulsing relay

(relay A in Fig, 3), therefore, is connected to the line, and this relay also serves

LINE

FIG, 3.

IMPULSING CIRCUIT.

as a battery feed retard.
Relay A will be operated
in series with the sub-
seriber's telephone loop
when the receiver is lift-
ed, Contact A1 completes
the circuit of relay B,
which also operates. Vhen
the subscriber dials the
first digit, a number of
interruptions in the line
current (impulses) corres-
ponding to the digit
dialled, are transmitted,
Relay A responds to the
impulses, but relay B,
being slow to release, will
hold during the periods

AIH"

N

B1

RELEASE
MAGNET

VERTICAL
MAGNET

N

s
-

when A1 is normal, With
A1 normal and B1 operated,

a circuit is completed for the vertical magnet, which will operate with each impulse
and cause the selector shaft and wipers to be lifted a number of steps according to

the digit dizlled.
ing the required number,

The wipers will now be standing alongside the bank level contain-

At the end of the first "train" of impulses, relay A remains operated and the release

of a third relay, relay C (not shown in Fig. 3), causes a change in the circuit,

Urcn
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the second digit being dialled, the impulses repeated by the A relay are directed to the
rotary magnet, which causes the wipers to be stepped on to
the required bank contacts, Connection between the two
subseribers is thus established as a result of dialling
two digits, and the resultant transmission of two impulse
trains,

At the completion of the call, the caller replaces the
receiver, opening the circuit of ralay A which releases.
Relay B releases after its slow relsase period (approx-
imately 350 mS) and the circuit of the release magnet is
completed via A1 and B1 normal and contact (N) operated,
The off-normal spring-set (N) operates when the switch
moves from its normal position, The operation of the
release magnet causes the release of the selector mech-
anism, Contact N is opened when the shaft reaches the
normal position, opening the circuit of the release magnet.

2.6 The Connecter. Fig, 4 shows an early type of two-
motion switch known as a connecter, Besides the A, B
and C relays previously referred to, this selector has
a D, B, F, G and H relay, and these are necessary to per-
form the many functions required, This type of switch
is now called a "Final Selector," as, in large exchanges,
it performs the final stages of selection. If a com-
parison is made with manual practice regarding the method
of selection during the progress of a call through an
AUTOMATIC SWITCH (CONNECTER) AS automatic system, it will be found that the stages of
FIRST INSTALLED IN AUSTRALIA. operation are very similar, Tne following is a summary

FIG, 4, of operations in both manual and automatic working -
C.B. MANUAL AUTOMATIC,
Subscriber Removes Receiver, Subscriber Removes Receiver,

Lamp glows on answering position Automatic mechanism seized,

Operator inserts plug into answering Jjack. Subseriber operates dial,

Operator ascertains the required number and Automatic mechanism extends the caller +tc¢
tests same in the multiple. the bank contacts of the required rumber

and tests same,

If the called line is free, the operator If the called line is free, the mechanism
inserts a calling plug into the jack and sets up conditions for calling the re-
depresses the ringing key, thus sending a quired number,
calling signal to the required number.

If the called number is already engaged, If the required number is "busy" the
the operator informs the caller, either mechanism transmits a busy signal to the
orally or by means of a signal, that the caller,
connection cannot be completed.

When the call matures, the operator meters When the called party answers, the call is
it against the caller, metered against the caller,

On completion of the call, supervisory On completion of the call, the mechanism
signals are displayed to the operator, who is immediately released and becomes
takes down the connection, available for other calls,

During the progress of the call, and until the connection is released, both the calling
and the called lines are made "busy," thus guarding them from intrusion. In the manual
case, the circuits affected are marked "engaged," while the connecting plugs remain in the
respective jacks,

/2.7
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2.7 Supervising the Call, As indicated earlier, to enable the caller to know how a call is
progressing, a system of "tones" is provided, The tones have different characteristics;
the significance of the tones are known to the subscribers who are thus provided with a
means of knowing whether the call is progressing satisfactorily or whether it should be
abandoned, Certain tones have been set down as standard, but some of the older exchanges
have tones which differ from these standards,

A more modern method of advising the calling subscriber of the progress of the call is by
reproduction of a voice repeating such words as "Number engaged," "Dial now" or "Number
unobtainable,” The reproduction employs the principle of the talkies, So far, it has
been used only for trial purposes in the Commonwealth.

The standard tones are as follows -

(1) Dial Tone. This tone is transmitted to the caller when the line has been extended
to a free mechanism as a result of lifting the receiver - the tone indicates that
the call may be commenced, The tone continues until the first digit in the called
number is sent by the caller, ‘Tt is a continuous purring low note.

(i1) Ring_Tone. This tone indicates to the caller that the call has proceeded satis-
factorily and that ringing conditions have been set up, and may be represented by -

Burr--Burree-=~~ Burr--Burr=-«=== Burr--Burr,

(i11) Busy_Tone. This tone indicates to the caller that the call is not progressing
satisfactorily, due either to the called party being already engaged or to the
connecting circuits involved in setting up the connection being engaged, The
tone implies that the "hold up" is temporary and the call may be attempted
later, It is a high pitched tone interrupted at regular intervsls, thus -

(iv) Number Unobtainable Tone. This tone indicates to the caller that the call should
be abandoned, The tone may be given when non-existent numbers are called or
numbers which are spare, It is a high pitched tone similar to the busy tone,
but uninterrupted,

Schedule of Standard Tones used in Automatic Systems.

Periodicity of Interruptions per Note
Name of Tone Second, etc, Given
Dial 33 periods per second continuous Low
(purr)
Ring 133 periods per second superimposed Medium

on the 33-¢/s ringing current,

interrupted as follows -

0.4 sec. 0,2 sec, 0.4 sec, 2,0 sec
(On) (off) (on) (off)

Busy 400 periods per second interrupted High
as follows =~
0.75 sec. 0,75 sec,
(On) (off)

Number Unobtainable 400 periods per second continuous High
(N.U.)

It will be clear that the characteristics of the tones must differ sufficiently to enable
them to be readily distinguished, The tones in most exchanges are derived from inter-
rupters associated with the exchange ringing machines, The interruptions are transmitted

/to
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to transformers and thence to distribution points from which they are connected to the
apparatus concerned, The latest machines are of the inductor type in which the unwound
soft-iron rotor has teeth which cause the current in a stator winding to vary at the
desirad periodicity. The circuit details will be dealt with later. In the older type of
exchanges, and particularly in those exchanges supplied from America, harmonic converters
were used to provide the tones as well as the ringing, but these are now being eliminated
in favour of the machine generation of tones.

2.8 Metering the Call. In an automatic system it is necessary to provide some indication of
the number of calls made by a subscriber, The metering of calls is made on a meter or
register of the Veeder counting type associated with each subseriber's apparatus in the
exchange, The stage at which the meter is operated differs with various systems, meter-
ing occurring either when the called party removes the receiver or upon the release of an
effective call, In Australian and British practice, metering occurs when the called party
removes the receiver, Automatic metering is catered for on all calls within a predeter-
mined area, termed the "Unit Fee Area." Such calls involve one count of the meter only.

THE_METER COMPLETE, AND ALSO WITH COVER AND LABEL CAP REMOVED.

Calls beyond the Unit Fee Area are routed to a Telephonist's position from which the
call is operated manually, effective calls being recorded on a ticket,

Multiple metering schemes, which enable more than one count upon the meter, are in use to
a limited extent in other countries, Difficulty arises in applying such schemes where

trunk or long distance calls charged on a "time'" basis are concerned, Involved circuit

arrangements are necessary in such cases to meet the metering requirements and to provide
the necessary warning and release conditions at the expiration of the "unit" time,

Because the metering is to be effected when the called party lifts the receiver, it is
necessary to pass some signal from the equipment leading to the called subscriber back

over the connection to the calling line circuit where the meter will be, To avoid the use
of separate wires just for this purpose, various schemes have been adopted to pass the
required signal over the line or the "private" wire without interfering with the normal
working over these wires,

Generally, three methods of metering effective calls are available -

(i) Reverse Battery. The circuit arrangements provide for the operation of a
feverse Datiery Y
relay controlling the meter when the direction of the current is reversed
by the removal of the called party's receiver,

(ii) Booster Battery. The circuit arrangements provide for the application to
the meter of an assisting voltage for a short period (200 to 300 mS) after
the removal of the called party's receiver,

(iii) Positive Battery. This is used with 2,000 type circuits. Normally, the
negative pole of battery is connected to the apparatus but, when metering is
required, the positive pole of a metering battery is connected to the circuit
leading to the meter and a rectifier in the circuit then allows current in
this direction to operate the register, /A
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A further scheme termed "Reverse Meter" is in limited use in some of the older
exchanges but this is really a type of reverse battery metering, the modification being

that the reversal of battery operates the meter without the interposition of the
reverse battery metering relay.

In one system the Booster efiect is obtained by reducing the resistance in the meter
circuit when the called party removes the receiver, thus increasing the value of the
current flowing to a figure sufficient to energise the meter which remains operated
until the release of the connection, As will be readily seen, this arrangement avoids
the necessity for adding cells to obtain the increased current.

3. SIMPLE 100 LINE SYSTEM.

3.1 A simple 100 line automatic exchange would require one final selector (or connecter) per
line, that is, 100 final selectors. Fach of the subscribers must be represented by
contacts in the banks of every switch provided, and this is arranged by connecting
similarly numbered contacts cn all banks together by means of multiple wiring, (See
Fig. 5.)

When a subscriber lifts the receiver
to make a calil, a final selector is
taken into use and, by dialling two
digits, the required connection is
nade, To prevent the final selector
associated with the called line being
geized, a pair of relays, designated
L and K, are provided for each line,
These function in a similar way to
the line and cut-off relays in a C.B.
FIG, 9. manual exchange, the operation of the
K relay on an incoming call discon-
relay and final selector, giving a claar line to the celled subscriber,

t-

nacting the

3.2 Fig. 6 shows s "trunking diagram" of a call through a 100 exchange. Subscriber No,
21 is calling No. 30 and, on lifting the receiver, final selector No, 21 is seized,
This is stepped up 3 levels by the first digit dialled and on to contacts 30 by the
second digit and, providing subscriber 3C is disengagsed, ringing current would be
applied to the line. The operation of relay K disconneets final selector No. 30,
preventing false operation,

CALLING CALLED
SuB.
L&k CONNECTORS L&K
Ne OR Ne
21 FINAL 30
SELECTORS

BANK MULTIPLE

FIG, 6. SIMPLE 100 _LINE EXCHANGE,

On outgoing ealls from subscriber No, 3G, the L relay would operate and final selector
No. 30 would be used,

/343
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3.3 The 100 line exchange described would require 100 final selectors and banks, Each
subscriber's line would have a final selector which would be used when that subscriber
originated a call, but would not be required on calls from other telephones. If the
100 telephones were all in use, only 50 of the final selectors would be required. In
fact, only a small number of subscribers are likely to be using the telephone at any
one time, depending on their calling rate, Under average conditions, about 10 final
selectors would be required to handle the greatest number of simultaneous calls from
100 subscribers,

4, UNISELECTORS.

4,1 As the two-motion selector is an expensive item of equipment, it is economical to pro-
vide only sufficient to handle the normal traffic load and to give the 100 subscribers
access to these as a common group. This is made possible by using a cheaper item of
equipment, known as a uniselector, individual to each line,

4,2 There are two types in general use in Australia -
{1) The Plunger Uniselector (or Line Switch).
(ii) The Rotary Uniselector.

the latter type now being the standard type. It is provided with a ratchet mechanism
controlled by magnet operation; +the ratchet operates a spindle with which wipers are
associated moving in one plane only. The wiper tips engage bank contacts arranged in
an arc, Two principles of operation are used. In Fig, 7, the operation of the
magnet results in the pawl being withdrawn from the tooth in which it is normally
resting far enough to slip into the base of the next tooth, Upon the cessation of
current through the magnet and the resultant restoration of the pawl under the in-
fluence of the armature restoring spring, the wipers are moved forward., This is
known as "reverse action."

The principle of the other type of uniselector is shown in Fig. 8, The pawl is
thrust into the tooth when the magnet armature is operated, moving the ratchet wheel
and with it the wipers, This is referred to as "forward action."
RACHET WHEEL
DETENT SPRING
e

RATCHET WHELL

DETENT SPRING

WIPERS

pAWL  WIPERS PAWL

$|N : [j SPR!NG
CONTACTS CONTACTS
i ARMATURE ELECTRO ARMATURE
REVERSE ACTION. FORWARD ACTION.
FiG, 1. FIG, 8.

Both types of action are in general use, the reverse action type now being the
Australian standard,

In the reverse action type, as the advancement of the ratchet and wipers takes place
during the period when the flow of current through the magnet is interrupted, the
current through the magnet need only be enough to place the pawl into engagement with
the next tooth on the ratchet, This operation is affected less by irregular impulses
than the forward action type, in which the advancement of the wipers is dependent on
the power given by the current impulse which requires that the current must flow long
enough to fully operate the magnet armature and thrust the pawl, and with it the
ratchet, one full step forward, /Another
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Another type of single-motion switch has a small electric motor which is geared to a

wiper spindle. When the appropriste contact in the wiper bark is reached, current is
cut off from the motor and the wipers rest on the selected contacts.

The types of uniselectors in common use in Australia, as well as the Plunger line
switch, will be described in detazil later in this book.

5. 100 LINE SYSTEM USING UNISELECTORS.

5.1 Fig. 9 shows the method whersby the subscribers may be connected to a common group of
final selectors via uniselectors, The uniselector banks are '"multipled" together
and connected to the 10 final selectors, When a final selector is in use the
associatad contacts cn the uniselector banks test busy, so that the wipers of another
uniselector in the same group will step over these particular contacts when the uni-
selector is used for an outgoing call, When the 10 final selectors are engaged
further calls cannot he made, and the absence of dial tone indicates this to the
calling party or, alternatively, busy tone is given when the uniselector passes the
tenth contact, Although 10 uniselector bank contacts only are shown in Fig, 9, the
usual capacity of the bank is 24 or 25 contacts. The reason for this will be ex~-
plained when larger groups of lirnes are being discussed,

UNISELECTORS 2-MOTION SWITCHES
(FINAL SELECTORS)

bbbl

ﬁ_- s o1 oo
K St 80
- 8¢ 8o
’ ¢ 70
[ o= ————,

SWITCH BANKS

61 60 (SUBSCRIBER'S
51 50 / MULTIPLE

41 40

31 30

21 20

11 10

REPRESENTS 10 CONTACTS
AS SHOWN HERE

| EACH THICK LINE

= E

TO 95 OTHER
UNISELECTORS

*L
N
W=

bl

™

ot

St

@
a—9

PRACTICAL 100 LINE FXCHANGE,

FIG, 9.
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5.2 A simplified trunking diagram is shown in Fig. 10, where subscriber No. 21 is calling No,
30 ns before.

SUBS.
UNISELECTOR

FINAL
7 8 9 {0y SELECTORS

BANK MULTIPLE

TO
UNISELECTOR

100_LINE EXCHANGE USING UNISELECTORS.

FiG, 10.

When the subscriber 1lifts the receiver, the uniselector wipers will be automatically
stepped until they are standing on an outlet to a free final selector, This is known as
a "hunting" action and requires no impulses for its operation. The free outlet is
"seized" and guarded against intrusion by other callirng subscribers, In Fig., 10 final
gselector No., 10 has been seized by uniselector No. 21, and the subscriber will proceed to
dial the two digits 30, The call matures in the same way as described in paragraph 3.2,

5.3 Uniselectors as Line Finders. Providing a uniselector for each subscriber's line will not
always be the most economical arrangement. It is a sound policy to arrange the switching
equipment common to a group of
subscribers rather than to make
UNISELECTOR Sy G e 5
USED AS LINE FINDER it individual to one line,
Then it can be used by any one

__,—,———”’60 EIHAL FEL of a group, and, generally, it
”,,/”’o will be more economically used.
,i:zzzéi In a small automatic exchange

i requiring only a few two-motion
switches for the traffic, this
will certainly be true. In

‘%E‘)“ér,i‘g‘;{%‘f,';}é" these cases the uniselectors
= are coupled with a two-motion
switch and the suhscribers®
lines are connected to the bank
PRINCIPLE OF ui.o FINDER EXCHANGE . contacts of the uniselector as
shown in Fig. 11.

FIG, 11. /There

TO OTHER
TELEPHONES
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There is no alteration in the mechanical operation of the uniselector with this
arrangement , The removal of the receiver causes the wipers of an idle uniselector to
hunt for the contacts of the calling party which, when found, is switched through to a
two~motion switch. Thus, the uniselectors in use are similar to those in the switch
per line scheme, but the number of uniselectors is much less than before. Uniselect~
ors used in this manner are known as Line Finders,

If the uniselectors have 25 outlets the subscribers in the exchange would be divided
into groups of 25 lines, each group being provided with a number of line finders and

a similar number of final selectors, Two-motion selectors may also be arranged as
line finders and give groups of 100 lines or, in some cases, 200 lines, Each line
would have, of course, its line relay and cut-off relay, and it would be necessary to
have some common equipment which allots the line finder and starts at least one of
the line finders hunting as soon as the call is made, It is a matter of economics

to determine whether a line finder system is preferable to the switch per subscriber's
line scheme and, as stated previously, when the traffic is light the line finder
system is more economical,

5.4 Necessity for Disl Tone., With the introduction of the uniselector, and the consequent
limitation in the number of connecting circuits, it may occasionally happen that a
subscriber, on removing his receiver, is not immediately connected to a two-motion
selector, and some little time elapses before the exchange apparatus is prepared to
accept the dialled impulses, Should the subscriber dial before the apparatus is
ready to accept the impulses, a wrong number or a mutilated call would result, To
indicate to subscribers that the exchange apparatus is ready to receive the call,
"dial" tone is connected to the calling line by the two-motion selector.

If the telephones are fitted with the standard dial, in which the lost motion period
precedes the impulse train, some safeguard is given against premature impulsing when

a subscriber fails to wait for dial tone before commencing to dial, However, when the
connection ig via line finder equipment, the time taken to switch through may be
several seconds, Thus, it is essential for the caller to listen for dial tone before
dialling,

6., 1,000 LINE EXCHANGE,

6.1 The principles of a 100 line exchange have been described, Such an exchange is often
referred to as a 2-digit system because it 1s necessary to dial 2 digits to gain
connection to any number.

To extend the exchange beyond 100 lines the subscribers' numbers must have 3 digits,
and the exchange thus becomes a 3-digit system. The numbering on a 1,000 line
exchange is from 000 to 999 and consists of ten groups, each of 100 lines, each group
being served by a suitable number of final selectors. A group selector, controlled
by the first digit dialled, selects the particular 100 line group required and gives
access to one of the final selectors serving that group.

6.2 The Group Selector is a two-motion selector having a mechanism similar to those
described in Section 2, The vertical movement of this selector is controlled by the
first train of impulses dialled but, unlike the final selector, the group selector
is provided with an automatic rotary movement which comes into action immediately
after the first digit has been dialled. The wipers are stepped over the contacts of
the level reached, and these are wired to final selectors serving that particular 100
line group. The first free outlet encountered is seized and guarded from intrusion
from other searching group selectors, The remaining two digits are accepted by the
gselected final selector, as explained in connection with the 100 line exchange.

This automatic rotary movement is not controlled by the dial and is known as a
"hunting" action,

/6.3
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6.3 Fig. 12 shows the trunking arrangements for a 1,000 exchange.

TELEPHONY ITI,

Assuming that 10 final

selectors are sufficient to carry the average number of simultaneous calls incoming to
each of the 100 line groups, then the banks of all of the group selectors in the exchange

will be multiplied together,

Should more than 10 final selectors be necessary in any one

group, then a scheme of "interconnecting" or "grading," to be explained later in the

course, would be used,
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TRUNKING DIAGRAM OF 1,000 LINE EXCHANGE.

FIG, 12.
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6.4 The axchange contains 1,000 uniselectors, and these are divided into 10 groups of 100,
Each of these groups has access to 10 group selectors, requiring 100 group selectors in
all, If all of the group selectors serving, say, the 200-299 group are taken into use,
then any other subscriber in this group will be unable to mzke a call until one of the
group selectors is released, It is quite likely that one of the 90 other group
selectors sorving the other groups would te free at the same time that congestion con-
ditions are occurring in the 200 group. It will be seen then that it will be of con=~
siderable advantage to give each group of uniselectors access to a larger nunber of group
selectors. In practice, this may be done in two ways =~

(1) Uniselectors with 25 outlet banks.

(ii) Secondary Working. This is illustrated in Fig., 13. Using 10 poimt
uniselectors, each outlet is wired in tandem to a secondury 10 point
uniselector giving access to 10 group selectors, This principle is
used in the Siemens No. 16 system, which is trested in Paper No. 38,
and gives each subscriber access to 100 group selectors, Lssuming
that 10 group selectors would carry the traffic from each 100 lines,
then, by using secondary working, it would be found thut something
less than 100 selectors would be required for the same grade of
service, It is a basic principle of zutomatic telepneny that greater
efficiency in trunking is obtained by increasing tre size of a group,

i ; i ;
5 ]
SUB'S LINES !  FIRST | SECOND | GROUP | FINAL
111000 | UNISELECTOR | UNISELECTOR | SELECTOR | SELECTOR
|
| | '
| — | | |
| ~— ! | i
[ o0 | ! {
" 1 [ ‘
' [ e =
! & | : e R =
| ‘0 | i l = | SUB’S
: or : L =TT = umes
| : ==
| | [ |
[} ! | |
] 1 ] i
| | o
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: i { t
I I : !
{ 1
: gﬂ/ . | . ~ J | |
I 70 OTHER ! 10 OTHER ; }
| SECOND . GROUP | |
UNISELECTOR SELECTORS

SECONDARY WORKING .

FIG, 13.

6.5 Some of the terms commonly used in automatic telephony are defined hereunder -

Trunking is the branch of automatic telephony which is concerned with the provision
and arrangement of switching plent as needed to carry the traffic,

Telephone Traffic, The aggregate of telephone calls passing over a group of circuits
or trunks having regard to their duration as well as their number,

Busy Hour. The hour during which the traffic of an exchange, or the traffic over a
group of trunks, is greatest,

Grade of Service is a measure of the service given from the point of view of sufficiency
of plant. In practice, it is expressed as the proportion of calls which are allowed to
fail during the busy hour, owing to limitation for economic reasons of the amount of
switching plant. /Rank
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Rank of Selectors. The selectors which provide for any one stage of call selection,

Trunk. A connecting circuit between selectors of different rank,

Availability. The number of trunks to which a selector has access on any route. Thus ,
in a 25 outlet uniselector the availability is 25.

Full Availability is the condition under which a selector has access to the whole of the
trunks on a given route,

Limited Availability is the condition under which a selector has access to a limited
number only of the trunks on a given route. The availability is usually limited by the
number of outlets per level in the hunting selector,

6.6 To increase the ultimate capacity of an exchange 10 times, that is, from 10C to 1,000, etc.,
an additional switching stage 1s necessary, and the fact that the two-motign switches are
set up in a definite sequence enables rank numbers to be used. For exampie, in the 100
line exchange one rank of switches only occurs, that is, final selectors; in the 1,000
line exchange two ranks occur, group and final selectors; whilst in the 10,000 line
exchange (4-digit system) three ranks occur, first group selectors, second group selectors
and final selectors, In general, as illustrated in Fig, 14, one rank of switches is
added when the capacity of an exchange is increased 10 times,

UMISELECTOR

(OR LINE FINDER)
FINAL
SELS.

GROUP FINAL
SRELS. SELS,

T0O 9 OTHER
FINAL SEL.
GROUPS

SUBS.

—3
—
= 70 100
—
—

1000 LINE EXCHANGE

134

° GROUP
? o SELS.
°
°
o

10,600 LINE EXCHANGE

5T 2nd 3rd FINAL
GROUP GROUP GROUP SELS.
SELS. SELS. SELS

TO 9 OTHER TO O OTHER TO 9 OTHER
27 SEL, 3rd srL. FINAL SEL
GROUPS GROUPS GROUPS

100,000 LINE EXGHAMGE

FIG, 14. AUTOMATIC EXCHANGE TRUNKING DIAGRAMS.
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The top sketch of Fig. 15 shows pictorially the switches used in an exchange with a
capacity of 10,000 lines where 4-digits are dialled in selecting one subscriber from the
10,000, This sketch also gives a generul idea of the appearance of a two-motion switch,
The mechanism is the same in group and final selectors of the same type, but the reluys
and cowntacts differ, The lower sketch in Fig, 15 shows the asctual position of the wipers
at each two-motion switch on a call to a particular subscriber. The uniselector has been
omitted, but called subscriber's number may be ascertained from this sketch,

CALLING PARTY CALLED PARTY

157 SELECTOR 2Y°seLecToR

Selects Selects
Thousands Tens and Units
Group, (Called Party's
Line.)
& THOUSANDS HMUNDREDS FINAL SELECTOR
4 GROUP SELECTOR GROUP SELECTOR
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Fio0 180 e o8

A CALL THROUGH AN AUTOMATIC EXCHANGE,

What 1s the called subscriberfs number?

FIG, 15.

The number of contacts in a level was determined by the limits of the dial, which can give
a maximum of 10 impulses for the final selector's last digit. As a similar bank is used
for group selectors, the number of contacts searched was thus only 10, but there is no
reason for limiting the contacts available, in fact, there are distinct advantages in mos
installations in increasing the number, and switches are now being used which search two
sets of bank contacts at a time, that is, there are 20 outlets for each of the 10 levels,
Final selectors are also used which have access to two groups of 100 subscribers' lines,

The terms Trunk and Link occur extensively in automatic practice, and refer to the internal
connecting circuits which provide access to common switching equipment. The arrangement
and distribution of switches is referred to as the trunking scheme and, as the trunking
scheme is correlated to the traffic requirements, the trunking scheme will differ for

most exchanges.,

/6.7
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6.7 Why Level 1 is not Allottad. In practice, numbers commencing with the digit 1 (or "A")
are not usually allotted. This is due to the risk of wrong number troubles arising out
of the transmission of a falss impulse, A false impulse may result from the misoper-
ation of the switch hook, breuking the loop circuit and thus sending one impulse which,
in the case of a group selectcr, would erroneocusly step the switch to the first level,
If the level were a working cne the legitimate impulses would operate switches of the
wrong rank, resulting in the conrection to a wrong rumber, When the level is not
allotted, the circuit may bLe arranged to suppress or neglect the single false impulse
and allow the switch to receive the proper train of impulses or, alternatively, the
outgoing trunks may lead to other switches also in the first rurk, thus routing the
proper train to the relative rank, or the outlets from level 1 may be connscted to
number unobtainable tone or to a manual telaphornist, The method employesd will be
determined by the requirements of the areu, It should b2 roted that this roduces the
size of an exchange by 10 per cant,, as there can te only nine workirg levels. from
first selectors, Thus, a 10,000 line oxchange is reduced to 9,000 lines, = 1,000
exchange to 900 lines and a 100 line exchange to 90 lirnes,

7. TEST QUESTIONS.

1. Discuss the necessity for providing tones in ar automatic systoem. Give o iist of the
standard tones and state the furection of each,

2. What are the advarntages of an automatic system over a marnual zystem?

3. Show by means of a sketch the location in & bank of the followirg numbers - 38, O7 and 55,
4, Discuss the relative differences between reverse and forward action switches,

5. In Fig., 12 of this Paper, what is the availability of the group selectors?

6. In that case, is it Full or Limited Availability?
7
8

. What are the advantages and disadvantages of secondary working?
. What is meant by the term "Grade of Service?"
9. fow many ranks of selectors would be provided in a 6~digit system?
10. What function would be performed by the second group selectors in a 6-digit system?

11, What methods are used to meter the subscribers' calls in an automatic exchangs?
12. Why are uniselectors used?

13. Draw a trunking diagram for a 100 line exchange using uniselectors,
14, Why is level 1 of 1st Group Selectors not generally allotted?

8. REFERENCES.
"Telephony,”" Volume 2, Herbert & Proctor (Chapter 2).
Telecommunication Journal of Australia.

Volume 2, No. 3, Page 141 -~ "Principles and Developments in Automatic Telephony" -
W. King,

Strowger Engineering Bulletin.

No. 301 - "Fundamentals of Strowger Automatic Telephony."

END OF PAPER,
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1. INTRODUCTION.

1,1 The uniselector which has been introduced in Paper No. 2 is defined as "a selector
having unidirectional motion". This switch was previously known as a line switch or
a preselector.

1.2 Our first automatic exchanges were equipped with plunger type uniselectors having 10
outlets. As these switches cannot be overloaded without serious risk of double
seizure, it was necessary to provide a comparatively large number of first selectors.
Subsequently, 10 point local secondary uniselectors of the plunger type were installed,
with a resultant increase in trunking efficiency.

1.3 In 1919, 25 outlet rotary uniselectors were introduced as local secondaries, in
conjunction with plunger primary uniselectors. This combination gave the subscribers
a maximum availability of 10 x 25, or 250, first selectors.

1.4 Since 1924, most exchanges installed were fitted with rotary uniselectors as primary
line switches, and, because of the greater traffic efficiency of the rotary switch,

due to its greater availability, the use of local secondaries was rendered economically
unsound.

2. UNISELECTORS - ROTARY TYPE.

2.1 Unlike the two-motion selector, the uniselector has no natural resting place, or
"normal" position. In some cases, special conditions necessitate the return of the
uniselector wipers to a particular position after use. This position is known as a
"home" position, and uniselectors which return to such a position after use are known
as "homing" type uniselectors.

Both homing and non-homing types are in use. In the non-homing type, the wipers may
be standing on any set of bank contacts and the circuit arrangements provide for the
disconnection of the subscriber's line from the circuit upon which the wipers are
standing when the switch is idle, If the circuit upon which they are resting is busy
when a call is originated by this particular subscriber, the wipers automatically move
on until a free outlet is found.
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Mechanically, the uniselector is similar for both types but there is a difference in the
trunking to first selectors. The non-homing uniselector has 25 outlets and the traffic is
distributed evenly over them. The homing uniselector has 24 effective outlets, the 25th
being used as a home position., In this switeh the earlier choices carry the bulk of the
traffic, the second outlet only being used when the first is busy, and so on. Thus, ‘the
later choices are used only for traffic peaks. Because the homing switch commences its
search at the same point for each call, it is possible to "grade" the outlets. The
purpose of grading is to common the later choices of several groups, leaving the early
choices, which carry the heavy traffic, connected to individual trunks. The traffic peaks
are taken by the common groups, and the result of this grading is the reduction in the
number of first selectors required over several groups to an extent of approximately

20 per cent.

For each call made, the homing switch takes 25 steps, or half a revolution, which includes
the search and return to home position. The non-homing switch only steps until a free
outlet is found.

2.2 The specification for subscribers' uniselectors requires that a switch should complete one
hundred thousand half-revolutions without any readjustment and one million half-revolutions
without any appreciable wear. A subscriber's uniselector isg only used intermittently, so
that a long service life is ensured. However, in many applications of the uniselector, a
more continuous operation is required and a stronger switch is necessary. Thus, there is
the need, in the interests of economy and efficiency, for a light duty and a heavy duty
uniselector. Heavy duty uniselectors have been life tested to one hundred million steps
or four million half-revolutions.,

2.3 There are many different types of uniselectors in use in Australia, manufactured by the

various telephone manufacturing companies. About 1928, after a close examination of the

: various types in use, the

British Post Office developed a
standard uniselector (Fig. 1}.
Most of the equipment supplied
by British manufacturers after
1928 used the B.P.0O. No, 1
uniselector, resulting in a
considerable saving in
manufacturing and maintvenance
costs.

The City West (Melbourne)
Exchange, installed in 1938, was
supplied with homing type
subscribers' uniselectors of

the B.G.E., C.3100 type. This
uniselector has several improve-
ments on the B.P.0. No. 1 type,
and was subsequently adopted as
the A.,P.0, standard. It has
since been supplied by various
manufacturers, both local and
overseas.

2.4 B.P.0., No. 1 Uniselector is
generally similar to the

original B.G.E. uniselector.

Two views of the uniselector are
given in Fig. 2., The uniselector
FIG, 1. consists of four main portions -

B.P.0. NO. 1 UNISELECTOR.

(i) The Bank. This is made up of a number of rows each having 25 contacts. The number of
rows or "levels" depends on the circuit requirements. The contacts are spaced radially
and are stampings of hard rolled brass, the direction of grain being along the length.
The bank contacts are insulated by two thicknesses of oiled silk on both sides of
each row. The levels are separated by aluminium spacers placed between them, and these
also act as electrostatic screens to guard aegainst crosstalk between adjacent contacts.

/ Fig. 2.
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The bank used with homing switches has one continuous level, broken only for the home
contact. This 1s usually a single metallic arc, but for special circuit facilities a
twin homing arc can be used. This consists of two metallic arcs insulated from ome
another but forming one level. The bank of contacts is bolted between two mild steel
frames, which are zinc-plated and given a coat of clear lacquer. One end of each’ of
the outer steel plates is bent at right-angles to form a straight strip at each end of
the bank., These are slotted to provide a means of mounting the bank on the rack, and
drilled to enable the megnet assembly to be secured to the bank. A test jack assembly
is attached to the bank in & convenient position.

Associated with the bank assembly are the wiper feed brushes of hard-drawn phosphor-
bronze wire. These can be seen in Fig. 1, and are mounted in such a way that they can
be detached from the bank without necessitating the removal of the bank wiring.

(ii) The Wiper Assembly. The wipers are made of hard rolled phosphor-bronze and. are arranged
in pairs. When the wipers pass over the contacts they wipe on opposite sides of the
same contact. When one end of a wiper is in the bank the other end is outside, as
shown in Fig. 2. Normally, a wiper passes from one contact to the next without causing

connection between them, but circuit requirements frequently
call for a wiper which is capable of connecting adjacent bank

IR\DG\NC lR\DG\NG contacts together for a short period whilst moving from one
contact to the next. Such a wiper is called a "bridging"
wiper in contradistinction to the ordinary or "non-bridging"
wiper. Fig. 3 shows the arrangement of the two types and an

example of a bridging wiper may be seen in the top diagram in
Fig. 2. The wipers are assembled on, and insulated from, a

D} [] brass rotor. Connection to the wipers is made by phosphor-
bronze wire brushes running in collector rings which are
WIPER TIPS, associated with each pair of wipers. An index wheel is fixed
to the wiper assembly and, in conjunction with a fixed
FIG. 3. pointer, shows the number of the bank contact on which the

wipers are standing. The rotor is driven by a 50 tooth
ratchet wheel of aluminium-bronze, a very hard alloy, and revolves on a stationary
shaft of stainless steel which is provided with a lubricant retaining cavity.

(iii) The Frame of the uniselector carries the wiper assembly and magnet assembly, and is
attached to the bank at the top end by two screws. At the other end, the position of
the frame is adjusted in respect to the bank by a mechanism positioning gland, thus
enabling the wipers to be adjusted centrally on the bank contacts,

An adjustable detent spring, attached to the frame, prevents the wiper assembly from
being rotated in the wrong direction and holds the wipers rigid. The frame also
carries the fixed pointer and a label holder.

(iv) The Driving Magnet is a double coil type mounted on the upper portion of the frame. Two
coils, each of 37.5 ohms, are connected in series and are adjustable by means of magnet
adjusting glands. The armature is hinged on a knife-edge and is restored by two
ad justable spiral wire restoring springs which have felt inserts to damp out vibration.
An ebonite buffer, carried on an extension of the armature, is arranged to open a pair
of interrupter contacts when the armature if fully operated. The spark gquench is an
0¢5 BF condenser with inherent resistance. An extension of the armature carries a pawl,
engaging with the ratchet wheel via a pawl spring. The forward and return movements of
the armature assembly, and hence the pawl, are limited by a combined armature lever back
and forward stop, which is adjustable by reason of the slanting stops through which its
fixing screws pass. The downward movement of the pawl is limited by an adjustable
stop.

/ Operation
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Operation of the Uniselector. The basic mechanical arrangement for stepping the wipers is
given in Fig. 4. When the driving magnet is energised, the armature 1s attracted to the
core and the armature lever moves forward, pushing the pawl spring until the pawl slips’ over
the next tooth. The ratchet wheel is prevented from moving by the detent spring. Upon de-
energisation of the magnet the controlling springs push the armature back, causing the pawl
to pull the wipers forward until it comes against the pawl stop {(not shown). The detent
spring slips over one tooth and the wipers move forward one step.

If the driving magnet is connected through the interrupter springs, the current flows through
the magnet until the armature is attracted., When the circuit is broken by the interrupter
springs, the armature releases and steps the wipers, This operation is repeated and the
wipers rotate autometically at a speed of approximately 60 r.p.m. or 50 steps per second.
This is known as a "self-drive" operation.

MAGNET ADJUSTING GLAND

{5 ——]

BANK CONTACTS

ARMATURE—=

-"-;"wll
DETENT SPRING
ARMATURE LEVER

RATCHET

PAWL SPRING

MECHANICS OF THE UNISELECTOR. B.P.0. NO., 1 UNISELECTOR - 6-8 WIPER TYPE.

FIG. 4. FIG. 5.

Light and Heavy Duty Switches. The frame for the B.P.0. No, 1 uniselector is made in two
sizes, the smaller takes 2-5 pairs of wipers and the larger takes 6-8 pairs. The larger
frame will accommodate 10 pairs of wipers if modifications are made to the wiper assembly and
bank., The 6-8 level switch is designed as a heavy duty switch {see Fig. 5). Heavy duty
switches use nickel-silver bank contacts and wipers, and the pawl is much stronger.

Double Search. The uniselector can be arranged to give access to 50 sets of contacts in
lieu of the normal 25. The wipers and their associated bank contacts may be arranged in

WIPERS FOR WIPZRS FOR either of the ways shown in Fig. 6.
CONTACTS {-25 CONTACTS §-25
In each case single-ended wipers are used, and
v v v ﬂ Q Q by arranging the wipers alternately at an angle
Lm { 1 of 180° to each other, as shown in Fig. 6a, only
ﬂ a ‘5 alternate wipers are in engagement with the bank
AT S——— at any given time. Thus, by commoning pairs of
c}',’,“‘;““c?,{?s.so c&'gfg%’%’é_w wipers, it is possible tc’> gbirve access to 50 sets
of contacts. In the second method shown in
(a) (v) Fig. 6b, the right-hand side of the wipers engages

with one bank of 25 contacts and the other half
ARRANGEMENT OF WIPERS FOR 50 CONTACT BANK. engages with the second bank fitted adjacent to

FI1G, 6. the first one. In either case, the effect is the

/ seame
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same and uniselectors of this type are termed "double search" uniselectors.

2.5 A.P.0. Standard Uniselector. This type, as originally installed in City West Exchange, is
shown in Fig. 7. 1n general appesrance, it is somewhat similar to the B.P.0. No. 1
uniselector. It has the same contact bank and brush feed assembly, and is interchangeable
with the B.,P.0O., No. 1 uniselector. In this case it is mounted with the magnet uppermost.

A.,P.O. STANDARD UNISELECTOR.

FIG. 7.
The A.P.0. Standard Uniselector differs from the B.P.0. No. 1 type in the following respects -

(i) A single coil magnet is used. Its resistance is 75 ohms for 50 volt working.
(ii) The armature stroke is adjusted by adjusting the knife-edge armature bearing, instead
of adjusting the magnet coils as in the B.P.0O. No. 1 type.
(iii) The magnet coil and armature assembly are normally fitted in the lower portion of the
mechanism, thus facilitating inspection and maintenance.
(iv) The armature and pawl assembly have been redesigned and the pawl is now close to
the detent spring. There is only one free tooth between the pawl and the detent
spring, so that even if the pawl does overstep, it cannot move the wiper assembly
more than one step. A further advantage is that manufacturing errors in the cutting

/ of
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of the ratchet teeth do not appreciably affect the positioning of the wipers on the
bank contacts. The maximum error is that due to one tooth and not to the cumulative
error of 12 teeth as in the B.P.0. No. 1 switch.

(v) The wiper tips are flared to prevent the wipers locking behind bank contacts in the
event of "backlash" developing during service.

(vi) The pawl backstop is of more substential construction, thus reducing the liability
of breakage.

{(vii) The mechanism frame has been redesigned so as to secure a more compact switch. The
new type mounts on 1-3/4" centres as against 2-1/8" centres for the B.P.O. No. 1
type.

A,P.0. Uniselectors Types 1, 2 and 3. Since the introduction of- the A.P.0. type uniselector,
several modifications heve been made to the switch, mainly in connection with the wiper
feed brushes (see Fig. 8). The original uniselector, now known as the A.P.O. No. 1 type,
had wire brush springs, and these
11089

were found to be prone to the
effects of dust trouble and undue
wear. In the A.P.0. No. 2
uniselector, these were replaced
by pairs of flat phosphor-bronze
springs, tensioned together and
making contact on each side of a
circular disc. These springs
overcame the disadvantages of the
first type, but were difficult to
retension in service, The present
standard uniselector, A.P.0. No. 3
No. 1. No. 2. No, 3. type, uses pairs of nickel-silver
brush springs tensioned outwards
and making contact on the sides

b

WIPER FEED BRUSH SPRINGS. of U-shaped collector rings.
This method minimises the
FIG, 8. possibility of faulty connections

due to dust, and makes retensioning
of the blades relatively easy. However, a special comb tool must be used to hold the pairs
of brush springs together when assembling the mechanism to the bank.

The A.P.0. type switches now being manufactured in Australia are using nickel-silver for
both bank contacts and wipers. The frames are made in two sizes, the first 2-5 (B.G.E.
type C.3500) and the second 6-8 levels (B.G.E. type C.3800), the latter being adaptable to
10 levels, as explained in paragraph 2.4.

B.P.0. Uniselector, No. 2 Type. TFig. 9 shows the two sizes of a new B.P.0. standard switch
known as the No. 2 type. These are heavy duty switches and will be equipped in some
apparatus supplied by British manufacturers. In many respects they are similar to the
A.P.0. No. 3 .uniselector but with the following differences -

{i) A wiper assembly locking device allows the wiper tips to be aligned with the bank
contacts without disturbing the setting of the driving mechanism. The locking
device lies inside the index wheel and is fully accessible for maintenance
purposes (Fig. 10).

(ii) The interrupter striker is a compressed fabric plate, securely riveted to the
striker arm, and cannot become loose due to vibration and other causes.
Ad justment of the interrupter gap is made both positive and easy by providing
the base-plate of the spring-set with a slight camber on its underside (Fig. 11).

Relative adjustment of the two screws securing the spring-set to the yoke brings
the lever spring nearer to, or further away from, the striker without recourse to

/ Fig. 9.
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B.P.0., NO, 2 UNISELECTORS, 2-5 AND 6-8 WIPERS.

FIG. 9,
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WIPER ASSEMBLY.
FI1G. l0.

INTERRUPTER ASSEMBLY.
FIG. 11.
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bending sdjustments. The contact pressure, once set, is not altered during this
ad justment. The interrupter contacts are of tungsten.

(111) A redesigned detent spring has been fitted,
b e with the object of minimising the development of
backlash due to wear of the ratchet teeth. The
old and new petterns are shown in Pig. 12.

CAUSES BACKLASH
W 2.6 Many early types of rotery uriselectors are
still in service and are briefly described
NEW PATTERN below -

E A.E.C. (Chicago) Uniselectgr (Pig. 13) can be

identified by the-following -

DETENT SPRING. {i) The driving magnet is mounted verticelly
below the wiper assembly.

FIiG. 12,
(ii) Extended insuletion pieces are fitted between
pairs of wipers in later deliveries.

(i11) Round-head screws with Americen thread are used.

RETCHET SPRING.
RATCHET wigEL

WPERS
i il_WNIPER-SHAFT
INGICRATOR J - . BEARING SCREW

TENStoN SPRING
ROTARY ARM

MAGNET

ARMRTURE

ARMRATURE
STROKE pDT-
LEVER

BANK RODTUSTIN
SCREW. Ses

A.E.C. (CHICAGO) UNISELECTOR.

FIG. 13.

PAPER NO. 3.
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A.T. and E. {Liverpool) Uniselector (Fig. 14) has the following characteristics -

(i) A single coil driving magnet is mounted horizontally, sometimes at the top and
sometimes at the bottom of the mechanism.

(ii) The wipers are much wider at the tips.
(iii) The ratchet wheel is rather small in diameter.

(iv) A flat armature restoring spring is used. Originally the tension adjusitment was
made by bending this spring. A rocker adjustment was subsequently developed and
adopted as standard.

(v) A wide ratchet wheel was originally used and both pawl and detent engaged in the same
tooth. The detent engages two teeth behind the pawl in later switches. In this
switch and in several other types, the wiper feed forms an extra contact which is
passed over by one end of a pair of wipers while the other end is on the 25th
contact. This increases the load for the armature restoring spring at this contact.
Ordinarily, the action of the switch is not affected but sticking and chattering may
result, and it is partly to avoid this trouble that the B.P.O. No. 1 uniselector was
equipped with the wiper brush feed in a separate alignment from the wipers.

A,T, AND E. (LIVERPOOL) UNISELECTOR.

FiG, 14.
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S.T. and C. Uniselector is very similar to the original A.T. and E switch, but may be

distinguished by its split wiper tips. It is sometimes provided with & leather mounting
to absorb vibration, The uniselector is shown in Fig. 15.

Siemens No. 16 Uniselector (Fig. 16) is a 10 point switeh used as primary and secondary

uniselectors in Siemens No. 16 exchanges. The primary uniselector is a homing switch and
the secondary uniselector a non-homing switch. The driving magnet is not self-interrupted;
it is driven by pulses supplied from machine driven interrupters, which give the
uniselectors a speed of 32 steps per second. Triple-ended wipers spaced at 120° are used,
giving 30 steps per revolution. These switches differ from the types previously:

described in that the "forward" drive principle is used, the wipers being driven by the
pawl as the armature operates.

H

(A\um[nium Spacins Segmenls

Splt Pn (Earth Connecton . o k
o Spacing Segments) \\l 9 "

e

Dnvmg Magne?

Drivmg
# Pawl Front Slop
Bank Clamping Bolls Clamping Collar
Driving M }
Collecting Springs riving Magne
Refammg Spring

Drwving Magnet Connecling Taas

Collecting Spring Tags.

S.T, AND C. UNISELECTOR. SIEMENS NO. 16 UNISELECTOR.

FiG. 15. FIG. 16.

Siemens and Halske Uniselectors are in use in some P.A.B.X's. The types used are 18 point
homing and non-homing switches with single-ended wipers, giving access to 36 circuits;
and a 10 point switch., These switches are also of the forward action type.

2.7 Fig. 17 shows the standard grephical symbols for uniselectors,

/ Fig. 17.
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3. SUBSCRIBERS' LINE CIRCUITS (ROTARY UNISELECTORS).

3.1 Circuit Principles. In Paper No. 2, the principles of automatic switching have been
explained, uniselectors being used for reasons of economy of switching plent and the
addition of a renk of group selectors being necessary for every digit added to the
exchange numbering. A trunking diasgrem of a 4-digit exchange is shown in Fig. 18.

10,000 LINES 1000 LINES 100 LINES
LABLE AIABLE AVAILABLE
F‘Ngll HERE f?xou HERE FROM HERE

{sv
G

©, ROUP SEL.
%
o
(-]
0° 709
OTHER
GROUPS
OF 2vo.
SELS.

TRUNKING FOR A 10,000 LINE (4-DIGIT) EXCHANGE.

TO 100
JUBS.

FIG. 18.

In calling tenders for asutomatic exchenge equipment, circuits which are standard at the
time of issue of the tender are published and these indicate the principles to be
employed and the ecircuits which are favoured. The circuits given in this Course are
standard circuits, but the details of the circuits may vary in different exchanges.

A study of the standerd circuits will form a sound basis from which the operation of
any similer circuit cen quickly be appreciated.

When studying circuits, method is important end as far as possible the scheme to be
adopted here will be to give, firstly, the purpose of the circuit; secondly, the
functions the cireuit is regquired to perform; and, thirdly, details of how the
circuit provides these functions.

A complex eircuit can be divided into a number of small component ecircuits whieh in
themselves are simple end easily recognisable. With an understanding of these
circuit elements, the complete circuit, although complicated, is simplified.

Before proceeding to the description of subscribers' line circuits, some of the terms
used in describing circuit operation will be defined -

$1) Line Wires. These are the two wires which form the speaking channel between
o subscribers. Inside the exchange they are called the negative and

positive wires and, in meny circuits, they are shown in heavy lines for
clearness.

(ii) Private Wire (P Wire). 1Inside the exchange, the line wires have
asgociated with them a third wire called the private wire, which servés two
purposes -

{a) It acts as a guard wire to indicate whether.a switch is busy or
free. In this respect, it is similar to the sleeve wire in a
multiple manual exchange.

{v) It acts as a holding wire. This means that certain relays which must
remein operated throughout a call are ccnnected to the private wire
and are energised as long as an earth is connected to it. Removal
of this earth causes the relays to release and the selectors restore to
their normel positions. The private wire is socmetimes called the release
trunk on this account.
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(iii) Transmission Bridge is the point from which the subscribers are supplied with
current for their transmitters. It is usually of the "Stone" type, consisting of
relays and condensers as in Fig. 19a. The "Hayes" bridge (Fig. 19b) is rarely used
in automatic circuits.
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TRANSMISSION BRIDGE.

FIG. 19.

(iv) Busy Condition. This is the condition put on the private wire of an outlet when
that outlet is in use., In most cases, an earth potential is connected to the P
wire to indicate the busy condition.

(v) Fres Condition., The disengaged condition of a circuit.

(vi) Hunting Action. This is the act of searching for a free outlet and consists of an
automatic rotary action which steps the wipers past busy contacts, and which
ceases only when a free outlet is found or when the whole of the outlets have been
tested.

(vii) Testing. While & selector is hunting, the private wires of the outlets passed over
are "tested" for the busy condition and the circult conditions are such that the
wipers will stop when a free contact is reached but will not stop on busy contacts,

Automatic telephone exchange apparatus consists essentially of two parts, individual
apparatus and common apparatus. The subscriber's uniselector, for example, is individual
apparatus when one is associated with each line, The primary duty of a uniselector is to
connect the subscriber's line to & group selector. All group selectors and final selectors
are common apparatus because (with certain exceptions) they may be used by any of the
subscribers connected to the exchange.

3.2 Functions of Subscriber's Line Circuit. A subscriber's line circuit is the circuit of all
apparatus which is individual to that line, and in a uniselector exchange includes the
L and K relays and subscriber's meter as well as the uniselector switch. The functiomns
of a subscriber's line circuit using rotary uniselectors are =-

(i) Hunts for and seizes the first free outlet upon the lifting of the subscriber's
receiver.

(ii) Guards the selected outlet from intrusion.
(iii) Guards the calling party's line from intrusion.

(iv) Keeps the wipers disconnected during hunting, thus preventing interference with
contacts over which they are passing.

(v) Extends the calling party's line to the switch ahead for the next stage of
operation, and removes all "bridges" from the line wires.

/ (vi)



TELEPHONY ITII. PAPER NO. 3.
PAGE 15.

(vi) Prepares the circuit of the calling subscriber's meter for ultimate operation
when the called party answers.

(vii) When release conditions are applied -

{a) Releases itself and disconnects the wipers from the contacts on which they
are standing (non-homing type).

(b) Releases itself and returns the wipers to the home position (homing type).

3.3 Non-Homing Type Uniselectors. The switch mechanism is similar for both homing and non-
homing types, but & continuous contact level is not required for the non-homing type.
Also, on a call incoming to the subscriber
associated with the uniselector, it is necessary
in a non-homing switch for the circuit to the
wipers to be disconnected, and this is usually done
by half operating the contacts of the cut-off relay
in the line circuit. This requires a special
interlocking arrangement of the armatures of the
line (L) and cut-off (K) relays. Fig. 20 shows
the special type of relays used in some exchanges.
The relays are mounted below the uniselector on the
same mounting plate,

The armatures of the relays are fixed one on
‘either side and move horizontally inwards when
operated., The armature of the K relay may be seen
in Fig. 20, It pivots on two projections which
fit into corresponding slots in the mounting plate
and is held in place by the control spring. A
vertical bar projecting from the armature controls
the springs which are mounted on top of the relay
unit. The L relay mechanism is similar to that of
the X relay but, as the coil is mounted below the
K relay, the vertical arm from the L relay
armature controlling the L relay springs is

MECHANICAL LATCH AND considerably longer than the arm of the K relay
FACE PLATE ON L AND K RELAYS. armature.
FIG. 20. The circuit conditions of the non-homing type of

uniselector demand that the K relay should operate
fully only if the L relay is already operated, otherwise on an incoming call the
subscriber's line would be connected to the wipers of the uniselector which are always
standing on contacts leading to the next renk of switches. If the L relay is not
operated then the XK relay must break its normally made contacts but must be prevented
from maeking its normal break contacts. To meet these requirements, the mechanical latch
has been designed. With this latch in the position shown in Fig. 20, thet is, with the
I relasy de-energised, the projection on the armature of the K relay is level with the
end of the mechanical latch which prevents the armature making a full stroke when the K
relay is energised., If, however, the L relay is energised first, its armature pressing
against the shorter side of the latch raises the longer end and permits the K relay to
operate fully if energised.

/ Circuit
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Circuit Operation - Subscriber's Line Oircuit (Non-Homing Uniselectors). ¥Fig. 21 shows a
typical subseriber's line gireuit using a 3-level non-homing type uniselector and

arranged for booster battery metering. Part of a group selector circuit is included fer
explanetory purposes.
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Qutgoing Call. When the subscriber lifts the receiver to originate a call, current flows via
contacts K2 and K3 to operate relay L. (See Figs. 21 and 22.) L2 earths the final selector
multiple P wire, marking the subscriber's line busy. Contact L1 makes before L2 and places a
short circuit around relay K to prevent it operating prematurely. Assuming that the outlet on
which the wipers are standing is marked with the busy condition, that is, earth on the P wire,
then the drive magnet is energised via its interrupter contacts, L1 operated and K1 normal to
the busying earth encountered by the P wiper (Figs. 21 and 23). This circuit is broken when
the interrupter contacts open, and the wipers are stepped on to the next outlet. Should it
be busy, the drive magnet is again energised and the wipers stepped until a free outlet is
reached. This will be free of earth on the P wire and relay K, being no longer shunted,
operates in series with the drive magnet. (The magnet does not operate in series with

relay K.) I
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FIG., 22. FIG. 23.

To prevent the possibility of relay X operating when the P wiper is passing from one contact
to the next, a bridging private wiper is used. Note that the line wipers are non-bridging,
and are disconnected during hunting to prevent
interference to conversations proceeding on

the contacts passed over.

The operetion of relay K switches the negative,
positive and P wires through to the first group
selector (Figs. 21 ard 24.) The subscriber's

loop operates the group selector A relay, and
contact Al completes a circuit for the operation
of relay B, the contact of which returns an earth
on the P wire to hold reley K operated after
contact L2 opens. The circuit of relay L is
opened at K2, but it will release slowly to allow
time for the operation of relays A and B in the
group selector. The combined operate lags of

gﬁé&onp -1f' . relays A and B are approximately 30 mS, and the
MULTIPLE P .0 copper slug on relay L gives it a release lag of
3001k ee® B approximately 100 mS. Placing the slug on the
armature end of the core makes it slow to
= operate, and this ensures uniform release lags
even if the wipers are standing on a free outlet
du when the receiver is lifted.
DRIVING
MAGNET
- Dial tone is supplied to the caller from the
=i first selector and the required number mey then
be dialled. An eerth is maintained on the P
IR TV wire for the durstion of the call and when the
FIG. 24. subscriber réplaces the receiver, this earth is

/ removed.
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removed. Relay K releases, disconnecting the wipers at K2 and K3 and reconnecting
relay L.

Incoming Call (Fig. 25). When the subscriber's number is called from a final selector,
assuming the line to be free, an earth is connected on the P wire, and relay K is
FINAL operated in series with the drive maegnet. The
SELECTOR = stroke of relay K is limited on these calls by
P the mechanical latch, so that all contacts break
“} """" but no contacts make. Thus, relay L is disconnected
from the line but no connection is made to
1300 | K negative, positive or P wipers,

dM Fault Conditions., On an outgoing call, should

the selected outlet be faulty, no holding earth is
DRIVE returned on the P wire and relay K releases when L2
MAGNET opens. Relay L reoperates, reoperating relay K

and the cycle is repeated, relays L and K

"chattering”. This can result in much inconvenience

= to a subscriber, particularly when the exchange is
unattended. In homing type circuits, next to be
INCOMING CALL. considered, these faults do not deprive a subscriber
of service, as the switch will step-on over
FIG. 25. "open-circuit trunks".

3.4 Homing Type Uniselectors. Non-homing type uniselectors have several points in their
favour ~

(i) Traffic is distributed evenly over the outlets.

{(ii) Wear on the uniselector is reduced to a minimum. (In the homing type, the
wipers step over 25 contacts for every call.)

(iii) A1l 25 contacts may be wired to first selectors. {(Only 24 outlets are available
from homing type switches.)

(iv) The esdditional homing level is not required, as in the homing type.
(v) Less battery consumption.
The advantages of the homing type are -

(1) The outlets may be graded. This results in a saving of up to 20 per cent. in the
total number of first selectors required.

(ii) Will step-on over open-circuit trunks.

(1i1) The mechanical latch and face plate on the line and cut-off relays are not
required, and conventional types of relays may be used.

{(iv) It has been found that a homing type switch is less liable to contact troubles
than a non-homing type. This is due to the cleaning action of the wipers on the
bank contacts.

/ For
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For the above reasons, homing type uniselectors are preferred, and are now the standard
type for subscribvers' line circuits.

Fig. 26 shows a typical subscriber's line circuit using e homing type uniselector.
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FiG. 26.

Circuit Operation on Outgoing Call. This is similer to the operation of the non-homing
circuit, except that the wipers are normally resting on the home contact, and must be
stepped on to the first outlet before beginning to test. Also, at the completion of the
call, the wipers must be driven to the home contact and an additional wiper and bank level
are provided for this purpose.

When the subscriber 1lifts the receiver, current flows through relay L which operates. The
driving magnet is connected to the private wiper via contacts L1 and K2. The home or No. 1
contact of the private bank is connected to the private wire, and earth from L2 {which is
applied after L1 has operated to short-circuit X) completes the circuit of the driving
magnet which in opereting causes the switch to step from its home position to the first
outlet and to search for a non-earthed contact. The earth at L2 also causes the calling
line to test busy at the final selector bank. When a free contact is located, the short-
circuiving earth on relay K no longer exists, and K operates to switch the negative,

/ positive
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positive and P wires to the selected first selector,

When the subscriber's loop is switched to the first selector, the relays in the first
selector operate to return an earth on the P wire, and when, after a short interval, relay
L releases, this earth holds relay K operated,
l These conditions prevail until the call is completed
when the earth is removed from the P wire and relay
K releases. A homing drive circuit is completed for
the magnet through its interrupter contact, L1 and
h K1, to earth on the homing arc, and the switch self-
drives until the homing wiper moves from the earthed
HOMING homing arc and the switch comes to rest in the home
ARC position (Fig. 27).

Incoming Call. An earth is extended over the P
t]:j wire from the final selector to operate relay X,
= as before. In the homing circuit, a mechanical
latch is not necessary; relay K operates fully and
HOMING DRIVE. extends the lines through to the wipers. These,
FIG. 27. however, are standing on the home contacts, which
P are not multipled, so there is no interference to

DRIVE
MAGNET

the incoming call,

Fault Conditions. On an outgoing call, should the selected outlet be faulty, relay X
releases when L2 opens. Because relay L is slow to operate, the switch commences to home
drive until relay L reoperates. The reoperation of relay L, after a few steps have been
taken, interrupts the drive and the next free outlet is seized. Thus, the call may be
completed without inconvenience to the subscriber.

3.5 All Trunks Busy. In both non-homing and homing type circuits, if all outlets are busy when

a subscriber lifts the receiver, the wipers rotate continuously until such time as an
outlet becomes free, or until the subscriber replaces the receiver. To prevent undue wear
on uniselectors, the circuit may be arranged to prevent this condition when all trunks are
busy. In earlier circuits each outlet is provided with a "chain" relay which operates
when the trunk is busy. When thé last free trunk is taken into use, the contacts of the
chain relays complete the circuit of a "Group Control" relay (Fig. 28).
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The operation of the group control relay removes earth from the K relay contacts of all
lines connected to that group and replaces it with busy tone through a condenser. Thus,
operation of relay L is prevented when the subscriber lifts the receiver and busy tone is
heard in lieu of dial tone,

This arrangement is rather unsatisfactory, due mainly to faults in the chain contacts.
Also, rearrangement of trunking entails changes in the chain wiring. In the latest
circuits, a more satisfactory scheme is used and the circuit is designed to stop the
wipers at the 25th contact if all outlets are busy, and busy tone is given to the caller.
The 25th contact is not wired and the lst contact is the home position, so that only 23
outlets to first selectors are available.

3.6 Metering of Calls. The circuits described have been arranged for "Booster Battery"
metering. When the called party 1ifts the receiver, relay operation in the final selector
causes the earth potential on the P wire to be replaced with 50 V positive battery for a
short period (approximately 300 mS). Referring to Fig. 29, which shows the relative
circuit elements, relays B and J in the final selector operate when the switch is seized.
Relay D operates when the called subscriber answers and applies the booster battery to
the P wire.

SUBS. LINE CIRCUIT GROUP _SELECTORS FINAL SELECTOR

I .

) ]
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METER 1300 | K
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-

4

S0V BOOSTER

I BATTERY
i
-

BOOSTER BATTERY METERING .

FIG. 29.

The operation of relay D opens the holding circuit of relay J, which releases slowly

and replaces the booster battery with earth. Thus, the booster potential is applied to

the P wire during the release time of relay J. The contacts of relays D and J are make-
before-break units to avoid disconnecting the P wire during operation, which would allow
holding relays to release. A 50 ohm resistor is included in the booster battery lead to
prevent sparking at these contacts, and short-circuiting the booster battery while they

are changing-over,

Subscribers' meters are adjusted to not operate on 25 mA and to operate on 35 mA, there-
fore, the meter will not operate when the P wire is earthed, but when the booster battery
is applied to the P wire the potential across the meter is raised to 100 V and it
operates. It will hold operated for the duration of the call, and there is no

/ possibility
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possibility of more than one operation of the meter for each call,
Reverse Battery Metering. This is an earlier method and utilises the reversal of current

which is given to the calling line when the called party enswers, primarily used for
supervisory purposes.

By including a polarised relay in the first group selector circuit as in Fig. 30, the
reversal of line current is used to operate the subscriber's meter.
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FIG. 30.

Relay F will not operate on the 1,300 ohm winding alone nor with the current in the 11.5
ohm winding in the normel direction. When the line current is reversed (from the final
selector) the two windings assist and relay F operates. Contact F1 shunts the 11,5 ohm
winding and relay F will hold on the 1,300 ohm winding for the duration of the call, The
32 ohm shunt on the line winding is to provide a low impedance path for impulsing and for
speeking on calls where no reversal is given (Service Enquiries, etc.).

Contact F2 connects negative battery through a protective resistance to the M wire of the
trunk; the subscriber's meter is operated via an additional M bank and wiper on the
uniselector and a contact of relay XK. In this system also, the meter will remain operated
for the duration of the call.

In some exchanges, the polarised relay is not included in the first selectors but in the
trunk, that is, "Trunk Metering Relays". The operation is similar to that shown in Fig. 30.
In the first exchanges installed in Australia, a polarised meter was used in lieu of the
polarised relay. However, it was found to be unsatisfactory owing to the difficulty in
obtaining the necessary marginal adjustment of the meter.

/ Positive
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Positive Battery Metering. ¥Fig. 31 shows the circuit arrangements for positive battery
metering which is now the standard method.
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FIG. 31,

A metal rectifier in series with the meter prevents it operating to a negative potential on
the P wire. When the called subscriber answers, a positive battery pulse is applied to

the P wire from the final selector and the rectifier conducts, allowing the meter to
operate., The meter releases at the end of the pulse, therefore "Multi-metering" is
possible, although not in use in Australia to date.

An advantage of positive battery metering is the absence of critical marginsl adjustments,
which were necessary on the meters in booster battery metering and on the polarised relays
(or meters) in the reverse battery method.

The contact of relay K, in series with the meter and rectifier, removes the earth from the
rectifier when the circuit is not in use, preventing a possible break down of the rectifier
elements. In some circuits, the rectifier is included in the trunk, so that fewer rectifiers
are required, and an additional M bank and wiper are necessary on the uniselector. The
present standard circuit has the arrangement as shown in Fig. 31, using more rectifiers,

but simplifying the uniselector., Also, there is no possibility of false operation of the
meter under fault conditions.

The final selector circuit in Fig. 31 is similar to that shown for booster battery metering
but the make-before-break contacts are superseded by change-over units. The rectifier
maintains a holding eaerth on the P wire during change-over of the contacts, and does not
shunt the positive battery. A4 50 ohm resistor in the positive battery lead protects the
relay contacts against accidentally applied earths, and also prevents heavy sparking at
uniselector P wipers, which may occur when the wiper bridges a contact carrying positive
battery to an adjacent earthed contact.

/ 3.7
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3.7 Subscriber's Line Circuit, Positive Battery Metering. In the earlier homing type cir-
cuit, the final selector bank multiple of the line is not completely guarded during
the release period after an outgoing call, earth being disconnected from the private
trunk for a brief period to allow relay K to release. The present standard circuit
(Fig. 32) guards the subscriber's line during the whole of the release period. The
homing arc is "split", that is, it is made up of two insulated metal segments, which
are bridged by the wiper while the switch is "off normal".
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Note. 1. The O and 24th Contacts of the Uniselector are not wired to Selectors.
FIG. 32,

Qutgoing Call. The subscriber's loop allows relay L to operate. L1 makes before L2,
short-circuits relay K, and prepares the drive magnet circuit. L2 earths the final
selector P wire, and completes the circult for the drive magnet to make its first
step, when hunting and testing begin. At the first step, earth from the homing arc
busies the final selector multiple contacts.

/The
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The switch hunts and at the first free outlet relay K operates, being no longer short-
circuited by earth on the P wiper. The operation of relay K switches the line and P wires
through to the first selector, L2 maintaining the earth on the P wire until earth is returned
from the first selector. X5 opens the homing circuit and X3 prepares the circuit of the
subscriberts meter. The switch will step-on over open-circuit trunks, as described in
paragraph 3.4, and the circuit is not unguarded during this operation.

At the completion of the call relay K releases, and a homing drive circuit is completed via
K5 and L1 normal to earth on the bridged homing arc. The switch self-drives until the
wipers are resting on the home contacts. During this time the line circuit is guarded from
intrusion by earth from the homing wiper and bank.

All Trunks Busy. The 24th outlet is not wired to a first selector, but is arranged so
that if all 23 outlets are busy the wipers are stopped on the 24th contacts and busy tone
is given to the caller. The 24th P contact is not wired so that relay K operates and
switches through the lines (see Fig. 33).

BUSY
TONE

'l‘ 8T a } CONGESTION
METER

ALL TRUNKS BUSY.

FIG. 33.

Relay L is held operated over the negative bank and wiper in series with the subscriber's
loop to earth via the positive wiper and bank and the 25 ohm winding of a common BT relay
(one BT relay per 50 lines). L2 (Fig. 32) maintains the holding circuit of relay K. The
operation of relay BT connects busy tone to its 150 ohm winding, being induced into the
25 ohm winding and so heard by the caller. BT2 extends an earth for the operation of a
congestion meter, used for measuring the overflow traffic in each group of lines.

condenser Alarm, Break down of a spark-quench condenser causes overheating of the
associated uniselector magnet and consequent fire risk., A condenser supervisory relay CS
(one per 50 lines) operates and gives an indication on the exchange alarm system in this
case,

Incoming Calls. Earth from the final selector is extended via homing wiper and home
contact to operate relay K in series with the drive magnet.

/ 4.
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4, PLUNGER UNISELECTOR (KEITH LINE SWITCH).

4,1 As mentioned earlier, our first Automstic exchanges were equipped with Plunger type
uniselectors of the Keith type. These were used both as primary and secondary
uniselectors in subscribers' line circuits and in later installations served as primary
uniselectors in conjunction with rotary type secondary switches. This latter scheme
is in use in many busy A.E.C. (Chicago) exchanges, including City North {Sydney), Carlton
{Melbourne) and Central (Perth). There asre several types of Plunger uniselectors but
the "two-coil" type will be described as it is used in Australia more than other types.

4.2 Fig. 34 shows a plunger uniselector and bank.,
PLUNGER ARM.
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PLUNGER UNISELECTOR AND BANK.

FIG, 34,

The complete uniselector consists of a line relay and a cut-off relay, the latter having
two armatures, one of which (the outer) is known as the plunger armature, and the other
(the inner) as the bridge cut-off (B.C.0.) armature. The line relay is slugged at the
armature end, hence is slow acting. The cut-off relay has two windings, one referred to
as the "pull-down" winding having a resistance of 45 ohms, the other of 1,200 ohms is
the B.C.0. winding. The pull-down winding, when energised, will operate both armatures,
but the B.C.0. winding can only operate the B.C.0. armature, although it will hold

both armatures if previously operated by the pull-down winding.

/ When
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When the subscriber lifts the receiver to make a call, the line relay A operates and
closes the circuit of the pull-down winding of the cut-off relay B. Both armatures of
relay B, therefore, are operated and the plunger is
forced into the bank operating the contacts shown
(see Fig. 35). The B.C.0. armature disconnects
relay A, and relay A being slow to release, holds

the circuit of the pull-down winding of relay B
closed until the B.C.0. winding is energised from
the switch ahead. Ten sets of bank contacts are
arranged in a horizontal plane in the arc of a circle.
These contacts connect the subscriber through to a
two-motion selector when the plunger enters the bank.

PLUNGER UNISELECTOR BANK, .
When a call comes in to the subscriber, the B.C.O.
FIG. 35, winding of relay B is energised, operating the

B.C.0. armature but not the plunger armature, thus
cutting the line relay out of circuit and clearing the line. The uniselectors are
mounted one above the other, in groups of 25 switches and a rod running the length of
the group engages the plungers by fitting in the smell niche in the fan-sheped end. Each
plunger is pivoted on the plunger armature, so that as the rod moves around the arc of a
circle it will carry all the plungers associated with it. When a plunger enters the
bank, it is disengaged from the rod, or guide shaft, and when any uniselector in a group
plunges, the shaft moves one step, carrying the remaining plungers to a position
opposite the next free outlet,

4,3 Master Switch. The movement of the guide shaft is controlled by a "Master Switch", as
shown in Fig. 36. The master switch steps the guide shaft on every time a plunger
operates, until the plungers associated with it are opposite a free trunk., After
reaching the last outlet, the master switch then sweeps the shaft back to the normal
position, thus picking up on the way all the plungers which have released since its last
such action. This is called a "Pick-up" movement.

MASTER SWITCH AND PLUNGER GUIDE SHAFT.

FIG. 36.
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Fig. 37 shows & master switch demounted from the uniselector unit. The power for moving the
master switeh from trunks one to ten is supplied by the solenoid. The movement from trunks

ten to one is the period during which it selects trunks. A "U" spring furnishes the motive

power during this period.

SOLENOID
MAGNET

SOLENOID
PLUNGER

U SPRING

LEVER

GOVERNOR
LOCKING

SECTOR

SHAFT

FINGERS

FINGER SPRINGS
OPEN MAIN TRIP RELAY

RELAY
MASTER SWITCH.

F1G. 37,

That part of the mechanism which holds the plungers in position and transmits to them an
oscillatory motion is called the shaft (plunger guide shaft). Rigidly fixed to this shaft
are the locking sector and the governor driving sector with No. 1 trunk finger and No. 10
trunk finger. The solenoid plunger through its arm is attached to the governor driving
sector. The U spring is held between two U spring posts, one of which is a part of the
frame and is stationary, while the other is part of the governor driving sector and is
movable., These parts, namely, solenoid plunger, U spring, plunger guide shaft, locking
sector, governor driving sector with No. 1 trunk finger and No. 10 trunk finger are
definitely fixed mechanically and their motions are correlated.

The armature of the locking magnet carries a locking arm (lock lever), which is normally
engaged with one of the notches of the locking sector, but when the magnet is energised
the locking arm is lifted and the sector is free to move in either direction. The notches
of the locking sector correspond in number with the bank contacts or the trunks to the
next succeeding switches, so that the locking arm in & given notch means that the trunk

/ corresponding
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corresponding to that notch is unoccupied and all the plungers of the idle uniselectors
are in front of it ready to plunge in should a subscriber make a call, When this trunk,
say, No., D5, is seized, a plunger enters the bank, the locking arm is lifted and the
locking sector moves counter-clockwise, moving the shaft and all free uniselectors with
it, until the next idle trunk is found and the locking arm re-engages the locking sector.
When the last notch is reached, No. 1 trunk finger closes two springs called the finger
springs preparing the circuit to the trip relay. The trip relay energises on the next
call and closes tne circuit to the solenoid. The solenoid plunger is now pulled in and
the locking sector, as well as the plunger guide shaft, moves in a clockwise direction.
The spring contacts of the trip relay are held closed by its own locking spring until the
solenoid plunger has been pulled in far enough, so that the 10th notch of the locking
sector has just passed the locking arm when the No. 10 trunk finger comes against the
locking spring and sllows the trip relay springs to return to normal and re-energise the
solenoid., The motion of the locking sector is again placed under the force of the U
spring, the speed being controlled by the governor between the limits of 105 and 110

cycles per minute.

The idle trunk is preselected, and, without any testing or hunting, the plunger of a
calling switch enters its bank when the receiver of the calling telephone is lifted.

The master switch bank (not shown in Fig. 37) is an auxiliary bank composed of two rows
of stationary contacts (10 in each) corresponding to the 10 trunks in the switch banks.
These banks are located at the top or bottom of each group of switch banks.

The master switch wiper, which is attached to the guide shaft and is always engaged with
a set of contacts on the master switch bank, has the same relative position on this bank
that the switch plungers (which are engaged with the guide shaft) have with respect to
the switch bank, One master switch wiper and one master switch bank are used with each
master switch,

It 1s common practice to mount 100 uniselectors on one side of a frame, and these may be
controlled by one master switch, or by two or four master switches, according to the
density of the traffic.

4.4 Circuit Operation - Plunger Primary Uniselector. A schematic circuit of a plunger
uniselector and associated master switch is given in Fig., 38. The functions performed
are -

Plunger Uniselector.

(i) Operates the plunger, casusing it to enter the bank and extend the caller's loop to
the switch ahead.

(ii) Disconnects the subscriber's line equipment when receiving incoming calls,

(iii) Causes the master switch to drive away other plungers, so that privacy on the
seized trunk is assured.

(iv) While in use, extends esrth from switch ahead to final selector multiple to
mark the caller's line busy.

Master Switch.

(i) Keeps shaft with plungers engaged in such a position that all idle plungers will
be held opposite an idle trunk.

(ii) Prevents any uniselector from operating while the master switch is moving.
The circuit operation is described below -

Uniselector. The calling loop completes the circuit of the line relay A vis normal
contacts B2 and Bl to supervised earth.

/ Fig. 38.
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Contact Al closes the circuit of the pull-down coil of the cut-off relay from supervised
earth to open main battery via contacts of relay D (master switch circuit). The plunger
operates, extending the calling line to the first selector (or secondary uniselector) via
the plunger uniselector bank contacts. The B.C.0. armature also operates and Bl and B2
open the circuit of the line relay, which releases slowly. An earth returned on the P wire
from the switch ahead holds the B.C.0. and plunger armatures operasted when Al, opens.

This earth is extended to the final selector multiple to mark the caller's line busy.

Metering of Calls. Reverse battery metering is used, trunk relays C and D being provided
for this purpose. When the uniselector plunges, relay C is operated on its 2,700 ohm
winding in series with the subscriber's meter and uniselector bank M. The meter will not
operate in series with the 2,700 ohm coil of C.

Polarised relay D has its 11,5 ohm winding connected in the negative wire of the trunk
and its 1,300 ohm winding is energised from the earth on the P wire. When the call has
been set up and the called party answers, the line current is reversed by the final
selector and relay D operates., D2 connects the 100 ohm winding of relay C in parallel
with its 2,700 ohm coil, allowing the subscriber's meter to operate. Relays C and D,
and the meter remain operated for the duration of the call,

Release of Uniselector. When the caller's loop circuit is disconnected, earth is
removed from the P wire and allows the cut-off relay to release both B.C.0. and
plunger srmatures, The plunger is removed from the bank, and the line relay is
reconnected at Bl and B2.

Incoming Calls, Earth extended from the final selector multiple energises the cut-off
relay on its 1,200 ohm winding, operating the B.C.0. armature. The plunger armature
does not operate and the plunger remains under the control of the master switch guide
shaft.

Master Switch. When a uniselector plunges, the operation of the trunk relay C causes
an earth to be placed on the upper master switch bank contact and master switch relay C

operates.

Cl (master switch circuit) operates the locking magnet B which disengages the locking lever
from the locking sector, allowing the plunger guide shaft to be rotated so that the plungers
are standing opposite the next idle trunk.

B2 operates the open main relay D to disconnect open main battery from the group,
preventing uniselectors plunging while the master switch is operating.

Bl operates the supervised earth relay SG which extends earth to a delayed alarm circuit.

When a free trunk is reached, relay C restores, releasing the locking magnet, which
causes the movement of the locking sector and guide shaft to be arrested by the locking
lever,

When the plungers are standing opposite No. 1 trunk, the trunk finger closes the finger
springs and when this trunk is taken into use, the trip relay A is operated together
with the locking magnet from supervised earth via Cl operated.

The armature of the trip relay is held operated mechanically until the plungers are
brought back to No. 10 trunk. A2 completes a holding circuit for the locking magnet
and Al completes the solenoid circuit. When the master switch reaches No. 10 trunk,
the trip relay is restored opening the solenoid circuit and the master switch will
search for the first free trunk, and the locking magnet releases.

/ 4.5
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4.5 Rotary Secondary Working. TFig. 39 shows a trunking diagram of rotary uniselectors
arranged as secondary line switches, interworking with plunger primary uniselectors.
A group control circuit operates when all outlets from a secondary group are busy.

PLUNGER ROTARY
PRIMARY SECONDARY
UNISELECTOR UNISELECTOR

> TO {oT
>~ SELECTORS

TO OTHER
SECONDARY
GROUPS

PLUNGER PRIMARY AND ROTARY SECONDARY WORKING.

FIG. 39.

The functions of the circuits are -

Secondary Uniselector.

(i) Wwhen switch is seized, returns earth to hold plunger engaged, guards calling
subscriber's line from intrusion, and busies master switch bank.

(ii) Hunts for and seizes the first free outlet, and while searching prevents
interference with trunks over which the wipers are passing.

(iii) Extends the calling line to the switch ahead and removes all bridges from the
line wires.

(iv) When release conditions are applied, releases itself and disconnects the wipers
from the contacts on which they are standing (non-homing).

Group Control Circuit.

When all outlets are busy -
(i) Artificially busies all free secondary uniselectors serving the busy group.
(ii) Extends busy tone to any subscriber held in busy group.

(iii) Prevents continuous rotation of wipers.

(iv) Extends an earth pulse tc the master switch "pick-up" relsy, causing the master
switeh to operate and pick-up idle plungers.

(v) Meters a2ll trunks busy condition and overflow calls,

/ Circuit



TELEPHONY IIT. PAPER NO. 3.
TR PAGE 33.

Circuit Operation - Secondary Uniselector (see Fig. 40). When the primary uniselector
plunges, relay A of the secondary switch operates via Bl normal, negative line wire,
subscriber's loop, positive line wire, B2 normal, to earth from the group control
circuit S5 normal.

AZ returns an earth on the P wire to hold the plunger engaged and busy the final
selector and master switch bank contacts.

A1, operating before A3, complctes the drive magnet stepping and testing circuit via the
interrupter contacts, Al operated, B3 normal to the P wiper. The switch hunts until
a free outlet is reached,

Absence of earth on the P wiper allows relay B to operate from earth via A2 and A3 to
battery through the drive magnet. Bl and B2 switch the line wires through to the first
selector, B3 holds the B relay operated from earth returned on the P wire when relay A
releases after its slow release period. B4 extends the P wire from the first selector
back to the plunger uniselector for holding and guarding purposes.

At the release of the connection, earth is removed from the P wire and relay B releases,
restoring the circuit to normal.

Group Control. Each outlet from a rotary secondary switch is provided with & chain relay
wired to the P wire. The contacts of these relays 2re connected in series to form a chain.

When all 25 outlets are busy, the operated chain contacts complete the circuit of relay S
and the group busy lamp. Sl operates the all trunks busy meter. S2 completes the
circuit of relay O, which operates extending an earth to the P wire of all free rotary
secondary uniselectors serving that particular group of 25 outlets via normal A2 and

B4. S5 disconnects earth from the positive leg and connects busy tone, removes the shunt
from relay ¥, 7,850 ohms, which operates in series with the caller's loop and completes
the overflow meter circuit if a call has been switched in while the group control is
functioning. Relay A does not operate in series with 7,850 ohms and the switch does not
hunt.

S2 also opens the normally operated circuit of relay M, 2,500 ohms. Relay M is slow to
release and, during its slow release period, earth is extended via operated M1, S3, and
pick-up test panel press buttons to the E relays of all master switches serving that
group of rotary secondaries (see Fig. 38). The E relay of the master switch operates
and locks up on its second winding to supervised earth via operated El and normal Al,
Relay E is released when trip relay A operates. E2 operates locking magnet B and holds
it energised until the wipers reach No, 1 trunk, wheén trip relay A operates completing
its own locking circuit and restoring the wipers back to Trunk No. 10 under control of
the solenoid,

This allows all free plungers to be picked up by the shaft, preventing their plunging on
busy groups.

The operation of a fuse serving a rotary secondary group completes the circuit of relay P.
Pl on operating closes the circuit of relay O busying all rotary secondary uniselectors.

4.6 Improvements in Plunger Uniselectors. With the plunger uniselectors previously described,
the plunger is released from the bank at the conclusion of a call, but is not re-engaged
with the master switch guide shaft until the next pick-up movement. This can result in
much inconvenience to subscribers who may become connected to a faulty trunk,
especially in periods of light traffic, Also, there is a possibility that two
uniselectors may simultaneously plunge and seize the same trunk, that is; "double
plunging".

/ Fig. 40.
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Self-Aligning Plunger. In later units these disadvantages have been overcome. The "self-
aligning" type of plunger uniselector (Fig. 41) is arranged to re-engage the plunger guide
shaft immediately it becomes released from the bank.

ROLLER
ASSEMBLY

RESTORING
ARM SPRING

PLUNGER
ARMATURE

CENTRE OF
GUIDE SHAFT
PIvoT

PLUNGER
GUIDE SHAFT

SELF-ALIGNING PLUNGER.

FIG, 41.

The self-aligning action of the plunger is accomplished by means of two arms, independently
pivoted to the bearing hub of the plunger and normslly held in close parallel relationship
with each other by means of a spiral spring. The tips of the two restoring arms are fitted
with insulated rollers, which normally engage opposite sides of the tongue or spline of the
plunger guide shaft, this being wide enough to include the line of travel of the plunger
when it enters and releases from the bank, Consequently, the plunger will normally be lined
up with free trunks as the plunger guide shaft is moved by the master switch,

/ When
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When the plunger is engaged in the bank, as shown in Fig. 41, one arm is in contact with one
side of the plunger skirt stop and the other arm is in contact with the opposite side of the
guide shaft spline as the guide shaft is stepped around, The spiral spring allows the two
arms to spread and when the plunger releases from the bank, the two arms are drawn together.
As the arm in contact with the plunger skirt stop is the one which is free to move, it carries
the plunger with it until it comes in contact with the guide shaft. Thus, the plunger is
lined up with all other free plungers of the group.

Circuit Improvements. As shown in Fig., 42, the operating earth for pull-down coils is
connected in a chain circuit. With this arrangement, if more than one line relay of the
same group operates at one time, the operated relay nearest the earth end c¢f the chain
extends an earth to the pull-down coil, at the same time opening the chain circuit to other
switches, Therefore, double plunging can not occur.
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In the earlier circuit (Fig. 38) the calling subscriber is not guarded at the final
selector multiple contacts until the uniselector plunges and earth is returned from
the switch ahead, The new circuit earths the P wire immediately relay L operates
from contact L2. The B.C,0. winding is energised when the plunger operates via
contacts actuated by the plunger armature.

The pull-down magnet on the new switches is self-protecting, in case the circuit of
the magnet is accidentally closed for an abnormal length of time.

5. MINOR SWITCH.

5.1 Another mechanism of the same type as the uniselector is shown in Fig. 43. This is
known as a minor switch and is usually associated with a bank of 10 contacts-and has
a release magnet as well as an operating magnet, the release taking place by the
wipers moving backwards to normal, which incidentally necessitates that the shape of
the wipers and tips should be the same as in a two-motion switch and not as in a
uniselector, The operation is on the forward action principle and is not self-
driven, This type of switch is used for a number of auxiliary purposes such as
impulse registers, distributors, etc.

A.T.M, COY., MINOR SWITCH.

FIG, 43.
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6. TEST QUESTIONS.

1. State the functions of a uniselector.
2. Why are uniselectors used?

3. Describe briefly the main points of difference between the Rotary Uniselector and the
Plunger Uniselector.,

4, What is a bridging wiper and why is it used?

5., Give a brief description of the operating principle of uniselectors.

6. What are the differences between homing end non-homing uniselectors?

7. Why is a divided level used in the homing arc of some uniselector circuits.
8. Describe a uniselector contact bank.

9. Why is it desirable that Plunger Uniselectors be self-aligning?

10. Explain the principle of Booster battery metering, giving a circuit of the operating
conditions.

11. Write brief descriptions of four types of uniselectors.
12. How may a uniselector be converted to provide 50 outlets?
13. What are the main differences between heavy and light duty uniselectors?

14, Describe the special features of the line and cut-off relays used with non-homing
uniselectors,

15, What are the functions of a Master Switch?
16. By what means is the Plunger Uniselector Guide Shaft moved over the contacts?

7. REFERENCES.
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1. INTRODUCTION.

1.1 The two-motion selector is the fundamental unit in automatic switching systems used
by the Department. Its development since first being patented by Strowger in 1891
forms practically the history of automatic telephony. The first switches installed
in Australia were similar to that shown in Fig., 4 of Paper No, 2 of this Book.

By that time (1912), the form of the switch was well established and subseguent
changes were more in the nature of refinements. Some of the mein changes that have
taken place since are -

(i) Elimination of the side-switch.

(ii) Use of cast-iron instead of Britannia-metal for the selector frame.

{iii) Horizontal mounting of the relays.

(iv) Use of a dust cover for each switch.
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2. STROWGER TWO-MOTION SELECTOR.

2,1 This Paper will provide a description of & typical mechanism of the switeh which is in
general use throughout Australia, The switches described are those manufactured by-
the Automatic Telephone and Electric Co. (Liverpcol). Switches menufactured by other
firms differ only in detail, the principles remaining the same.

Fig. 1 shows two views of switches (at about one-third actual size) with horizontal
type relays. In later types the switch mechanism is similar to that shown, but 3,000
type relays are used. The switch mechanism (comprising the frame, shaft, vertical,
rotary and release magnets and incidental details) is secured to a mounting plate at
the top of which are fixed the controlling relays. It will be noticed in Fig. 1 thst
the number of relays differs in the two switches. This is because the switches perform
different electrical functions, although the common main mechanical functions are that
each switch must lift the wipers to a particular level, rotate them around the bank and
finally allow them to return to their normel position. The bank contact assembly is
fastened to the base of the switch.

(a) Group Selector. (b) Final Selector.

STROWGER TWO-MOTION SELECTORS.

FIG, 1.
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Figs. 2 and 3 are two views of the switch mechanism with the various details marked.

The bank rods on which the benk is fitted may be seen in Figs. 2 and 3 and it is
suggested that each detail be located before proceeding with the description of the
switch function. Fig. 4 gives a simplified view of the various switch mechanism details.

2.2 Mechanics of Vertical and Rotery Actions. The wiper or switch shaft is provided with two
ratchets which may be seen in Figs. 2, 3 and 4 -

(i) The upper or vertical ratchet provided with conical teeth cut at
right-angles to the axis of the shaft. The pawl of the vertical
magnet armature acting on this ratchet lifts the wipers to the
vertical level required.

(ii) The lower or rotary ratchet (hub) consists of a cylinder on the outside
of which are cut teeth parallel to the axis of the wiper shaft.
These may be seen on the shaft in Figs. 1, 2 and 3, but as they do
not extend around to that part of the cylinder normally seen from the
front, they cannot be seen as clearly as the teeth on the vertical
ratchet.

The rotary magnet armature pawl (see Fig. 4), which acts in the teeth of the rotary
ratchet, rotates the wipers to the particular set of contacts required in the selected
level.

The direction of rotation of the wiper shaft, under the action of the rotary magnet, is
such that the wipers move from left to right. When the wiper shaft returns to normal
after operation it rotates in the opposite direction under the influence of a shaft
restoring spring.

The Stationary Detent. This detent may be seen in Figs. 3 and 4 and consists of a steel
stamping securely fastened to the switch frame and provided with two projections. The
lower projection serves as a rest for the extension of the vertical magnet armature pawl.
The upper projection enters a slot cut in the vertical ratchet parellel to the axis.
During the vertical action the projection does not affect the movement of the shaft, but
immediately the wipers cut into 2 level the projection comes into contact with the
underside of one of the vertical teeth and supports the weight of the shaft but does not
impede the rotary motion. On release, the shaft rotates, still supported by the
stationary detent, until the slot reaches the projection when the shaft falls back to
its normal position under the action of gravity. Fig. 4 indicates the relationship of
these parts.

Double Detent. The double detent or dog is shown in Figs., 2 and 4. It also has two
projections and is pivoted on a vertical axis., Normally, it is held away from the shaft
by the release link, a hole in the end of which engages a small vertical projection on the
double detent. On the first vertical step the release link is raised by the armature of
the vertical magnet, and the double detent, under the action of the double detent spring
(shown in Fig. 2), engages the teeth on the shaft. After each vertical step, the upper
projection of the double detent slips into the root of the tooth, supporting the shaft
until the next step occurs. When rotation commences, the duty of preventing the shaft
from falling is trensferred to the stationary detent. The lower projection of the double
detent, by engaging with and riding over the teeth of the rotary ratchet, prevents the
shaft from rotating backwards after each step. When the shaft has been stepped up and
around by the actions described and the wipers thereby brought on to the particular set
of contacts desired, the shaft is held in this position by the double detent and the
stationary detent.

An arrangement which has certain advantages is the division of this double detent into
two separate detents with individusl restoring springs, one controlling the vertical
holding and the other the rotary holding. The positions of the separate detents
correspond with that of the double detent shown in the diagrams. This arrangement
facilitates ad justment of the detent and reduces wear, / Fig. 2.
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2.3 Release Magnet., The relesse magnet is shown in Figs. 2, 3 and 4., The magnetic circuit
of the release magnet is completed by the soft-iron yoke (the release magnet frame shown
in Fig. 3) which is brought around the magnet coil and is terminated in two lugs in
order to support the armature. Thege lugs fit loosely into two holeg in the armature
(see Fig. 2) which is held in place by means of the release armature restoring spring;
this spring also serves to pull the armature away from the core of the release magnet
when it is de-energised. A brass residual plate is usually fitted to the release
armature.

SHAFT RESTORING
VERTICAL OFF-NORMAL
SPRING - SETIN SPRING

RELEASE ARMATURE
STATIONARY DETENT RESTORING SPRING

>, RELEASE
O f e ARKTORE

VERTICAL RELEASE
MAGNET (V) MAGNET (2)
VERTICAL SLOT
PAWL DOUBLE DOG
OR DETENT
YERTICAL
RATCHET RELEASE LINR
ROTARY , . — |E
MAGNET (R) ROTARY RATCHET
WIPER SHAFT
ROTARY
ARMATURE

7
g3
vee
e ] ZUZ:
LEVELS { $22°53 gLce
PR~ AN | 24227
o3 veee
wiprRs —se==E8 =
S

MECHANICS OF THE TWO-MOTION SELECTOR.

FIG. 4.

The normal position of the armature may be adjusted by means of the release armature

ad justing screw at its upper end (see Fig. 2). A longer screw, called the release
armature pin, fitted at the lower end of the armature strikes the double detent when the
release magnet operates, This causes the small vertical projection on the double detent
to be engaged by the release link, thus disengaeging the ratchet and allowing the shaft
to return to normal and locking the double detent in its normal position, that is, free
from engagement with either ratchet.

The reason for providing this latch is that after one call is terminated the switch may
be seized for another before the shaft has reached its normal position., This would
cause the release magnet to de-energise and, if the double detent were not locked away
from the shaft, it might engage the teeth of the ratchet before the shaft had fully

/ released.
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released. This, in turn, would mean that the switch would not start its vertical motion
from normal and a wrong number would be obtained. In most switches, however, circuit
arrangements prevent the switch from being seized until it has fully restored to normal.,

2.4 The Cup Spring Assembly. In the description of the wiper or switch shaft, it was stated
that a spring is supplied to rotate the wipers clear of the bank when the shaft is
released after a call. This spring must have the same restoring tension on all levels
but no impeding effect upon the vertical motion of the shaft, and the cup spring assembly
designed to meet these requirements is shown in Figs, 2 and 3, whilst the restoring
spring itself may be seen in Fig. 4. This spring is of the type used for the main spring
in watches and is placed inside a circular cup. One end of the spring is fixed in a saw
cut in the cup, whilst the other is secured in a similar manner to the cup spring bracket.
This bracket fits loosely on the shaft but is held in position by the cup and by the normal
pin bracket (Fig. 2) immediately below it. It is, however, capable of rotation relative
to the shaft. Actually, the cup spring bracket is prevented from rotation by the normal
post fastened to the switch frame which passes through an elongated slot. During the
vertical motion the cup spring bracket will rise as if fixed to the shaft, but it will not
move during the rotary motion and therefore acts as if it were fixed to the frame. As the
cup is secured to the shaft by means of a screw, the spring is wound up during rotation.
On release, it will unwind and restore the shaft to the normel position. Immediately
below the cup spring bracket, and held in place by the normal pin bracket, is the normal
pin which lies in a groove cut in the shaft. The initiasl tension given to the cup spring
causes the shaft to rotate in a counter-clockwise direction until the end of the longer
side of the normal pin presses against a turned up lip on the cup spring bracket (see
Fig. 2). The actual position of the shaft when this occurs, that is, the normal position,
can be adjusted by loosening the screw of the normal pin bracket and sliding the shorter
end of the normel pin in or out.

2.5 Vertical Motion., Fig. 5 indicates how the vertical motion of the switch takes place.

Veréical Magnet

. Securing Screw.
Vertice/ Mogret
Positioring Gland,

“_\ :4(

Vertics !
Magnet

Veréicol:
Armature

Annaﬁq? Spring

legse Lin.
Veréical Armeture Mook
Double Detent.
Pawl (a) Armature Normal. (b) Armature Operated.
HOW THE SHAFT AND WIPERS ARE LIFTED.

FIG, 5.

The vertical magnet consists of two coils, only one of which is visible from the side
(see Fig. 5). These coils are secured to the switch frame in such a manner that they mey
be raised or lowered by means of the adjusting screws and glands. This provides an easy
method of ad justing the emount of travel of the vertical armeture. The vertical armature
is hinged to the switch frame at the rear end, and at the outer end carries a pawl by
means of a horizontal spindle., A small spiral spring is fastened to the armature and to

/ the
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the pawl tending to force the point of the pawl into engagement with the vertical ratchet.
When the vertical magnet is energised, the armature moves upwards and the spiral spring
causes the tip of the pawl to move outwards until it strikes a vertical tooth and starts
to 1ift the shaft. At the end of the stroke the armature strikes the magnet coreg and

the upper surface of the end of the pawl comes into light contact with a projection on the
front of the switch frame. If the switch is properly adjusted, the motion of the vertical
armature is checked by the vertical magnet cores and almost simultaneously the vertical
pawl meets the projection. When the magnet coils are de-energised the armature is
returned to its normal position by a steel restoring spring riveted to it. The tension of
this restoring spring may be adjusted by means of a "T" shaped screw, the head of which
fits into a groove cut in the spring.

It has been explained that the double detent is normally held away from the shaft by
means of a release link which is lifted when the first vertical step takes place. This
is accomplished, as shown in Fig, 5, by means of a lug on the armature of the vertical
magnet .

2.6 Rotary Motion. The method adopted for converting operations of the rotary magnet into
rotary steps of the wiper shaft is shown in Fig, 6.

ROTARY MAGNET
SECURING SCREW

ROTARY MAGNET
POSITIONING GLAND

IR o A R i
NTTT

ROTARY ARMATURE,
RESTORING SPRING

F-ROTARY MAGNET

ARMATURE
BEARING

AMOMNN
ROTARY PAWL
FORWARD STOP ‘

ADJUSTING SCREW O > T

SPRING
ROTARY PAWL

ROTARY ARMATURE ROTARY PAWL 2 O

BACK STOP FORWARD STOP
T . ROTARY DETENT
TARY PAWL
GUIDE SHAFT
(a) Normal Position of Rotary (b) Rotary Armature
Magnet Armature. Full Operated.

HOW THE WIPERS ARE ROTATED.
FIG. 6.

The system employed is similar to that used for the vertical movement., With this method,
two ad justable stops are provided, one serving as a back stop to the armature and governs
the distance between the tip of the pawl and the tip of the teeth when the rotary magnet

is de-energised. The other stop serves as a guide to the rotary pawl and, when the magnet
operates, it affects the point of contact between the pawl tip and the rotary teeth. The

/ front
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front stop, as shown in Fig, 6, is screwed to the freme and is adjusted to prevent
overstepping., The forwerd stroke of the pawl should be sufficient to ensure that the
double detent drops over one tooth at each rotary step. The rotary magnet coils and the
ad justable rotary back stop and rotary pawl guide may also be seen in Figs. 2 and 3.

2.7 Mechanically Operated Spring-sets. It is usually desired that certain electrical contacts
should be mechanically operated at various stages of the switch operation. . These
mechanical spring-sets include off-normel springs, eleventh step or cam springs, rotary
interrupter springs, ratary off-normal springs and normal post springs. Any or all of
these types of springs may be fitted on the same switch., For example, in Fig. 1, off-
normal springs, cam springs and rotary interrupter springs may be seen on the group
selector,

Off-Normel Springs. This actual spring assembly will depend on the particular circuit
requirements. In the case shown in Figs. 2 and 3, there are two long moving springs
tensioned to make contact normally with smaller and fixed springs. A bell-crank shaped
piece, termed the off-normal lever, pivots on a screw, the head of which may be seen.
The horizontal arm of this lever rests under the longer arm of the normal pin and the
weight of the shaft normally presses down on it thus separating the off-normal contact
springs. During the first vertical step, however, this weight is removed and the spring
tension allows the contacts to make,

Eleventh Step or Cam Springs. Immediately below the rotary ratchet of the shaft in Fig. 2
may be seen a small sleeve secured by means of two screws which also serve to attach a
small cam plete to the shaft. If the duty of the switch is %o search over the contacts

to find a free outlet, and if all contacts in the level are busy, the shaft will make an
eleventh rotary step. The cam is adjusted so that it causes the cam spring assembly
contacts to operate whenever this eleventh step is made.

Rotary Interrupter Springs. On the left-hand side of the switch in Fig. 2 and the centre
of Fig. 3 just below the back stop of the rotaery magnet will be seen a projecting arm with
an insulated bushing at the end., This is attached to the armature of the rotary magnet
and projects to the front of the switch until it is level with the top of the moving
member of the rotary interrupter springs. When the rotary magnet operates, the rotary
interrupter arm moves with the srmature and opens the rotary interrupter spring contacts.
The arm must be adjusted (for circuit reasons) so that the rotary interrupter spring
contacts are opened near the end of the stroke of the rotary magnet armature.

Rotary Off-Normal Springs. These springs are operated on the first rotary step of the
switch shaft. Their position and method of operation will be given when circuits in which
they are used are being discussed.

Normal Post Springs. These springs are fastened to the normal post parallel to its axis,
and are operated by the cup spring bracket when the wipers reach a certain level.

Release Magnet Springs. This spring-set is operated during the time that the release
magnet armature is operated.

2.8 Wipers. In Figs. 2 and 3 the two wiper assemblies are shown in their correct normal
position., Each wiper assembly consists of a hub which is fastened to the shaft by means
of a screw. Each hub carries two flexible springy brass wipers which, whilst giving
sufficient spring tension to secure good contact with the bank, must not be so hard at
the contact points to unduly wear the bank contacts. A projection from each wiper is
brought out at the back to serve as a wiring tag. The wipers are insulated from each
other and from the hub by means of insulating collars and washers, A fibre plate
completes the assembly which is rigidly fastened together by a nut. The fibre plate has a
second hole through which the wiper cords are passed in order to take the strain off the
soldered connections.

2.9 Test Jack. On the right-hand side of the bank position of the switches in Fig. 1 is an
assembly of six springs and insulation pieces fastened to the switch base. The four
springs to the front serve as the test jack of the switch, the top spring being connected
to the negative line, the second to the positive line, the third to the private wire and
the fourth to earth. The two springs to the side are provided in order that a lamp may

/ be
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be fitted when required to give a2 visual indication of the occurrence of certain
specified circuit conditions.

2.10 Contact Banks. Fig. 7 shows the details of a line contact bank. In Fig. 72 will be seen
a single row of contacts, which are stamped from hard rolled brass. The black section is
the insulation which is made of empire cloth and phenolic plate to give a high value of
insulation resistance. The complete bank is shown in Fig. 7b, ten contact levels being
clamped between two steel plates. Each plate has two holes through which pass the bank
rods when the bank is assembled on the switch.

(b) Complete Bank Assembly.

CONTACT BANK.
FIG. 7.

The private bank is similar in construction to the line bank but single contacts are
employed. In group selectors, an eleventh contact is necessary on each level of the
private bank for operation of a congestion meter when all outlets in the level are busy.
Banks having eleven contacts per level are now standard for all switches, the eleventh
position being used for testing purposes in masny cases. In later banks, an aluminium
spacing plate is placed between levels, the plates being bonded to act as screens
against electrostatic induction between adjacent levels,

The rear end of the bank contacts are notched and tinned to facilitate wiring, and are
staggered to left or right (see Fig. 7a) to minimise the possibility of faulis occurring.
A bank is generally known by the number of contacts it contains. Thus a privete bank is
a 110 point bank and & line bank a 220 {or 200) point bank,

/ Fig. 8.
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Fig. 8 shows the line and private banks in position on a switch, The banks are threaded on
the two bank rods on which they are held in place by bank rod collars. The ends of the
bank rods pass through holes
in the switch base to which
they are fastened by nuts.
To remove a switch from the
bank, it is necessary for
the bank rod nuts to be

TEST JACK removed., Spare banks are
supported by brackets to
which the bank rods are
fastened.,

Connections to the wipers
— BANK ROD are made by flex}ble'w1per
COLLAR cords, as shown in Fig. 8.

The banks of group selectors

—LINE BANK are permenently wired in sets
of ten and are wired to a
terminal assembly. Loop
multiple wiring is used, the
line wires being suitably
twisted,

2.11 Mounting of Switches.
Group selectors are usually
mounted on shelves, as shown
BANK MOUNTED ON SWITCH. in Fig. 9. Twenty switches
may be mounted on a shelf

and six shelves are fastened
one above the other to form a
rack or bay. With this type of switch two bays are mounted back to back with a space in
between to permit technicians to work. A set of two bays completely assembled is called

a selector trunk board.

FIG. 8.

MOUNTING OF GROUP SELECTORS.
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Final selectors are usually mounted on shelves fitted at the rear of uniselector boards.
Fig. 10 shows a side view of a 100 line unit equipped with plunger uniselectors and the

e : SR TERMINAL
ASSEMBLIES

FINAL
SELECTORS

PLUNGER
UNISELECTORS

PLUNGER
UNISELECTORS

100 LINE UNIT.
FIG. 10,

associated final selectors.

Owing to the possibility of
faulty switch operation

being caused by dust settling
on the contacts, each switch
is protected by a metal
cover, as shown in Figs. 9 and
10. The two sides of the top
of this cover fit closely to
the mounting plate of the
switch.,  The bottom is open
and rests on the base of the
switch to the rim of which a
narrow piece of felt is
fastened to make a dust-proof
joint. A metal plate is
pleced at the back of the
mounting plate to prevent dust
passing through the relay
mounting holes. In addition,
every effort is made to keep
exchanges free from dust and
the floor is kept well
polished; in many exchanges
some means of dust extraction
is used to ensure that the
ventilating air is free from
dust.

2.12 Switch Jack. Referring
to Fig. 9, it may be seen

that between each two switches
is a small upright member
fastened to the horizontal
shelf angle irons. Smeall
projections are fixed to these
uprights and the switches

are hooked on to these
projections by means of slots
in the sides of the mounting
plate (bayonet mounting).

Electricsl connections to the
switches are made by a special
type of jack fixed to the
middle horizontal of the
shelf frame. These jacks may
be seen in the spaces from
which the switches have been
removed in Fig. 9. A suitable
form of male jack is fastened
to the back of the switch,
To remove & switch it is
necessary only to unfasten the
two nuts which secure the bank
and to lift the switeh upwards
and outwards clear of the
projections and of the jack,

/ Fig. 11,
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Fig. 11 shows a switch jack.
N CObllThC'\' 20 M\LSI. APPROX.

e BATTY LBUSY
EARTH CONDENSER  spARK L _pgigase SIGNAL
QUENCH
CONDENSER

SWITCH JACK SHOWING NUMBERING OF CONTACTS AND TYPICAL CONNECTIONS.

FIG, 11,

2.13 The conventional circuit symbols associated with the two-motion selector are given in
Fig. 12, Mechanically operated contacts are designated by a code letter. as indicated in
the following table -

Maximum
Function of Assembly Coding | No. of Remarks
Springs
Verticel Off-normal Springs N 8 Subject to combined "N" and "NP"
springs not exceeding 11.
Rotery Off-normal Springs NR 3 Subject to combined "NR" and "S"
Contact springs not exceeding nine.
Units
Eleventh Step Springs S 9 Less "NR" springs when required.
Release Magnet Springs Z 4 Subject to combined number of "NR"
and "S" springs not exceeding nine.
Vertical Detent Springs DD 3 Cannot be used simultaneously with
Z springs.
Verticel Magnet Springs v 2
Rotary Magnet Springs R 4
Normal Post Springs NP 4 Subject to combined "N" and "NP"
springs not exceeding 11.
Rotary Release Magnet RZ 2
Springs

The operation of Vertical Detent Springs, Verticel Magnet Springs and Rotary Release
Magnet Springs has not been described as they are not in common use in this country.

/ Fig. 12.
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$. GROUP SELECTOR CIRCUITS.

3.1 The group selector has been introduced in Paper No. 2 of this Book. In the Strowger
system the same circuit is used for 1lst, 2nd, 3rd, etc., group selectors, with the
exception that dial tone is fed from lst selectors only. Also & supervisory lamp may
be fitted to some selectors, when required.

Fig. 13 shows.the circuit of a group selector using Strowger relays.

|™,
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3.2 Functions.

GROUP_SELECTOR CIRCUIT (C.711, SHEET 1).

FIG. 13.

The functions performed by this switch are -

(i) Returns dial tone to the calling party when it is seized from the previous

(i1)

(1i1)

switeh (1lst selectors only).

Returns guarding and holding earth on P wire.

Steps the shaft and wipers vertically under the contrel of the calling

party's dial,

At the end of the impulse train, steps the wipers into the level reached and
hunts for and seizes the first free outlet in that level.

Prevents interference with circuits over which the wipers are passing during

hunting.

Guards the seized circuit from intrusion.

Extends the calling party's line to a switch in the next rank.

/ (viii)
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{viii) Should all outlets in the level be busy, connects busy tone to the caller, and
operates an overflow meter.

(ix) When release conditions are applied, releases itself without interference to other
circuits.

(x) Provides a supervisory alerm -

() If it is seized and dialling does not take place (permanent loop conditions).
Only provided on lst and incoming selectors.

(b} If the switch fails to release due to a mechanical fault when release
conditions are applied.

3.3 Circuit Operation. {The simplified circuits in this paragraph should be studied in
conjunction with Fig. 13.)

Switch Seized. (Fig. 14.) When the circuit is seized, relay A is operated over the
calling subscriber's loop via D2 and D3 to earth via S2 and B3. Al completes the circuit
from earth at D1 for relay B, which operates and at B2 earths the P wire to hold the
connection., B3 connects dial tone to the calling line in the case of lst selectors; in
other group selectors the dial tone common is wired to earth. Bl prepares the impulsing
circuit of the switch,

r D2

-—

“~%i_< F—{
o3 [
o~
FROM
PREVIOUS { $ B -
Swi < Switch Seized -
. Al\s) } A operates.,
A . DIAL TONE B operates.
" 3 OR EARTH  private wire earthed.
.
[ B o /

SWITCH SEIZED.
FIG, 14.

Impulsing. (Fig. 15.) Upon the receipt of dial tone, the subscriber will proceed to dial
the required number and relay A responds to the train of impulses received.

Dl
Caller Dials
.;l B A impulses,
C operates.,
Vertical magnet operates.
800 18 < N springs operate.
3 i E operates and locks.
::[: YERTICM.
= MAGNET

IMPULSING.
FIG, 15.
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Relay B receives current during the make periods of the impulses, and l.0lds during the
break periods because of its copper slug.

During the break periods of the impulses, a circuit is completed for the vertical magnet
and relay C in series via Bl and Al normal to earth at DL. Relay C operates first and,
being slow to release, holds during the disl make periods when it receives no current.
The vertical magnet restores after each impulse, stepping the shaft and wipers to the
dielled level.

The vertical off-normal contacts operate during the first vertical step and N1 completes
the circuit of relay E to earth via B2 and Cl operated. E operates and locks up via Rl
normal and El operated to esrth at DL (Fig. 16).

C releases.

‘L Di
B2 i " “\2
a Rotary magnet operates.

‘ [«
£2 E releases.
E Rotary magnet releases.
[ 210 )5
ROTARY
MAGNET

At End of Impulse Train -

L

CUT-IN.

FIG. 16.

Cut-In. {Fig. 16.) After the last impulse of the train relay C releases slowly, completing
the circuit of the rotary magnet via E2 operated, Cl normal to earth at B2. The rotary
magnet operates, stepping the wipers on to the first contact of the level dialled.

Towards the end of the rotary armature stroke its interrupter contact (Rl) opens,
releasing relay E, E2 opens the rotary megnet circuit and the magnet restores.

This is known as a "Cut-in" action and is entirely automatic. It is followed by a hunting
action to find and seize the first free outlet in the level.

Hunting and Testing. (Fig. 17.) Assuming that the first outlet is busy, relay E re-
operates to the earth on the P wiper via D4, Rl and Nl. Relay E locks via El as before
and E2 completes the circuit of the rotary magnet. The wipers are stepped to the

second outlet and reley E releases, its circuit being opened at the interrupter contacts.
The rotary magnet restores and the second outlet is tested.

This cycle of operstions continues until a free outlet {one with no earth on the P wire)
is reached. The hunting speed when the switch is in correct adjustment is not less than
33 steps per second.

During hunting, relay D is shunted by the earth on the P wiper, and because that wiper is
non-bridging, the shunt is meintained while the magnet is operating by contact El. The

/ test
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test on the P wiper is made when the rotary interrupter contacts remske, and, if no earth
is encountered, reley D operates in series with relay E via N1, Rl and S1 to earth at BZ.
Relay E does not operate under this condition (see Fig. 17).

BUSY
I TRUNKS
4

On Busy Outlets -

E reoperates.,

Rotary magnet operates,
E releases.

Rotary magnet releases.,

R
! o]

HUNTING AND TESTING.

FIG, 17.

Switching Through., The operation of relay D switches the caller through to the selected
trunk, the through conditions being shown in Fig. 18.

Relay A releases, and the circuit of relay B is opened at Dl. Relay B releases slowly,
and 2t B2 meintains a holding and guarding earth on the P wire until it is returned from
the switch ahead. Relay D remains operated for the duration of the call.,

Release., At the end of the call earth is removed from the P wire and relay D releases.
D1 completes the release magnet circuit (Fig. 19) via D1, Al and Bl normal, N2 operated to
release alarm battery. The release magnet operates and the switch restores.

When the switch reaches the normal position the N springs restore, opening the circuit of
the release magnet.,

The alarm circuit is necessary to give an indication when the release of the switch is
mechanically prevented, otherwise a burn out of the release magnet would be likely and a
fire possibly started, Its operation will he described later in this Book.

/ Fig. 18,
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A1l Qutlets Busy. (See Fig. 20.) In this case, the hunting continues until the wipers
reach the eleventh bank contact, when the eleventh step contacts (S) operate. S2 comnects
busy tone earth to the caller. Sl prevents the operation of relay D,

Relays A and B remain operated until the caller replaces the receiver and the release
circuit is completed as before,

An overflow meter may be wired to the eleventh contact of each bank level to indicate
traffic congestion. This is opersted from battery through the E relay, N1, Rl and D4 to
the P wiper. Relay E does not operate in series with the 1,300 ohm meter,

D2
"
{ BUESY TONE
TO ARTH
CALLING < $2
SUB.
- —r At the Eleventh Rotary Step -
D3 S springs operate.
®e Busy tone connected to caller.
®
P D4 P [ Overflow meter operated.
c"--IT‘ —v ®
;D
B2 o®
Ry

OVERFLOW
METER

rm

Ni
E3

ALL OUTLETS BUSY.

FIG, 20.

Spark Quenches. For clearness, all spark quenching devices have been omitted from
Figs. 13 to 20. The vertical and rotary magnet circuits, which each have a resistance
of 46 ohms, are quenched with a 1 uF condenser and 200 ohm resistor to earth., The
release magnet, of 100 ohms, is shunted with a non-inductive winding of 500 ohms.

To prevent sparking at the rotsry interrupter contacts, relay E is shunted with a non-
inductive winding of 1,300 ohms.

Several contact springs in the circuit are fitted with platinum contacts. These will be
shown in a later circuit using 3,000 type relays.

Relays. The following table lists typical information regarding relays in the group
selector circuit -

/ Code
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Operate Operate Release

Code Title Type of Relay Current Lag Lag
(ma) {mS) (ms)

A Impulsing Impulsing Fast 20 8 8
B Guard Heel Slug, 1-1/2" 15 12 350
c Impulse Control Heel Slug, 11/16" 116 15 150
D Wiper Control Ordinary Fast 27 50 3
E Test Fast 100 8 4

In some switches the Wiper Control relay is coded "H" and the Test relay "G",

3.4 Seizure Before and During Release. On the release of a connection, earth is removed from
the P wire and the selector releases. The release action consists of three operations -

(i) Release lag of relay D (approximately 3 mS),
(ii) Operate time of the release magnet (approximately 15 mS).,

(iii) The time required by the switch to restore out of the bank and drop verticelly
to the normal position. This time varies from a minimum of about 44 mS when the
switch is standing up one and in one to a maximum of approximately 142 mS when the
switeh is up ten and in ten.

During all of this time, the circuit is unguarded and may be seized by a searching selector
of the previous rank, the possibility rising with increase in traffic density. If seized
during the first 18 mS, relay A operates and
- D2 release is prevented. An outlet in the level
X on which the wipers are standing is seized
and this results in the caller obtaining a
wrong number.

A

\ Should the circuit be seized after the

P o - ) release movement has commenced, operation of
relay A prepares the vertical and rotary

B2 magnet circuits and allows the possibility of
{ .

their operation, This has lead to the
discovery of switches with the shaft off-
normal and the wipers caught between bank
levels,

This inherent weakmess in the circuit rests
on two factors -

(i) The P wire is not earthed though the
switch is off-normal,

(ii) Reoperation of Relay A, which opens the
B3 release magnet circuit.

In later circuits, these conditions are
DIAL prevented by the eddition of a spring-set
TONE associated with the release magnet, and
operated by the release magnet armature.
PART OF GROUP SELECTOR CIRCUIT The spring-set may be fitted to existing
WITH RELEASE GUARD. circuits, as shown in Fig. 21. It will be
seen that the P wire is earthed via Z1 when
FIG. 21. the release magnet operates; at the same
time reoperation of relay D is prevented.
The circuit of relay A is opened so that its operstion is prevented until the switch
reaches the normal position.

/ With
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With such a spring-set fitted to a group selector, the circuit is still unguarded for
approximately 18 m3, but from this may be subtracted the operate time cf relay A
(approximately 8 mS) so that the circuit has to be seized within 10 mS of being unguarded
in order to reoperate relay A and prevent the release of the switch.

Thus, the effective unguarded interval is reduced from 62-160 mS to approximately 10 mS,
and the liability of seizure before release trouble is much reduced. If seized in this
brief interval the wipers will remain cn the bank contact, giving wrong numbers.

3.5 Group Selector Circuit with 3,000 Type Relays. Standard 3,000 type relays are used on
later type selectors. Many refinements are also incorporated in the circuit design,
resulting in improved switch performance and lowered fault liability.

Fig. 22 shows the standard circuit for a group selector using 3,000 type relays. The
circuit operation is similar to that previously described (Fig. 13), but there are many
differences in details and these are listed below -

(i) C1 is now a change-over unit. Change-over contacts are used in preference to
make-before-break units wherever possible, for ease of maintenance. With the
earlier circuit using Strowger relays meake-before-break contacts were used,
because it was found that if a change-over unit was fitted, contact bounce caused
increased contact wear.

{ii) The impulsing relay is fitted with a make-before-break contact unit and this gives
a slight improvement in the impulsing characteristics. (See Paper No. 1,
Page 17.)

(iii) Relay B is shunted with a 2,000 ohm non-inductive winding to reduce sparking at
the make contact of Al.

(iv) The circuit is guarded during release by Z1, and N3 opens the circuit of relay A
until the switch reaches the normal position.

(v) Contact B2 prevents & possible operation of relay E when the wipers are returning
over busy contacts during release of the switch.

(vi) 83 is make-before-break to prevent breaking the circuit of relay A during
operation of the eleventh step springs.

(vii) Contact S2 in series with the vertical megnet prevents further operation of the
magnet when the caller continues to diel after the switch reaches the eleventh
step and busy tone is connected.

(viii) S1 has been shifted to prevent a possible interaction between E relays when a
number of selectors rotate to the eleventh bank contact on busy levels.

Switch jack connections are shown thus N on the circuit of Fig. 22. These may be
checked with the diagram shown in Fig. 12.

/ Fig. 22.
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4, FINAL SELECTOR CIRCUITS.

4.1 As its name implies the final selector is the last selector used in setting up a eall
through an automatic exchange. It accepts the last two digits to be dialled and
selects the required number by a verticel and a rotary movement., Final selectors may
be classified under two main headings -

(i) Ordinary or Straight Line.

(ii) P.B.X. type.
The ordinary type is designed to operate into groups having only single lines
connected, and the P.B.X. type caters for groups of two or more lines. If the first
line of a group is busy, then a P.B.X. final selector will test all lines in that

group before giving busy tone to the caller. Paper No., 5 deals with P.B.X. final
selectors used in the Strowger system.

4,2 Fig. 23 is the circuit of an ordinary final selector using Strowger relays, and the
functions performed by this circuit are -

(i) When seized, returns guarding and holding earth on the P wire.
(ii) Executes vertical and rotary movements under the control of the dial,

(iii) Prevents interference with the lines passed over by the wipers during
rotary motion.

(iv) Tests the selected line, and prevents the calling line being extended to the
called line while testing.

(v) If the called line is busy -

(a) Guards against connection to the called line,
{b) Transmits busy tone to the caller.

(vi) If the called line is free -

(a) Guards both lines from intrusion.
(v) Allows the call to proceed.

(vii) Cuts off the calling equipment of the called line.

(viii) Sends out ringing current to the called line.

(ix) Trensmits ringing tone to the calling line to indicate that ringing conditions
have been set up.

(x) When the called party answers -

(a) Cuts off ringing current and ring tone.

(b) Provides a transmission bridge to supply transmitter current to
calling and called parties.

{c) Operates the calling party's meter.

(d) Reverses the line current to the calling party for supervisory purposes.

{xi) When the calling party clears, releases itself and restores connections to
normal without interfering with other lines.

(xii) Provides a supervisory alarm -

(a) If the shaft fails to restore to normal when release conditions are
applied. (Release alarm.)

(b) If the called party's line is held by failure of the calling party
to clear, (C.S.H. alarm.)

/ Fig. 23.
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4,3 Circuit Operation. (The simplified circuits in this paragraph should be studied in
conjunction with Fig. 23.)

Switch Seized. (Fig. 24.) When a group selector in the previous rank switches through to
a finel selector, the caller's telephone loop is connected through to the final selector
over the line wires clear of all bridges. Relay A operates via D3 and D4 over the loop,
and Al closes the circuit of relesy B, which operates. Bl earths the P wire to hold end
guard the connection. B4 completes the operating circuit for relay J via F4, and J locks
via D2 and J1. B2 prepares the impulsing circuit.

2uF
= al; 5
A
1 B
03 | l 4
H A
< b
D4
2uF Switch Looped -
4 = A operates.
,'| NGB e B operates.

P
P wire earthed.
J operates and locks.

&

mje

DS - =

SWITCH SEIZED.
FiG. 24.
Vertical Stepping. (Fig. 25.) At the first bresk of the dial impulse springs, relay A

releases and Al normal completes the circuit of the verticsl magnet and relay C in series
via N2 and B2.

P

N2

Fv Penultimate Digit Dialled -
A impulses,
C operates,
Vertical magnet operates.
] 2, N springs operate.

% At End of Impulse Train -
C releases slowly.
¥
)

VERTICAL STEPPING.

FIG. 25.
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Relay C operates before the vertical magnet and Cl prepares an alternative vertical
stepping circuit when N2 operates during the first vertical step.

Impulses after the first are repeated from Al via B2, N2 and Cl opereted to the
vertical megnet and C relay. Relays B and C being slow releasing hold during impulsing,
and at the end of the impulse train relay C releases, Cl normal prepares the rotary
magnet circuit.

The wipers are now standing outside the dialled level, with relays A, B and J operated.

Rotary Stepping. (Fig. 26.) The final train of impulses is repeated by relay A to
operate the rotary megnet and relay E in parallel from earth at Al via B2 and N2 operated,
Cl, G2 and H3,

—
Al
N2
2 1 Last Digit Dialled.
A impulses.
E operates.,
‘“%‘ Rotary magnet operates.
£1 —d o2 At End of Impulse Train -

E releases slowly.

ROTARY STEPPING.

FIG. 26.

Relay E operates first end El gives an alternative impulsing circuit independent of
G2 and H3, E2 prepares the testing circuit of relay G, which mey operste during rotary
stepping if busy contacts are passed over.,

Relay E is slow releasing, and holds during the train of impulses, but releases after
the last impulse., During its release time & test is made on the selected line for the
busy condition.

/ Testing
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Testing - Called Line Busy. (Fig. 27.) The P wire of a busy line is earthed while the
P wire of a free line is connected to battery through the 1,300 ohm relay K. Assuming that
the selected line is busy, relay G operates to the busying earth via the P wiper and when
E releases locks up via E2 and Gl to earth at B3.

G3 connects the positive wire to busy tone, which will be heard by the caller, indicating
that no connection will be given and that the call should be attempted later. G2 opens
the rotary magnet circuit, preventing further stepping should the caller continue to dial.

- o
ik
03 E
%¥—40 s !
CALLING Al D
SuUB. -'- -5-'
5t b 1}——!3
D4
+ .
|
2uF J
G3
BUSY If Called Line is Busy -
TONE
BUSY G operates and locks.
"o.p LINE Busy tone given to caller.
4 e
= 55
cee®

“l_‘?/ L_) E2

Gt

wie

=

TESTING - CALLED LINE BUSY.
FIG. 27.

Called Line Free. (Fig. 28.) In this case, relay G does not operate and when E releases
relay K associated with the called line is operated in series with relay H (125 ohm
winding) over the P wiper and contacts E2 and Gl to earth at B3.

Relay H is slow operating and allows the line circuit relay K to operate first to clear
the called line of bridges before the application of ringing current.

Ring Cut-On. The current through the 125 ohm winding of H is only strong enough to cause
the operation of contact H1 "x", which completes the circuit of the 1,200 ohm locking
winding to earth at B3. H operates fully and H4 connects a full earth on the P wire

of the called line to effectively guerd that line., H3 opens the rotary magnet circuit
to prevent further stepping.

Ringing current is sent out to the called line through the 200 ohm winding of relay F,
via F2, HS and the negative wiper and the ring return is to battery through 200 ohm
resistor YA, F3, H6 and the positive wiper. Only A,C. will flow, the D,C. being blocked
by the condenser in the telephone bell circuit. A leak circuit is provided through H7

and a small capacity condenser, and allows portion of the ringing current to be fed to the
caller to provide & ring tone signel.

Relay F has a copper slug on the armature end, and in addition is fitted with a copper
sleeve over its core, consequently it will not respond to the ringing current in its

/ 200
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200 ohm coil (see Fig. 28).

PART OF | CALLED

°'°|‘|*‘Fl LINE CIRCUIT ., LINE
H7 ... ! :
2 uF I . .l_
H ‘
X I BELL
L

When E Releases -

K (line circuit) operates.

K ! H operates and locks.
| Ring current connected to
- called line.
i Ring tone given to caller.
1
o5 |
rEEE L
|
[
- |

CALLED LINE FREE - RING CUT-ON.
FIG. 28.

Called Party Answers. (Fig. 29.) When the called party lifts the receiver, a circuit is
given for a D.C, in lieu of the circuit through bell and condenser. Relay F operates its
F1 "x" contact and locks up on the 1,300 ohm winding to earth at B3.

P Frd F2 / —

ir ¥
03 a o 200
CALLING He aH i )
LINE , ol 5
VIA D4 | LT 9
SELECTORS | , " ac ! —--

When Receiver is Lifted -

F operates and locks (ring
cut-off),

D operates.

Current reversed to caller.

J2 Booster battery connected to
- P wire.
vs 50 J releases slowly.
Booster battery replaced by
earth.
50V BOOSTER

oL BATTERY

CALLED PARTY ANSWERS.
FIG. 29.
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F2 cuts off the ring current and ring tone and F3 cuts off the ringing return battery.
These contacts extend the called party's loop to the transmission bridge, and the two
parties are connected together.

F4 opens the original operating circuit of relay J.

Relay D operates over the called party's loop. D3 and D4 change over the battery feed to
the calling line for supervisory purposes.

Metering. DS changes the potential of the P wire from earth to 50 V positive for booster
battery metering. At the same time D2 opens the holding circuit of relesy J, which
releases slowly. Contact J2 disconnects the booster bettery end replaces it with earth, so
that booster battery is applied to the P wire for the slow release period of relay J (about
300 mS). The 50 ohm resistor YB prevents short-circuiting the booster battery during
operation of D and J contacts. Dl prepares the C.S.H, supervisory alarm circuit.

Release of Connection. (Fig. 20.) In this circuit, the release is controlled by the
calling party. When the caller replaces the receiver, relay A releases and Al opens the
circuit of relay B which releases slowly.

—
Al
Calling Party Replaces Receiver -
+— A releases.,
B2
B releases.,
Release magnet operates.
D, Fand H {or G and J) release.
Ni
When Switch Reaches Normal Position -
N springs restore.
é. Release magnet releases.
RELEASE
ALARM
BATT.

RELEASE.

FIG. 30.

Bl removes the earth from the P wire, releasing all group selector and uniselector
holding relays, and these switches restore o normel.

B3 removes the earth from the P wiper, releasing the called party's K relay.

B2 completes the release magnet circuit via Al end N1, and the final selector is restored
to normel, when N1 opens and the release magnet is de-energised. An alarm is given if
the release is prevented by a mechanical fault.

/ C.S.H.
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C.S.H. Condition. {Fig. 31.)
possible for a subscriber to be called and held busy indefinitely.
condition, a supervisory alarm is included in the circuit.

As the calling party controls the connection, it is
To avoid this

ol

B4

Called Subscriber Replaces Receiver -

D releases,
C.S.H. lamp glows,

SUPY.
LAMP

C.5.H. ALARM
BATTERY

CALLED SUBSCRIBER HELD,
FIG. 31,

If the called party replaces the receiver before the calling party clears, relay D
releases and Dl completes the C.S.H. supervisory alarm lamp circuit via P4 to earth at
B4, The lamp on the switch glows and the operation of a common alarm relay gives an
indication on the exchange alarm system.

Relays. Typical figures for final selector relays are given below -
Operate Operate Release
Code Title Type of Relay Current Lag Lag
{ma) (mS) (mS)
A Impulsing Impulsing, fast 14.5 7 9
B Guard Heel slug, 1-1/3" 15 12 350
o] Impulse control Heel slug, 11/16" 116 15 150
D Forward supervisory Fast 20 15 8
E Rotary control Heel slug, 11/16" 18 10 250
F Ring trip Armeture slug, 1" { ggx 100 80%
G Test Standard fast 10 40 6
H Wiper cut-in Armature slug, 11/16" {g;x 100 30
J Meter pulse timing Heel slug, 11/16" 186 10 300

"x" indicates operate currents measured on low resistance winding for "x" operation
only, the figure below being that on the other winding for full operation,

% releasing lag measured at the "x"™ contact.

It might be noted that the characteristics of the impulsing relay are slightly different
from those of the group selector A relay.
due to the bridging condensers and relsy D in the final selector impulsing circuit,

4,4 Ordinary Final Selector With 3,000 Type Relays,

(Fig. 32.)

While this switch performs ihe

This is to compensate for the impulse distortion

same functions as that previously described (Fig. 23), its circuit operation differs in
many respects -

/ Fig. 32.
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(i) Relay C is preoperated. This allows it to carry a greater spring load, and two of
its contacts disconnect relay D during impulsing to reduce distortion.

(ii) A ballast resistor is provided in the transmission bridge, and the resistance of
relay D is correspondingly reduced, giving improved transmission performance over
longer lines. Relay A only feeds the caller with transmitter current on local
calls, and the ballast resistor is not necessary in that side of the circuit. On
calls over junction circuits, as shown in Paper No. 6, a relay set known as a
repeater supplies the transmission bridge for the calling party.

(iii) There is no busy test G relay. If relay H does not operate while E is releasing,
then busy tone is given to the caller., In the earlier circuit, it is possible
under fault conditions for neither G nor H to operate, the caller receiving no
indication of the call's progress.

(iv) Relay H is fast operating and the "x" contact is eliminated. The application of
ringing current is delayed by the slow operation of relay E. This is to prevent
premature operation of relay F, which is fitted with an armature end slug, and its
400 ohm locking winding normally is short-circuited by F3 "x" to give additional
slugging effect.

(v) Contacts D4 and J3 in the metering circuit are now change-over units. Rectifier
MRA mainteins the earth on the P wire during the change-over time of these contacts,
but does not shunt the metering pulse. (See also Paper No. 3, Page 24.)

(vi) The switch is guarded during relesse by the operation of the release magnet contacts.

Circuit Operation. (The simplified circuits in this paragraph should be studied in
conjunction with Fig. 32.)

Switch Seized. (Fig. 33.) Relay A operates over the caller's loop and Al completes the
circuit of relay B which operates. B4 guards the P wire from earth at D4. B2 completes an
operating circuit for relay C on its 1,000 ohm winding from earth at H3 via NRL1 and N3.

C2 and C3 remove relay D from the circuit t0 reduce impulse distortion, Bl and Cl prspare
the circuit for vertical stepping.

BRA

Switch Looped -

A operates.
B operates.
C operates.

=
H O

-

-

SWITCH SEIZED.

FIG., 33.
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Vertical Impulsing. (Fig. 34.) Relays A, B and C ere operated and the switch is at normal,
When relay A falls back it completes the vertical magnet circuit from earth at Al via Bl,
Cl and E3., The 3 ohm winding of relay C is in series with the vertical magnet.

During the first vertical step the N springs operate, opening the 1,000 ohm winding of C,
but due to the slug relay C holds during the impulse train, releasing slowly at the
completion of vertical stepping. When C falls back E operates from ground at H3, via B2,
NR1, C5 and N2. El completes the circuit of the 1,000 ohm winding of relay C, which re-
operates. Relay E holds via ¥4 to earth at B3 when C operates and E3 prepares the circuit
for the rotary magnet.

:iE Subscriber Dials -

A impulses.
Vertical magnet operates.
N springs operate.

At End of Impulse Train -

releases slowly.
operates slowly,
reoperates.,

QHQ

HR{ H3

+ L

VERTICAL STEPPING.
F1G. 34.

Rotary Stepping. (Fig. 35.) Relays A, B, C and E are operated and the wipers are standing
opposite the selected bank level. When the caller dials the final digit, the rotary magnet
is operated in series with the 3 ohm winding of relay C to earth at Al via Bl, Cl and E3
operated.

At the first rotary step, the rotary off-normal (NR) springs operate and NR1 opens the
circuit of the 1,000 ohm winding of relay C. C holds on its 3 ohm winding during impulsing
and releases st the end of the train,

"

/} Final Digit Dialled -
c

A impulses,
Rotary magnet operates.
0 NR springs operate.

At End of Impulse Train -

o

C releases slowly.

1. 8]

]
+

ROTARY STEPPING.
FiG. 35.
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Testing - Called Line Busy. (Fig. 36.) When C releases, C4 completes a testing circuit for
relay H {1,000 ohm winding) to the P wiper from earth via B3 and E4. C5 opens the circuit
of relay E which releases slowly. H operates in series with relay K if the called line is
free but, if the line is busy, H does not operate and when E releases ED5 connects busy tone
to the positive line wire vie Jl, F4 and NR2,

If Called Line is Busy -

E releases slowly.
Busy tone connected.

Ji

BUSY TONE
TESTING - CALLED LINE BUSY.

FIG. 36.

Called Line Free. (Fig. 37.) Relays H and X operate in series, and the called line is
cleared of bridges.

ap
——/x2 o
O l . PART OF  |CALLED

aB
Y = NG o | LINECIRCUIT | LINE

L1 v
F{ Hi [
2/u.F .. 'K i
@
E2 L
1

®e == i 2t
QA L] /‘
s ;2 ! A—j+ i T

H4 °
2 uF
/L .. ) i 0 a
o *° K If Called Line is Free -
£6 ~o—AM—{ I H operates and locks.

D3 v
FS 3
r/ \ " YB . : J operates and locks.
_.1._ A ., ! K (line circuit) operates.
HG\ = 1 E releases.
Ja > T P : Ring cut-cn,
— o 1
ce® [ 1300 K
J 800
5
T E c4 ' DM .

E4 I
= \Bf—"l

CALLED LINE FxAE - RING CUT-ON,

FIG., 37.
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HS completes the circuit of the 400 ohm locking winding of H via F3 to earth at B3, H3
connects a full earth to the P wiper to guard the called line against intrusion. HS
completes an operating cireuit for relay J via FS to earth at D3. J2 prepares a holding,
circuit for J when relay F operates. J1 opens the busy tone lead. H1l, H2 and H4 prepare
the ringing, ring tone and ring return circuits respectively and when E restores these
circuits are completed by E2 and E6.

Relay F in series with the ring feed, does not operate on ringing current because of its
copper slug and shunted winding.

While the called subscriber's bell is being rung, a leak circuit is provided through a small
condenser QD. Thus, a small portion of the ring is fed back to the caller giving an audible
ring tone.

Called Party Answers. (Fig. 38.) When the called party answers, a loop is placed on the
line and D.C. superimposed on ringing current operates relay F.

F3 "x" removes the short circuit from its 400 ohm winding and it locks in series with
relay H, FS5 prepares the C.S.H. alarm circuit. F4 opens the busy tone lead (already
opened at J1). Fl and F2 cut off the ringing and ring return leads respectively and extend
the called party's loop through to the transmission bridge and relay D operates.

D1 and D2 reverse the battery supply to the calling party for supervision on junction calls
and calls from automatic public telephones.

Metering. D4 connects positive battery to the P wire via J3 and 50 ohm resistance YA.
D3 opens the holding circuit of relay J, which releases slowly. .

When J restores J3 replaces the positive battery with earth, thus positive battery is
applied to the P wire for the release time of relay J {approximately 300 mS).

Rectifier MRA maintains an earth omxr the P wire while D4 and J3 are changing over.

When Receiver is Lifted -

F operates and locks
(ring cut-off).
D operates.
Current reversed to caller.,
Positive battery connected.

[ ]
L ]
a1 X J releases slowly.
) A————lp P Positive battery disconnected.
D4 H3 .
] ®
oo’
J3 I
YA 2 50
+

CALLED PARTY ANSWERS.

FIG. 38.
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Release. (Fig. 39.) In this circuit, the connection is controlled by the calling party.
When the caller replaces the receiver, relay A releases, followed by the slow release of
relay B.

B4 removes earth from the P wire allowing all group selectors and uniselectors to release,

B3 opens the holding circuit of relays H and F. H3 removes the earth from the P wiper
allowing the called party's line circuit to restore to normal.

H3 and B2 normal complete the release magnet circuit via N1 to supervised battery, and the
switch releases.

Z1 earths the P wire and opens the A relay circuit, guarding the circuit against seizure
during release.

When the switch reaches the normal position the N springs restore, opening the release
magnet circuit, and the switch is free to accept the next call.

E 3
TO A
RELAY
Caller Replaces Receiver -
B2y H3
2————I A releases.
Zl s B releases,
H, D and F release,
ok Release magnet operates.
% When Switch Reaches Normal Position -~
N springs restore.
Releage magnet releases,
RELEASE
ALARM
BATTERY

RELEASE.

FIG. 39.

C.S.H. Alarm. (Fig. 40.) When the called party clears before the caller, the release of
relay D completes the C.S.H. lamp circuit, from earth at D3 via F5 and J2 to supervised
battery. The lamp on the switch glows and an indication is given on the exchange alarm
system.

p3 I

1f Called Party Clears -

D releases.
C.S.H. lamp glows,

SUP
BATT.

CALLED SUBSCRIBER HELD.

FIG, 40.
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4,5 Ringing Circuit. Ringing current is produced by & motor-driven generator which also
carries tone generating apparatus and gear-driven interrupter cams, The standard ringing
frequency is 16—2/5 c/s although some earlier machines produce a ringing current of
33 ¢/s. Ring tone is superimposed on the ringing current by transformer action.

Before distribution to final selectors the continuous ringing current is interrupted by
a cam as follows -

0.4 second ring.

0.2 second silent (short silent period).

0.4 second ring.

2.0 seconds silent (long silent period).

As shown in Fig. 41, one side of the ring supply is earthed, and to allow the final selector
ring trip relay to operate should a called party answer during the silent periods, the
ringing lead is earthed at the interrupter springs. In the standard circuits, as

described previously, the ringing return is to negative battery via 200 ohm resistance.

Some earlier exchanges use an earth ring return, the ring supply being connected to
negative battery in these cases, The finel selector switch jack wiring must be altered
to ensure correct operation of the ring +trip relays. Referring to Fig. 42, ringing
current is connected to U22, and straps are wired between U24 - U5 and U23 - Ul3,

TO
WIPERS
TO FINAL SELECTORS

H
323
R |
RING CAM-OPERATED :
GENERATOR SPRINGSFT 13
(16% ¢/s 0R
33 5 ¢/9) RING [
TONE RING
RETURN
(EARTH)
B
RINGING CIRCUIT. BATTERY CONNECTED RINGER CIRCUIT.

FIG, 41, FIG. 42.
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5. IMPULSING.

5.1 From the foregoing circuit descriptions it is seen that the impulses repeated by the
A relay contacts perform three functions -

(i) Relay B is re-energised during the make periods of the impulses and must remain
operated during the break periods. The maximum release lag {from the saturated
condit;on) of relay B is approximately 350 mS, and this relay will hold
operated on impulses with a meke ratio of not less than 20 per cent. (20 mS at
an impulse freguency of 10 impulses per second). If these limits are exceeded,
relay B releases prematurely, completing the release magnet circuit, and the
selector "drops out".

(ii) Relay C is energised by the break contacts of the impulsing relay and, therefore,
is energised during the break periods and must hold during the make periods of
the impulses. The meximum release lag of relay C is approximately 150 mS, and
this relay will hold on impulses with a brezk ratio of not less than
approximately 35 per cent. (35 mS at an impulse frequency of 10 impulses per
second}, Failure of the C relay results in a premeture change-over to rotary
stepping, resulting in a "wrong number".

Fig. 43 shows in graph form the magnetic conditions of relays B and C during impulsing.
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(iii) The vertical magnet (or the rotary magnet), which is also energised by the break
contacts of the impulsing relay, differs from relay C in that it must release
during each disconnection period (make period of the dial) and, as it has a certain
release lag, approximately 15 mS, the make period of the diesl must not fall below
this value. Again, since the magnet must operate during each breszk period of the
dial, there is a pulse-operating lag of approximately 36 mS, below which the break
period of the dial must not fall.

This "pulse-operating lag" refers not only to the movement of the shaft, but to the
full operation of the magnet armature, in which position a pawl on the armature
engages with a front stop and prevents the shaft from taking more than one step &t
a time. If there is insufficient break period for this locking to take place, the
shaft may overstep, often reaching the tenth position with 3 or 4 impulses.

Impulse Limits. From the above, it can be seen that the impulse ratios and periods must
remain within the following limits -

Make Ratio - 20-65 per cent,
Break Rstio - 35-80 per cent.
Make Period - 15-150 mS.
Break Period -  36-350 mS.

Dial Impulse Ratio. Standard dials are designed for an impulse ratio of 2 to 1 break to
make, that is, a break ratio of 66-2/3 per cent. and a make ratio of 33-1/3 per cent.
Before dials are fitted to standard telephones they are adjusted between the limits of
33 per cent.and 34 per cent. make ratio.

Dial Impulse Frequency. The normal frequency of impulsing is 10 impulses per second, but
selectors will operate over a range from 7 to 14 impulses per second from dials. To give
a margin of safety, the frequency limit for disl testing is 9 to 11 impulses per second.

5.2 Impulse Distortion. The standard impulse ratio and frequency, as laid down, provide a
margin of safety for the operation of selectors. This is necessary as various electrical
and mechanical conditions affect the impulse ratio.

Impulse Distortion may be defined as the variation between the impulses produced by the
dial contacts, and the impulses received by the selector magnets and relays.

From Fig. 44, it will be seen that to obtain distortionless repetition of impulses, the
impulsing relay should have equal values of operate and release lag under all conditions.
When the time lags are caused to increase or decrease from the normal, distortion of the
impulse takes place. It may be useful to remember the following rule -

Increase in operating lag increases the break ratio.
Increase in releasing lag decreases the break ratio.

Conditions of "long line" distortion produce an increase in the break ratio, producing
"heavy" impulses to the selector magnets.

"Short line™ conditions reduce the length of the break period, giving "light" impulses.
A sunmary of the variations which will be encountered by impulsing circuits, and their
effects, is given below -

(i) Voltage Limits. In a 50 V exchange the voltage may vary from 46 to 52 V. A
decrease in voltage causes an increase in operating time and a decrease in releasing
time. At 10 impulses per second there is 1/4 to 1/2 per cent. increase in break
ratio per volt drop.

(i1) Loop Limits. The meximum permissible loop resistance of subscribers' telephone
lines has been fixed at 750 ohms for the impulsing condition,

The effect of adding resistance in series with the impulsing relay is to reduce
the releasing lag, and increase the operate lag, thus increasing the break ratio.

(iii) Leak Limits. For impulsing, the limit of permissible leak resistance is
10,000 ohms for subscribers!' lines,

/ Fig. 44,
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The general effect of leaks from one wire to the other is opposite to those of loop
resistance. For this reason, when making leak impulsing tests, the loop resistance
is reduced to zero.

Figs. 45 and 46 show the effects of loop and leak resistances on time lags and
impulse ratio respectively.
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(iv) Adjustment Limits. The spring tension, armature travel, residual air-gap and
contact clearance adjustments all have an effect on the operating and releasing
lags of the impulsing relay, and thus produce impulse distortion.

Distortion due to adjustments is usually catered for by providing a good margin of
safety after allowing for the other working limits.

(v) Dial Condenser. The spark quench condenser in the dialling circuit is charged
through the impulsing relay when the impulse springs breask, thus causing an
increase in the releasing lag. The dial condenser has no appreciable effect on
operating lag.

The effect of the condenser is to stabilise the releasing lag, and thus considerably
reduces the distorting effects of leak and loop resistance. This is shown in

Fig. 46. Note that under extreme loop conditions the condenser surge is damped

out, and there is no such stabilisation; hence the rapid increase in ratio for

loop resistances over 800 ohms.,

The condenser raises the make ratio of the impulses by approximately 3 per cent.,
making the ratio for a standard telephone, as measured on the test desk at
36-37 per cent., ¥ 2 per cent., that is, 34 per cent. to 39 per cent.

(vi) Cable Capacity. The conditions previously mentioned apply to non-inductive
resistance, and this is reasonably accurate for overhead lines, When underground
cables are used, however, the capacity between the wires is important, although it
usually gives an improved performance on impulsing. As the capacity is
increased in proportion to the loop resistance, the two effects will tend to
cancel out,

Beyond a certain limit, that is, with very long lines, junctions, etc., the
beneficial effect of cable capacity is nullified somewhat by the excessive
capacity on the line,

(vii) Extension Telephone. In some circumstances, an extension telephone is
connected in parallel with the normel instrument, and the additional bell and
condenser remain shunted across the line, This gives the effect of an increase
in the capacity of the dial condenser.

An additional 1,000 ohm bell with a 2 1F condenser causes an average increase in
make ratio of 3 per cent., and to avoid distortion of impulses, this type of
connection should not be used.

(viii) Transmission Bridge. Where the impulsing relay forms part of a Stone Transmission
Bridge, the transmission condensers have an effect on the wave form of the
impulses, and there is an increase in the make ratio of the order of 3 per cent.
under most conditions.

A Repeating Coil Bridge has en effect even greater than a Stone Bridge, and this
circuit is, therefore, rarely used for impulsing.

/ 8.
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6. TEST QUESTIONS.

1. State the various types of mechanically operated contacts fitted to a two-motion
selector and when they operate and restore.

2. What is the purpose of the release link, and is it necessary in modern switches?
3. State the functions of a group selector.

4, With the aid of a circuit diagram describe the rotary action of a group selector and
explain what happens when all contacts of a level are engaged,

5. A group selector is found whose wipers are resting on an outlet, but whose relays A, B
and D are interacting. What do you consider the most likely cause of this fault?

6. What functions are performed by an ordinary Final Selector?

7. Explain with the aid of a simple circuit the method of ringing telephone bells from a
final selector.

8. What function is performed by contact H3 in Fig. 23?
9. It is noticed that a certain final selector instead of stepping up under the control of
the tens digit when there are two or more impulses in the train, steps up one and then

rotates into the level. What is the probable cause of this?

10. It is usual to specify that automatic switches should be capable of working under the
following conditions -

(i) Impulse speeds varying from 7 to 14 impulses per second,
(ii) Line resistances up to 1,200 ohms.
(iii) Insulation resistances as low as 10,000 ohms.

What combination of these conditions would give the most severe test for -

(i) Relay B.
(ii) The vertical magnet of the switch.

Give reasons for your answer,
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1. INTRODUCTION.
1.1 P.B.X. Lines.,

A subscriber with more than one exchange line will naturally expect that

a call made to him will not receive the busy signal unless a&ll his lines sre in use,

In manual exchanges, this facility is obtained by grouping his lines together on the
switchboard and by marking them in a distinctive manner (that is, by painting a white
line immediately underneath the jacks), so that the telephonist will know that if the
first line is busy she must test the other lines of the group in turn until a free

line is found.
the group are tested and found busy.

The reply, "Sorry, number engaged", is not given unless all lines in

In automatic exchanges a& similar arrangement is adopted, the lines being grouped
together and marked, but in this case the marking is electrical instead of visual.
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TELEPHONE DIRECTORY ENTRIES.

FIG. 1.

A subscriber having several exchange lines is
usually provided with a switchboard. Although
several lines may connect the switchboard with
the exchange, only one number is included in
the Telephone Directory, this being denoted by
an asterisk (Fig. 1).

1.2 Night Service. When the P.B.X. switchboard
is not staffed, say at night, one or more of
the exchange lines may be connected at the
switchboard to selected extensions for the
receipt of calls during the unattended period.
This arrangement is referred to as "Night
Service",

The numbers of exchange lines selected for
night service are often included in the
Directory, as well as the number of the first
line of the P.B.X. group.

It is sometimes the practice to night switch
the first exchange line to a continuously
attended extension, such as the night watch-
man's. The object of this is to provide a
service on the Directory number in the event
of a call from a subscriber who is unaware of
the night service numbers.

The effect of night switching is to convert the P.B.X. group of exchange lines into a
number of single direct exchange lines which terminate on the selected extensions. It

is usually desired that, if the night service line is in use,

another call made to it

shall not be connected to any other free line in the group but shall receive busy tone.
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The functions that must te provided by the automatic equipment are, therefore -

(i) Cells made to the first line of a P.B.X. group of lines shall te connected to the
first free line in the group.

(ii) Busy conditions shall be transmitted only when all lines in the group are busy.

(iii) Calls made to lines other than the first line of a P.B.X. group shall be completed
if the particular line is free, and shall receive busy tone if it is busy
(night service facility).

1.3 P.B.X. Final Selectors. These functions must be added to those of the ordinary final
selector, such a switch being called a P,B.X. Final Selector. The night service facility
is not provided in some cases.

Most P.B.X. groups have less than ten lines, and such groups may be accommodated on

ad jacent contacts of a level in the final selector bank multiple. The final selectors in
this case are called 2-10 P.B.,X. types. When a subscriber dials the first line of a
group, the call is completed on that line if it is free, but if the line is busy the
switch automatically hunts until either a free line is reached or until the last line of
the group is reached., If the last line is also busy, the wipers do not step further and
busy tone is given to the caller,

In the case of a call to any line other than the first line of a group, automatic hunting
does not take place and the switch functions as an ordinary final selector.

For this procedure to be possible, it is necessary that the final selectors shall be able
to distinguish between the first line, the intermediate lines and the last line of each
group, and also ordinary lines.

In some cases a "P.B.X. arc" is fitted to provide the necessary marking, and this scheme
is described for the Siemens No. 16 System in Paper No. 9.

The Strowger system uses an additional wiper and bank contact for this purpose. The
private bank differs from that used with the ordinary final selector, as each line has
two contacts (a normal privete and an auxiliary private). In construction, therefore, it
is similar to the line bank. The private and auxiliary wipers are combined like the line
wipers, having an upper and a lower member separated electrically and each controlling a
separate circuit. The principal wiper completes the normal private circuit. The
auxiliary wiper completes a local circuit to modify the action of the switch and thus
provide the reguired discrimination., Fig. 2 shows typical connections to the private

and auxiliary bank contscts of ordinary and P.B.X. (first and subsequent) lines.

v :
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s== PAIVATE CONTACTS
ORDINARY

_LINE LNES UNE _LINE  LINE LINES
o Vv
PBX.G PBX. GROUP
(4 LiNes (3'LINES)

TYPICAL CONNECTIONS ON PRIVATE AND AUXTLIARY CONTACTS OF P.B.X. FINAL SELECTOR BANK.

FIG. 2.

It may be seen that the auxiliary private bank contact of the first line in each P.B.X.
group accommedated in the level is connected to battery via a resistance, and it is this
condition, combined with a busying earth on the private bank contact, which causes
hunting conditions to be set up. The switch then tests through the auxiliary bank
contacts in a similar manner to a group selector. The private and auxiliary bank contacts
of intermediate lines are strapped and, therefore the condition prevailing on the normal
private bank contacts of intermediate lines is also encountered on the auxiliary private

/ bank
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bank contacts of these lines. When the last line is reached, hunting ceases whether the
line is free or busy, as there is no connection to the suxiliary private contact. This
latter arrangement allows single direct lines to be accommodated in the levels of the
final selector. If the switch is directed by dialled impulses to a line having no
connection on its auxiliary private contact, it acts as an ordinary final selector.

1.4 Allocation of P.B.,X. Numbers. A P.B.X. final selector is more expensive than an ordinary
switch, and it is usual to group the P.B.X. lines in an exchange into a limited number of
100 line units. An opposing consideration, however, is that the grouping of these
particularly busy lines may lead to congestion of certsin channels, and to avoid this
possibility it is usually desirable that in any one unit the less busy straight lines
should be interspersed with the P.B.X. groups. In a residential area 60 P,.B.X. numbers
and 40 ordinary numbers may be allocated to each P.B.X. unit. In practically every
exchange, therefore, at least one 100 line unit is fitted with P.B.X. final selectors;
the exchange numbers for the P.B.X. services connected to that exchange must be allotted
from that group, and such lines must be consecutive in the final selector multiple bank.
When allotting numbers, special care must be taken in estimating the growth and the
required provision for spares in order %o avoid a change in the Directory number at a
later date.

In an ordinary 100 line group, it is not possible to have 100 working lines connected,
owing to disconnections, removals, etc. In practice, when about 97 lines are connected,
the group is considered to be fully allocated.

Because lines must be left spare to allow for growth of P.B.X. groups, only 82 lines can
be worked for every 1C0 P.B.X. numbers. As an example, assume that the ultimate
development of an exchange is anticipated to be 4,284 ordinary lines and 240 P.B.X. lines.
The actual numbers allocated are. obtained thus -

[}

Ordinary lines Nele 4,284 + 0.37
P.B.X. lines eee - 240 =0.82 = 293 numbers.

Total 4,524 lines = 4,710 numbers.

4,417 numbers.

A Line Unit has provision for connecting 100 lines. The number of P.B.X. units required
will be given by .262071, that is, 5 units.

The number of working lines in each P,B.X. unit will be -

60 x 82 per cent., = 49 P.B.X. lines.
40 x 97 per cent., = 39 Ordinary lines.

Total = 88 lines.

That is, 88 per cent. of the full capacity of the unit can be assumed to be working lines.
In the 5 P.B.X. units 5 x 32 = 195 ordinary lines will be connected, leaving 4,089 lines
to be connected to straight units. Allowing for 3 per cent. of the lines on straight
units being unavailable for allocation to subscribers, 4,089 working lines would require

4089 . 4z units.
97

1.5 Double Appearance. A P,B.X. group will only be connected to a £2-10 P.B.X. final selector
unit if it is estimated that the ultimate number of lines in the group will not exceed
ten, It is possible, however, that through unexpected development the time may come
when more than ten lines will be needed., In order to avoid the necessity of an immediate
change of number when the increase is limited to one or two lines, facilities may be
provided which enable extra lines to be added without transferring the P.B.X. to a large
group unit. The P.B.X, final selectors are mounted on the unit on four shelves each
taking eight selectors. The arrangement is shown in Fig. 3, from which it may be seen that
the final selector multiple of the P.B.X. unit with its 32 banks is coupled to the
terminal blocks in two sections, each section being the multiple from two shelves of
eight switches.

/ Under
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Under normal conditions, the two sections are strapped together at the terminel blocks, so
that the 10 lines of each level in each section are available to all switches in the unit.
When, however, an additional line is required in & P.B.X. group having the 10 lines in a
level, the connection (A) of the first line of the group is cut away -and an auxilisry

line joined in by connection (B). With this arrangement, lines 1 to 10 sre available to
Section 1 of the multiple, and the lines 11 and 2 to 10 are available to Section 2. Full
availability is, -therefore, not given to callers as, for one level, only 10 lines are
available from one section of the multiple. In extreme cases, this,division could take
place until there are no common lines between the two sections, but it is inadvisable to
extend the arrangement to this limit because of the reduced availability. Night service
may only be given on those lines which are not divided (see Fig. 3).
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FIG. 3.

1.6 Large Groups of P.B,X. Lines. Several schemes have been devised for dealing with groups
of P.,B.X. lines greater than 10 lines -

(i) One scheme uses one type of switch for groups of 11 to 20 lines, and another type
for groups greater than 20. The switch used for the 11 to 20 group is fitted with
a 600 point line bank, and the switch searches over two levels during one
rotation. Services with more than 20 lines may be dealt with by means of either
25 or 50 point uniselectors arranged to search in tendem, so that, if a free line
is not found in the first 25 lines, the circuit is connected to the second switch,
which, after searching its contacts, connects the line through to the next switch,
and so on. It should be noted that the time of search is not of particular
importance in such circumstances.

/ (ii)
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(ii) Another scheme used in some Siemens Bros. installations is one in which search takes
place over the lowest level in the group, and, if all lines therein are busy, release
takes place rotarily, following which a step up to the next level is made. The
search then continues over that level and, if 8ll lines are busy, releases rotarily
again to repeat this cycle until the complete group has been tested.

(iii) A further scheme used in some exchanges for P.B.X. services exceéding 10 lines is to
provide a group busying arrangement for each level in the group, and to mark a
contact in a special vertical bank when all lines of a particular level are engaged.
If the switch searches up this verticel bank until it finds & free contact, it will
be opposite a level in which there is at least one free line. Search now takes place
automatically over the level until the particular free line is reached. An ingenious
method has been developed to enable switches of this type to act as a straight line
ordinary final selector or as a P.B.X. selector, according.to the first digit accepted
by the switch. The number for a P.B.X. service may be B 3606, whereas for night
service the third number in this group would be dialled as B 3663, The fourth digit
in the calling number is the first one received by the switch, If this digit is O,
then the shaft steps to the 10th level where it closes normal post springs to -

(a) Make the necessary chenges, in order that it will function as a P.B.X. final
selector,
(b) Release the switch to normal, but not free it.

The next digit steps the switch vertically a second time till it is opposite the
level dialled, the first contact of which is the first line of the P.B.X, group.
Search now takes place sutomatically, first vertically, as explained above, and then
rotarily till the first free line is seized. If a special line in the group is
required, that is, night service or a straight line, then the 4th digit {which
cannot be 0) will operate the switch vertically and since, in this instance, the
normal post springs are not operated, the switch acts as an ordinary final selector.
The following restrictions will apply -

(a) All P.B.X. groups must commence at the beginning of a level.
(b) Night switching facilities are not available to numbers connected to the 0 level.
(¢) Ordinary numbers cannot be allotted in O level,

It might be called a universal final selector, for it can act as an ordinary or a
P.B.X. final selector dealing with groups ranging from 1 to 90 lines, and night
service can obviously be given on all lines in any P.B.X. group.

(iv) A later method uses a Relay Set on each line to perform the ringing, metering and
battery feeding functions normelly provided by a final selector., The outlets from -
the last rank of group selectors are "graded" and this gives partial access to the
group of lines. Fig. 4 shows the method of trunking used with this scheme.

SPECIAL
4™ SELS. M42 GROUP

FROM
2%, —1]
M4 GROUP

OTHER LARGE P.B.X.GROUPS

Bl

TRUNKING TO LARGE P.B.X. GROUPS.

FIG. 4.
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An 2dditional renk of group selectors is used and these may be arranged to absorb
the penultimate digit O to maintain the five digit numbering scheme.

Nine large P.B.X. groups may be served by this scheme, but a block of 100 numbers
is taken from the five digit numbering scheme.

The scheme may be enlarged t0 make full use of the 100 directory numbers by providing
a rank of special 5th selectors.

(v) The latest practice incorporates the relay set and the last group selector in one
unit, which results in a saving in equipment. This switch is known as a Large
Group P.B.X. Finel Selector. The trunking arrangement is shown in Fig. 5.

SPECIAL LARGE GROUP
4THSELS, P.B.X. FINAL
M4Z GROUP SELECTORS
M40 GP
FROM
3ROSELS,
M4 GROUP
-
) e ]
85 | roomercaours 2B | 1o LARGE
== ( OF FINAL SELECTORS == | P.B.X.GROUPS
=4 = | (M4201-0)

TRUNKING TO LARGE GROUPS COF P.B.X. LINES.

FIG. 5.

Each service is restricted to one level and the outlets graded to provide the
number of lines required. Full availability is not given.

The release of a large group P.B.X. final selector does not take place until both parties
have cleared (last party release). This is necessary to guard the P.B.X. lines against
intrusion from "follow-on" calls.,

The lines on the P.B.X. are usually divided into separate groups of "Incoming" and
"Outgoing" lines. Night service may be arranged by allotting and listing in the
Directory lines normally used for outgoing calls during the day. The incoming lines
cannot ve night switched as it is a matter of chance which line will be reached.

On incoming lines, the uniselector is dispensed with, and replaced by a 1,300 ohm
resistance in place of the K relay.

1.7 Busying of P,B.X. Lines. When a straight line service is out of order, N,U. tone is
connected to the final selector multiple of that line. When a line in a P,B.X. group is
out of order, the tone is not necessary while other lines in the group can be used, but
it is necessary to prevent a caller from seizing the out of order line. To enable this
to be done, the private wires of all P.B.X. lines may be cabled to the M.,D.F. and there
terminated on P.B.X. busying jacks, so that by inserting a plug any line may be
busied.

/ 2.
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2. 2-10 P.B.X. FINAL SELECTCRS.

2.1 Fig. 6 shows the circuit of a Strowger 2-10 P.B.X. Final Selector. The functions
provided by this circuit are -

(i) Returns a busy and hold condition to the preceding selectors.
(ii) Steps vertically under the control of the tens train of impulses.
(iii) Steps round under the control of the units impulse train.

(iv) Tests the called subscriber's line.

(v) Functions es an ordinary final selector when connecting to a subscriber with
a single line.

(vi) Sesrches for and seizes the first free line in e particular group of P.B.X.
lines when the first line is called.

(vii) Transmits busy tone to the calling subscriber if all the lines in the group
are engaged.

{(viii) When a free line has been seized, applies ringing conditions to the called
subscriber's line and ringing tone to the calling subscriber.

(ix) When the called subscriber answers, removes ringing conditions and ringing
tone.

(x) Provides a transmission bridge.
(xi) Meters the call when the called subscriber answers.
(xii) Releases itself and all selectors when the calling subscriber clears.
(xiii) Provides a supervisory alarm should the called subscriber's line be held.

(xiv) Provides night service facilities to any number in a P.B.X. group with the
exception of the first.

(xv) Provides a supervisory alarm should the shaft fail to restore through a
mechanical defect.

2.2 Circuit Operation. (The simplified circuits in this parasgraph should be studied in
conjunction with Fig. 6.)

Preliminary Operation. The operation during dialling is similar to that of the
ordinary final selector described in Paper No. 4. The tens digit is directed to the
vertical magnet and the shaft raised to the desired level., It will be noticed that
the C relay is, in this case, double wound and the 300-ohm winding.is in parallel with
the V magnet, this arrangement being more convenient here than the 4-ohm series relay
used in the ordinary final selector circuit. The units digit rotates the switch

round to the correct contact. If the line thus reached is an ordinary line, it is
tested and, if free, ringing is applied in the usual manner.

Operation if the First Line of a P,B.,X. Group is Free., Referring to the description
given in Paper No. 4, at the end of the units train of impulses the following relays
are operated, A, B, J and E, Relay E operates during impulsing in parallel with the
rotary magnet via H3, G2, Cl, HS2, N2 and B2 to earth at Al. At the end of the
impulse train, relay A remains operated and the circuit of E is opened at contact Al.
E is slow to release on account of the short circuit placed on the 200-ohm winding by
contact El. Contact E2 opersted has connected relay G to the normal private wiper P.
If the line is free, there will be no earth on the P contact and consequently G will

/ Fig. 6.
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not operate. Relay E releases after a short interval to close the circuit of relay H, and
the subsequent events for calling the wanted subscriber are the same as those for an
ordinary final selector, The Pl wiper and bank have no effect in these circumstances.

(See Fig. 7.) o,
°

83
q}—<f" P %
O
®
G4 oe® T300] K At End of Impulse Train -
dm E releases slowly,
E2 .
= % J K (line circuit) operates.
; H operates and locks.
® Ring cut-on.
H2
S
5
e g
—

OPERATION ON FREE FIRST LINE OR ORDINARY LINE.

FIG. 7.

Operation if First Line of a Group is Busy (Fig. 8). If the first line of the group is
busy, there will be an earth on the private bank contact and this completes the circuit
of relay G which operates.

If First Line is Busy -

ON INTERMEDIATE G operates and locks.

LINES OF GROUP ONLY E releases slowly.
.. . C operates.

Rotary magnet operates.
| G releases.

I 83 H4 o. HS operates and locks.
. K_‘ll' X reoperates.
®

When Wipers Reach Second Line -

C releases.
Rotary magnet releases.
E releases slowly.

If Second Line is Busy -

C and G reoperate.
Rotary magnet reoperates.
E holds operated.

G releases.,

When Wipers Reach Third Line -

C releases.

/} 3oG Rotary magnet releases,
id +{|‘ E releases slowly.
® A0
oo® ON FIRST LINE When Free Line is Found -

OF GROUP ONLY
K {(line circuit) operates.
H operates and locks.,
HS releases.
Ring cut-on.

HUNTING OVER A P.B.X. GROUP.

FIG, 8.




PAPER NO. 5. TELEPHONY III.
PAGE 10.

It is necessary that the hunting feature of the selector shall now be brought into use
and, as indicated in paragraph 1.3, this is accomplished by the condition found on the
auxiliery or Pl bank contact of the first line of the group. From Fig. 1, it will be seen
that battery through a resistance is connected to the P1 bank, When relay G operates to
the busy earth on the privete wire, G1 prepares a circuit for relay C., When relay E
releases at the end of its slow release period, relay G holds via HZ, E2, G4 to earth at
B3, while relay C operates on its 200 ohm winding from the busy earth on the private

wire of the first line in the group, over the P wiper via E2, Gl1, HS6, E4 to negative
marking battery via Pl bank and wiper.

C2 prepares a circuit for relay E and the rotary magnet. C3 prepares a circuit for the
300 ohm winding of relay C. €4, which operates last, closes a circuit via G5 for the
operation of relay HS,

HS1 "x" closes a locking circuit for HS on its 1,300 ohm winding. HS2 opens the impulsing
circuit to prevent interference should further impulses be transmitted. HS4 prepares a
testing circuit for the 300 ohm winding of relay C. HS3 and HS5 complete a holding
circuit for the 300 ohm winding of relay C via Rl and 03 to earth at B3. HS5 completes
the circuit for the operation of relay E and the rotary magnet via C2. HS6 operates last
and opens the circuit of the 200 ohm winding of relay C.

E2 extends relay G to the P wiper. E4 prepares a circuit for relay C to test the second
line in the group via the auxiliary wiper, Pl.

When the rotary magnet is fully energised, the wipers have stepped to the bank contacts

of the second line in the group and the rotary interrupter springs open. Relay C releases
and C2 opens the circuit of the rotary magnet and relay E. The rotary megnet releases and
relay E commences to release slowly.

Operation if Second Line of a Group is Busy. If the line on whose bank contacts the
wipers are now standing is an intermediate line and is busy, then, when the rotary
interrupter springs make contact on the release of the rotary magnet, relay C energises
via HS3, R1, ES4, E4, auxiliary private wiper and bank contact to the busy earth strapped
across from the private bank contact. The switch wipers consequently step to the bank
contacts of the next line in the group, the circuit operations following the principles
already described. The hunting continues until the wipers step on to the bank contacts of
a free line or the last line in the group.

Operation When Free Line Found. If the wipers reach the bank contacts of a free line,
relay C cannot operate, as, in the case of an intermediate line, the negative battery
from relay K in the uniselector is strapped across to the auxiliary private bank contact,
while, if the line is the last in the group, the auxiliary private bank contact is
disconnected. Relay G cannot operate and, when relay E falls back, a circuit is closed
for the "x" operation of relay H, and the subsegquent switching operations follow ordinary
final selector principles.

Operation if All Lines of a Group are Busy. If the wipers step on the bank contacts of
the last line in the group and the line is busy, that is, all lines in the group are
busy, it is necessary to return busy conditions to the calling subscriber. Relay G
operates to the busy earth on the P wire; relay C cannot operate as the auxiliary
private bank contact Pl is disconnected. When relay E releases, G remains operated
through G4; G3 closes the busy tone circuit,.

2,3 2-10 P,B.X. Final Selector with 3,000 Type Relays. Fig. 9 shows a later circuit for a
2-10 P.B.X. final selector with ballast resistance and using 3,000 type relays., This
circuit incorporates the improvements listed in Paper No. 4 for the latest ordinary final
selector. The circuit operation is described below -

Switch Seized. Relay A operates over the loop and Al completes the operating circuit of
relay B.

B4 guards the P wire with earth from D4, B5 completes an operating circuit for relay C
on its 1,000 ohm winding via N3 and NRL to earth at H6. B2 and Cl prepare the impulsing
circuit.

/ Fig. 9.
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C2 and C5 remove relay D from the lines to reduce impulse distortion. C6 opens the circuit
of relay E until the completion of the vertical train,

Vertical Stepping. When the penultimate digit is dialled, the vertical magnet is energised
in series with the 3 ohm winding of relay C via E2, HS4, Cl and B2 %o earth at Al, N
springs operate during the first vertical step. Relay C holds during impulsing due to the
slug and releases slowly at the end of the train. When C releases C6 completes the
operating circuit of relay E via N2, NR1 and BS to earth at H6. E4 completes the circuit
of relay C which reoperates.

Rotary Stepping. When the final digit is dialled, the rotary msgnet is energised in series
with the 3 ohm winding of relay C from earth at Al via B2, Cl, HS4 and E2. During the first
rotary step NR springs operate, NRL opens the circuit of the 1,000 ohm coil of relay C,
which holds during the impulse train and then releases slowly.

Call to First Line of a P,B.X. Group. If the first line of a group is free when called) the
operation is similar to that of an ordinary final selector. The Pl wiper and bank have no
function in these circumstances.

When C releases, the testing circuit of relay H is completed in series with the line circuit
relay K over the P wiper via €4 and E3 to earth at Bl (during slow releasse period of relay
E). E operates and locks on its 400 ohm winding to earth at Bl via H5 "x" and F3.

H6 connects earth to the P wiper to guard the called line., H7 completes an operating
cirecuit for relay J via F5 to earth at D3. J operates and holds via J2 when relay F
operates. J3 holds the busy tone .lead open when E6 restores.

Ring Cut-on. When E restores, the ringing circuit is completed via the 300 ohm winding of
relay F, E5, Fl and H3 to the negative wiper. The ring return is to negative battery via
200 ohm resistance YB, E7, F2 and Hl to the positive wiper. A leak from the ringing
circuit is fed to the caller via HZ2 and condenser QD to provide a ring tone signal.

Called Subscriber Answers. When the subscriber answers, relay F operates and F3 "x" breaks
the short circuit on the 400 ohm winding of relay F, which locks in series with relay H.

F4 opens the busy tone lead. F5 prepares the C.S.H. alarm circuit. Fl and F2 cut off the
ring and ring return and extend the called subscriber through to the transmission bridge,
and relay D operates.

DL and D2 change over and reverse the battery supply to the caller for supervisory and
metering purposes.

Metering. D4 connects positive battery to the P wire and D3 opens the holding circuit of
relay J, which releases slowly. A 50 ohm protective resistance YA is included in the
positive battery circuit.

J4 replaces the positive battery with earth, so that the meter pulse is connected for the
release time of relay J {about 300 mS).

Rectifier MRA maintains the earth on the P wire while D4 and J4 are changing over, but does
not shunt the meter pulse.

Release. In this circuit, the release of the connection is controlled by the caller
(calling party release). When the caller replaces the receiver, relay A releases followed
by the slow release of relay B.

B4 removes earth from the P wire, allowing all preceding switches to release. Bl opens
the circuit of relays F and H, which release., BS completes a circuit from earth at H6
via N1 to operate the release magnet.

Z1 maintains an earth on the P wire until the switch restores to normal, when N1 opens the
release magnet circuit,
/ C.S.H.



TELEPHONY III. PAPER NO. 5.

1300°™

PAGE 13.

C.S.H. Alarm. In this circuit, since the complete train of switches may be held by the
caller, it would be possible to call a subscriber and hold his line up indefinitely. In
order to avoid this condition, a Called Subscriber Held (C.S.H.) alarm is provided should
the called subscriber hang up prior to the caller.,

When the called subscriber replaces the receiver, relay D releases and the lamp on the
switch is energised from supervised battery to earth at D3, via F5 and J2. An indication
is given on the exchange alarm system and on the particular final selector.

First Line in P.B.X. Group Busy. (Fig. 10.) Under this condition, when the final digit

has been dialled and relay C releases, the P wiper encounters earth and relay H does not
operate,

If First Line is Busy -~

FIRST LINE
GROUP ONLY HS operates.

ON
R OF
83 l 5% 500" E releases.
b P }n C reoperates.
S Rotary magnet operates.
TN i 0® J operates.

ON INTERMEDIATE Wipers Reach Second Line {Busy) -
LINES ONLY-—ey

E reoperates.

Rotary magnet releases.
C releases.

E releases.,

C reoperates.

Rotary magnet operates.

Repeated until
free line or
last line of
group is
reached.

Wipers Reach Free Line -

E reoperates.

Rotary magnet releases.

C releases slowly.

K {line circuit) operates.
H operates and locks.

HS releases slowly.

E releases slowly.

Ring cut-on.

Wipers Reach Last Line of Group
(All Lines Busy) -

E reoperates.

Rotary magnet releases.
C releases slowly.

HS releases slowly.

E releases slowly.

-;' Busy tone given.

: (H does not operate.)

<
[

HUNTING OVER A P.B.X. GROUP.

FIG. 10.
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Relay HS operates from earth at C3 to merking battery on the Pl wiper (on first line of
group only) via B3, J1 and El,

HS2 opens the busy tone circuit.

HS4 opens the vertical magnet circuit to prevent further impulsing.

When E releases, the rotary magnet circuit is completed in series with the & ohm winding of
relay C to earth at Bl via E3, H8 and HS3. C operates and the wipers are stepped tc the
next line. Contact Rl completes the circait for relay E via N2 and C6, and E reoperates.

Second and Subsequent Lines in Group Busy. HS holds while the wipers are stepping due to
its slug and when C reoperates a circuit is completed to operate relay J on its 500 ohm
winding via HS1 to earth at C3.

The reoperation of relsy E causes the release of the rotary magnet and relay C, and when
C4 releases, a test is again made by the H relay on the P wiper.

Should the second line be busy, the same operation takes place depending upon the release
of relays C ard E.

Relays HS and J hold during stepping due to their respective slugs.

Free Line Reached. When the wipers are stepped on to the contacts of a free line, relay H
operates in series with the line circuit relay X.

H?7 holds relay J operated to earth at D3,

Relay HS releases and the ring is cut-on, as previously described. Subsequent operation
is the same as in the case where the first line was free.

All Lines in the Group Busy. When the wipers have rotated to the last line of the group,
relay HS releases due to the fact that the Pl contact is open-circuit. The testing circuit
for relay H is completed when C releases, but the P contact is earthed, and H cannot
operate,

Relay J releases and, when relay E releases, the busy tone circuit is completed via HS2,
J3, ¥4, E6 and NR2,

Call to Line Other than First Line of P.B.X. Group. A call made to an ordinary line or
to a line other then the first of a P.B.X. group (night service) is completed, as
previously described, if the line is free. If the line is busy, there will be no marking
battery on the Pl contact and relay HS cannot operate., Conseguently, when relay E
releases after the final impulse train, busy tone is given to the caller,

/ 3.
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3. LARGE GROUP P.B.X. FINAL SELECTORS.

3.1 As explained in paragraph 1.6 {iv) of this Paper, one method of trunking to l%rge

groups of P.B.X. lines uses a relay set per line. The outlets of the last rank of
group selectors are graded and give partial access to the P.B.X. group (see Fig. 4).

Fig. 11 shows the circuit of a relay set which provides the ringing and trensmission
bridge facilities normally given by a final selector. The circuit is arranged for
reverse battery metering.

04
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RELAY SET WITH RINGING FACILITIES.

FIG. 1l.

3.2 Circuit Operation, When the relay set is seized from the group selector, relay A

operates over the caller's loop.

Al completes the circuit of relay B which operates.

B2 earths the private wire, and operates the X relay if the line is used for "out"
service. B3 completes the circuit of relay E which operates, and at El snd E2 connects
ringing current to the P.B.X. line,

A ring tone circuit is provided via a small condenser.

E3 maintains the earth to relay K.

When the call is answered, relay F operates and Fl1 "x" completes its locking circuit
to earth at B3.

F2 and F3 extend the P.B.X. loop to the transmission bridge and relay D operates.
Dl and D2 reverse the current to the caller for supervisory and metering purposes.
Release, If the P,B.X, loop is cleared first, relay A releases when the caller

replaces the receiver followed by relays B, E and F and the circuit is free to
accept another call,

/ A
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A last party release feature is provided to ensure that the P.B.X. line is ready to accept
another call before the relay set is freed. If the P,B.X. line is not cleared when the
caller hangs up, relay D remains operated and at D5 maintains an earth on the P wire. D4
holds relays E and F operated.

Relay A releases, followed by the slow release of relay B. During this time, relay C is
energised via Al and Bl, and at Cl removes the earth from the P wire, allowing all
preceding selectors to release.

After the release of relay B, relay C releases slowly and reguards the P wire at Cl until
relay D releases,

Qutgoing Calls. When "In" and "Out" service is required, the relay set is wired to &
uniselector circuit, as shown by the dotted lines. The relay gset is busied by an earth
returned on the P wire via E3 while an out call is in progress.

3.3 P.B.X, Final Selector, Large Group. Latest practice combines the last group selector and
the relay set into one unit, known as a Large Group P.B.,X. Final Selector. The functions
performed by this switch are -

(i) Returns & busy and hold condition to the preceding selectors.
(ii) Steps veriically under the control of the final train of impulses.

(iii) "Cuts in" on the selected level, hunts for and seizes the first free line in
that level.

(iv) Prevents interference with circuits passed over while hunting.
(v) Guards the seized line from intrusion.

(vi) If all lines in the level are busy, transmits busy tone to the caller.

(vii) Applies ringing conditions to the called line when a free line has been seized and
transmits ring tone to the caller.

(viii) Cuts-off ring and ring tone when called party answers.
(ix) Provides a trensmission bridge.
(x) Operates the calling subscriber's meter.

(xi) When the calling subscriber clears, releases all preceding switches. (Last
party release.)

(xii) Releases itself when both calling and called parties clear.

(xiii) Provides a supervisory alarm should the shaft fail to restore after release
conditions are applied. (Release alarm.)

{xiv) Provides a supervisory elarm if the called subscriber's line is held. (C.S.H.
alarm.)

3.4 Fig., 12 shows the circuit of a Large Group P.B.X. Final Selector circuit using 3,000 type
relays. The circuit operation is described below -

Switch Seized. Relay A operates over the caller's loop and Al closes the circuit of relay
B. BYS5 earths the P wire, and B2 completes the circuit of the 1,000 ohm winding of ‘
relay C via NRl, HS4 and N3. C2 and C3 remove relay D from the line wires to reduce
impulse distortion. Bl and Cl prepare the vertical magnet circuit for impulsing.

Vertical Stepping. Relays A, B and C are operated, and when the caller dials, A impulses.
The vertical magnet is operated in series with the 5 ohm winding of relay C via E4, HSZ,
Cl and Bl to earth at Al. Relay L also operates but performs no function at this stage.
During the first vertical step, N3 opens the circuit of the 1,000 ohm winding of relay C,
which holds on the impulses in its 5 ohm winding and releases slowly at the end of the
impulse treain,

/ Fig. 12.
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Cut-in. {See Fig. 13.) The wipers are now standing outside the bank level corresponding to
the digit dialled, and when C releesses, a circuit is completed for relay E via N2, C5,

HS4, NR1 to earth at B2. El closes a circuit for the 1,000 ohm winding of relay HS via Sl
and H7 to earth at B4. HS locks via HS1l. E4 and HS2 open the vertical magnet circuit to
prevent further stepping should the caller continue to dial, HS4 opens the circuit of
relay E, and when E releases, the rotary magnet is operated in series with the 5 ohm winding
of relay C via HS3 and ES to earth at B4.

fii After Completion of Dialling -

C releases slowly.

E operates slowly.
E)m'g' HS operates and locks.

E releases slowly.

vy

C operates.
1 Repeated
N2 Rotary magnet operates. ungii
E reoperates. i
S " i free line
otary magnet releases. is found.

r—{l‘ C releases slowly.
cs R

E releases slowly.

HS
I ’:"‘ AJBS £2 When Free Line is Reached -
- H operates and locks.
1}*' ] NS4 AN p. J operates and locks.
i g B4 HS releases.
E releases slowly.
WA H7 Ring cut-on.
1000 Ed st

HUNTING FOR FREE LINE.

FIG. 13.

Hunting and Testing. The wipers are now standing on the first outlet in the dialled level
and when the rotary magnet completes its stroke, Rl closes the circuit of relay E. When
E operates, the rotary magnet circuit is broken at E5, and C releases slowly. The outlet
is tested with the 1,000 ohm winding of relay H via C4, E5 to earth at B4 and if the free
condition is encountered (negative battery through 1,300 ohms), H operates. On busy
outlets, the P wire is earthed and H cannot operate. In this case, when E releases, the
rotary megnet operates to step the wipers to the next outlet.

Free Line Reached. Interaction of relays C and E and the rotary magnet continues until a
free line is found, or the 1llth contacts are reached by the wipers. Relay H operates on its
1,000 ohm winding to the marking battery on a free line and H locks on its 400 ohm winding
via F3, H4, NR1 to earth at B2. H3 earths the P wire to guard the seized line. H?7 opens
the cireuit of relay HS which relesses, and Hl closes the circuit of relay J via ¥5 and D3.

Ring Cut-on. J1l completes the ring tone feed to the caller via F4 and transmission
condenser QA. When E releases, ringing current and ring return battery are applied to the
seized line via E3 and E2 respectively.

Called Party Answers. When the called pserty answers, relay F operates and trips the ring.

F3 operates first and removes the short circuit on the 400 ohm winding, allowing F to lock

in series with H. F4 opens the ring tone lead, and F5 closes a holding circuit for relay J
via J2., Relay D operates to the P.B.X. loop, eand D1 and D2 reverse the current feed to the
calling line. D4 applies positive battery to the P wire for metering purposes, and D3

/ opens
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opens the circuit of relay J, which releases slowly. J3 replaces earth on the P wire
after the meter pulse.

Last Party Release. The circuit is arranged for last party release, and when the
calling party clears, relays A and B release, reoperating relay L during the release
time of B. B5 removes the holding easrth from the P wire, allowing preceding switches

to release, After a brief unguarded interval, L releases and L1 reconnects earth to the
P wire via H6,

When the P.B.X. line is cleared, relay D releases, followed by relays F and H. H3
completes the release magnet circuit and the switch restores to normal. During release,
the switch is guarded by earth from Zl.

All Outlets Busy. Should a2ll outlets -in the dialled level be busy, the wipers are
stepped to the 1lth contacts, and S springs operate. Sl opens the circuit of HS and
the opening of HS3 prevents further rotary stepping. At S2, busy tone is connected to
the calling line,

4. TEST QUESTIONS.

1. List the functions performed by-a P.B.X. Final Selector of the 2-10 type.

2, A P.B.X. group in a Strowger exchange extends from JA 3623 to JA 3628, What are the
circuit operations immediately following the units train of impulses if a subscriber
dials the number JA 3625 and that line is busy?

3. List and briefly describe five schemes for dealing with large P.B.X. groups.

4, A subscriber having eight exchange lines connected to a 2-10 P.B.X. group, applies
for four additional lines. What arrengements could be made in the exchange to cater
for this development?

END OF PAPER.
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1. INTRODUCTION.

1.1 In rrevious Papers, it has veen considered, for the sske of simplicity, thst =11
telepinone subscribers in an area are connected to the one exchange. This is rarely
the case in actual practice, as in a large area it is more economical to treak up the
whole area into smesller "exchange areas",

Each subscriter can cell every other subscriber in the area, and the unit fee (one
operation of the meter) is charged for such calls. The areas is, therefore, called a
"Unit Fee" area. Cslls to subscribvers outside the unit fee ares are obtained through
a trunk line switchboard serving the ares. In overseass practice, calls involving two
or more counts on the meter mey te made directly by the subscriter in some csses
(multi-metering).

1.2 Metropolitan unit fee zreaes extend over hundreds of square miles and, if all subtscribers
were to be connected to a central exchange, many lines would be from 15 to Z0 miles in
length, To give the required standard of transmission performance (see Paper No. 1,
page 20), it would be necessary for line wires of much larger diameter than normel to
be used on long lines. This would meesn an enormous increase in the costs of cable and
aerial line construction.

Normally, subscribers' distribution is mede with cable having wires of 6-1/2 1t. or

10 1b. per mile, the latter heving a resistance of 176 ohms per loop mile. Trus, the
length of subscribers' lines must be no more than about three miles in length in order
to comply with transmission requirements.

1.3 By reducing the size of the exchange areas, the average length of subscribers' lines is
correspondingly reduced and cable having lighter conductors may be used. This results
in a considerable saving in line plant costs, but against this must be balanced the
cost of the buildings and additional power and common equipment. Also, junction
circuits must be provided to handle calls between exchanges in the network.

1.4 A typical metropolis may comprise a business and industrial centre or centres surrounded
by residential and small business communities., The number of telephones per unit area
(the "Teleprone Density") is generally highest in the business and factory districts,
while in the residential belt the telephone density is usually comparatively low,

If the area to be served is geographically smell and the telephone density diminishes
fairly regularly from the centre of the area, it is usual to provide a single exchenge.
If, however, the area is large and the telephone density is high in different psrts of
the area, two or more exchanges must be provided.

Geographical features, such as rivers, cliffs, etc.,, may also make it economical to
establish an exchange in an isolated location, thus avoiding difficult line construction.

1.5 In Australian practice, the largest automatic exchanges are of 10,000 line ultimate
capacity. This is decided from the average telephone density conditions and from the
point of view of convenient size of buildings. Also the possibility of complete
disruption of service in the case of fire or enemy attack is reduced.
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There are 10 numbers on the sutomatic dial, znd 2 unit fee aree may

Z+1 Main Txchanges.
te divided into 10 corresponding exchange areas, If each exchange has z maximum of

10,000 lines, subscribers will dial five digits., The first digit serves to select the
reguired exchange, the last four digits serving to select the required number from the

10,000.

To aid the memorising of numters, only four figures are used in the subscribers'
numbers, any additional digits being represented by letter prefixes. Thus, 43562
becomes 7 3562 as the letter J is associated with the figure 4 on the standard dial.

of this Book, level 1 of the first group selectors is not
usually allotted, and level O (or Y) is sometimes allotted for the trunk exchange.
Fig. 1 shows a multi-exchange area having eight exchanges.

)

As a subscriber in any of these exchange aress may desire to call a subscriber in any

of the other exchange areas, it is necessary to provide junction circuits from each
exchange to every other exchange. Under these conditions the exchanges are known as

"main" exchanges,

Each

o

Fig. & shows the junction routes necessary between the eight exchanges.
connecting line represents a group of junctions in each direction, the number of

junctions in each group depending on the traffic to be carried.

JUNCTION ROUTES BETWEEN MAIN EXCHANGES.

MULTI -EXCHANGE AREA.

FIG, 2.

FIG. 1.
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2,3 As a five-digit numbering scheme is used in the examrle guoted there will be 1lst, Znd and
3rd group selectors and final selectors in each exchange as shown in Fig. 3.

In each case the outgoing junctions are trunked from the 1st selector bank levels and
terminate on incoming 2nd selectors at the distant exchange. The term "Incoming"
selector is used to distinguish them from "Local" selectors, the latter being trunked
from the local level of the lst selectors.

2.4 Relay-Set Repeater. If the outgoing lst selector levels were connected directly to the
junction and thence to an incoming 2nd selector at the distant exchange, it would be
necessary to provide three-wire junction circuits so that the holding and sguarding
functions of the private wire could be fulfilled., Also, for transmission purposes, it
is necessary to provide a transmission bridge in the caller's exchange.

A relay-set repeater is connected between the lst selector and the junction, and enables
a two-wire junction to be used. It provides the transmission bridge, performs the
necessary metering function and repeats dialled impulses over the junction to operate
selectors in the distent exchange. TFig. 35 shows the route taken ty a call from a
subsceriber on the "U" exchange to a subscriter on the "F" exchange.

FROM OTHER
MAIN EXCHANGES

SUBS
UNISEL jsr. 2ND SELS. 3®p FINAL
SEL. LOC. INC. 3EL. SEL,

= — = =

—_—3 e —— ——

'
!
)
L]

"U" EXCHANGE “F" EXCHANGE

' INC

RELAY-SET I nd ”D FINA

REPEATER i ECL §EL SELF

e B e Ry I |
' — — —
! = =E = ouw
— —_— —_— sSUB

l FST760

CALL FROM U 2326 TO F 5760,
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2.5 Junction Bunters. Where exchanges are equipped with group selectors having 10 outlets
per level, it is usually the practice to provide a rank of junction hunter switches
{previously ¥nown as Secondary Cutgoing Line Switches or Traffic Distributors) between
the group selector bank levels and the relay-set repeaters, as shown in Fig. 4. These
switches are £5-point non-homing uniselectors, and increase the traffic carrying
efficiency of the junctions.

2.6 Branch Zxchanges. If the nwnber of telephones in the area increases, so that six-digit
vorking is necessarv, one or more of the main exchange areas may be divided to form up
to 10 exchange areas, as shown in Fig. 5, where the "F" exchange area is so divided.

I1ST GROUP
SELECTOR
D LOCAL 2n®
SELECTORS
—— 1
- - '
— JUNCTION
HUNTER
3 RELAY~SET
REPEATER
i JUNCTION

USE OF JUNCTION EUNTERS. MAIN AND BRANCH EXCHANGES.

FiG, 4. FIG. 5.

The new exchanges are called "Branch" exchanges as they can be considered to be portions
of the main exchange located in separate buildings. The branch exchangeg are linked by
junctions to their main exchange and an additional letter prefix (FW, FX, FY, etc.), is
usually given to the branch exchange subscribers' numbers to raise their individual
capacities to 10,000 lines., Similarly, a second lett®r prefix is required to raise the
main exchange capacity to 10,000 lines.,

In deciding the numbering scheme for an autometic area, allowance has to be made for the

number of lines that will ultimately exist in the area (that is for 20 years ahead). It

is, therefore, necessary to adopt a2 numbering scheme which can easily be expanded to meet
the growing needs of the area.

A main exchange with its dependent branch exchanges is known as a2 main exchange group.

/ Pig. 6
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Fig. 6 shows the trunking arrangements for typical main and branch exchanges.
FROM OTHER
MAIN EXCHANGES
SUBSCRIBER'S
UNISELECTOR
18T SELECTORS 2ND SELECTORS 3RD 4TH FINAL
LoC. INC. LOC. INC. SELECTOR  SELECTOR SELECTOR
HUNTER
RELAY SET
REPEATER
RELAY SET MAIN
TO OTHE! REFESTER EXCHANGE
EXCHANGES (F&)
A Y
SUBSCRIBER’S
UNISELECTOR RELAY. SET
INCOMING q4TH FINAL
2 J\ REPEATER 3k SEL. SELECTOR SELECTOR
J — — —  BRANCH
el — ==  EXCHANGE
— J— e FY)

MAIN AND BRANCH EXCHANGE TRUNKING DIAGRAMS,

FIG. 6.

Calls to subscribers on the branch exchanges have "F" as the first digit and are switched
to 2nd selectors at the FA mein exchange, TUpon the second digit being dialled, say it

is Y, the call is extended over a junction to the FY branch exchange via a relay-set
repeater (and possibly a junction hunter). There an incoming 3rd selector is seized and
accepts the third digit. The fourth digit operates a 4th selector and the final two
digits serve to select the required number on a finel selector.

When a branch exchange subscriber lifts the receiver to make a call, a lst selector at
the parent main exchange is seized over a junction and dial tone is given to the caller.
The call is set up in the same way as a call made by a main exchange subscriber.

2.7 Discriminating Selector Repeasters (D.S.R.). With the arrangement shown in Fig. 6, a call
from a branch exchange subscriber to another branch exchange subscriber passes over an
outgoing junction to a lst selector in the main exchange and back over a second junction
to the 3rd selector in the branch exchange; thus,; two junctions between the main and
branch exchanges are held while a branch exchange local call is in progress.

If the proportion of local calls is comparatively high, or if the distance between main

and branch exchanges is considerable, it is generally economical to provide special

arrangements which keep the junction reguirements down to the lowest possitle figure./
A
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4 two-motion selector, known &s a Discriminsting Selector Repester (D.S.R.) or Switching
Selector Repeater (S.S.R.), we2s developed to meet this requirement. This switch combines
trhe functions of toth a selector and a repeater., It serves as a repeater on outgoing
calls and =3 & selector on local calls. Fig. 7 shows a branch exchange trunking diagram
with D.S.R's.

SUBS,
UNISELECTOR
LOCAL INC.
ane {sT ' JUNCTION
SEL. sEL. ! HUNTER D.S.R.
O ===-
-_ == ) =
RELAY SET 3RO SELS. 4.7 FINAL
REPEATER . INC. LOC. EL. SEL.,
= O O
MAIN 'JUNCTIONS ~ BRANCH e = _e.
EXCHANGE EXCHANGE —_— — o

BRANCE EXCHANGE WITH D.S.R's.

FIG. 7.

When a branch exchange subscriber lifts the receiver to originate a local call, a D.S.R.
is seized. The associated [unction hunter selects 2 junction to the main exchange, where
a lst selector is also seized. With the transmission of the first train of impulses both
the selector and D.S.R. orerate and the 1lst selector hunts for a free 2nd selector. The
D.S.R. shaft and wipers restore to normal after cutting-in on the dialled level, and the
D.S.R. is said to have "atsorbed" this digit. The second train of impulses operates the
2nd selector at the main exchange, and the D.S.R. at the branch exchange steps vertically,
cuts in and seizes a free local 3rd selector. The junction to the main exchange and the
switches there are released.

If the call is not for the local exchange, the D.S.R. functions as a repeater, the wipers
being disconnected.

2.8 Direct Switching Between Branch Exchanges, The direct distance between adjacent branch
exchanges is often far less than the route via the main exchange, and, in many cases, it
has been found economical to provide direct junctions. In such cases, the D.S.R.
functions as a selector-repeater on calls between adjaéent branch exchanges and the
junctions to the main exchange, and the 1lst and 2nd group selectors, are released and
become available for other calls.

/ 2.9
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Direct Switching from Branch Erchange to Main Zxchange. In cases where large numcer

of calls are made from a branch exchange to its parent main exchenge, direct ‘unctions
may be trunked from the relevant D.S.R. benk level to incoming J3rd selectors zt the
main erxchange. Such calls are switcned over this route, and lst and 2nd selectors at
the main exchange are relezsed and vecome available for other calls,

In areas where the telephrone density is relatively low, smaller

exchanges may be provided, The outgoing junctions from "Satellite" exchanges do not
connect directly to lst selectors at the parent main exchange, but to relay-set
repeaters or D.S.R's. at a tranch exchange.

A satellite exchange, depending on its size, is allotted vortion of the numbering
range of the branch exchange to which its main traffic outlets are connected.

Trunking arrangements are shown in Fig. 8§ for a satellite exchange FY8, having 1,000
lines capacity. A satellite heving more than 1,000 lines takes up two or more 3rd
selector levels et the branch exchange and requires a corresponding number of incorming
junction groups. Smaller satellite exchanges may have uniselectors, relay-set
repeaters and final selectors only; these latter switches teing trunked over junctions
from 4th selector levels at the branch evchange.

SUBS. l { SUBS.
| I UNISEL. I UNISEL.
st
1 . £ U R
N D.5.R SR
2_1 REPR. =S5 INC. LOC.
= [F 1) =45 -
] ! :
! TO — ——
OTHER |== —-——l LONCMHER
BRANCHES| —— = MAIN
(DIRECT § = ——""_____f EXCHANGES
JUNCTIONS) e 1 ! P —
’ , —_——-—
- s
c. i
3%0SELS, | RELAY SET st
0 LOC. INC. REPEATER F——%%
INC. "D Dt—:— EXCHANGES
FINAL 4.7“ — . —
SEL. SEL. e ——ee
-~ —— ! TO OTHER ) s
J_—_ BRANCHES { ==————
= = ' l: Vo
: e l TO 47T ———— e
== = SELECTORS TO 380
S = . SELECTORS
— E s 1} 1
SATELLITE BRANCH MAIN
EXCHANGE EXCHANGE EXCHANGE

SATELLITE EXCHANGE TRUNKING DIAGRAM.

FIG. 8.
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£.11 Co-Main Exchanges. In lerge cities the incoming 2nd outgoing traffic is usually much
heavier in the main exchange grour serving the city business centre than in other main
exchange groups.

In these cases, a2 single main exchange for the city group would require a very large
nunter of group selectors tc handle the originating and terminating traffic. The exchange
building would need to be very large and there would be a heavy concentrstion of junction
cables at the main evchange. This arrangement is inconvenient and very vulnerable in

the case of emergency.

A scheme has been developed whereby =2ach of the evchanges in the main city grour becomes
a "Complementary" mein (or Co-mein) exchenge, and each have ‘unctions ocutgoing to every
other main exchange. Junctions from other main exchanges terminate on incoming Z2nd
selectors at a convenient co-mein exchange, and calls for other co-main exchange
subseribers are passed on from the second selector levels over junctions to incoming
3rd selectors. Fig. 2 shows the trunking arrangements at 2 typical co-main exchange,
BY. In this way the traffic, and junction cables, are shared evenly among all the
erzchanges in the group.

SUBS.
UNISELECTOR
]51’
SEL
RELAY- SET [==
REPEATER | emem
TO EACH OTHER —
MAIN EXCHANGE =

FROM OTHER _
MAIN EXCHANGES™ D D_

RELAY—SET
REPEATER

TO EACH OTHER
CO-MAIN EXCHANGE

3R° SELS. AT FINAL
3 . SEL. SEL

z
0
=
0
0

FROM EACH OTHER_,
CO-MAIN EXCHANGE ™

0
]
mnnmEl

il

CO-MAIN HEXCHANGE TRUNKING DIAGRAM,

FIG. 9.
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3. RELAY-SZT REPEATERS (AUTO-2AUTO).

S.1 From the foregoing, it is seen that, when & call is set up from a subscriber on cne
evchange to a subscriber on a second exchenge, & relay-set repecter is brougnt inte

use. Fig. 10 shows the through connections on a typicel call between exchanges.

Note the method of eliminating the private wire between exchanges. The relay-set also

hzs a polarised relay which operates on the reversal of current on the  unction when

the called party snswers, and gives metering and supervisory conditions to the caller.

3.2 The general functions of a relay-set repeater are as follows -

(i) Ccnnects guerding and rolding earth tc the P wire toc hold preceding
switches and so allows the use of two-wire junction circuits.

(ii) Provides 2 transmission tridge to feed current to the czlling party.

(iii) Repeats dislled impulses from the caller over the junction to operate selectors
at the distant exchange.

{iv) When the called party answers -

(a) Operates the calling party's meter.

{b) Reverses the current flow to the calling line for
Supervisory purposes.

(v) When the calling party clears, releases preceding and succeeding switches, and
guards the ‘unction to cover the reiease of the incoming selector,

JUNCTION | EXCHANGE "B”

EXCHANGE "A” |
4 .
CALLING| LINE l 137 RELAY SET 2Ne I e FINAL SELECTOR I LINE 'CALLED
LINE CIRCUIT [SELECTOR REPEATER SELECTOR ISELECTOR CIRCUIT | LINE
'
1

e e O s

r
o

(e

.

I

I

|

I

!U

IO

p
SRRV i (S| £

TYPICAL CONNECTIONS OF CALL BETWEEN EXCHANGES.

FIG. 10.
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2.3 Relay-Set Repeater (Auto-Auto) with Strowger Relays. Fig. 11 shows the circuit of an early

ROM
SWITCH

F
PRECED!NGﬁ

type of relay-set repeaster, arranged for booster battery metering. The circuit operation
is descrited below -
—P

YA

2000

F1

= 1L

2ALF S S ——=
s B2

TO
JUNCTION

_J?\, 3
A2

250

B
IIT y
| 8 -I;4—-—__4r" B4
Fﬁ Eg Al

£
1

—im

750

H4

G4 H2 “*i;?‘ﬂ

YB €50

BOOSTER J

BATTERY S
CHAIN
CIRCUIT

RELAY-SET REPEATER (AUTO-AUTO).

FIG. 11.

Relay-Set Seized. When the calling subscriber's loop is extended from the preceding

selector, relay A operates over the loop via Dl and D2, Al completes the circuit of
relay B which operates.

Bl earths the P wire to hold the preceding switches., B2 and A2 complete a2 loop circuit
to operate the incoming selector at the distant exchange via Cl, 60 ohm winding of relay
F, D& and 250 ohm winding of relay E.

E operates and El closes the relay-set chain circuit.
B3 closes the circuit of the 1,900 ohm winding of relay F, which does not operate at this
stage. Relay F will not operate on the current in either winding alone, or with the

current in the 60 ohm line winding in the normal direction. B3 also closes the circuit
cf relay G, which operates.

G2 further bridges the chain circuit. Gl prepares the metering circuit.

/ Impulsing
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Impulsing. Cn the first impulse being received from the subscriber's dial, relay A
restores, but relay B holds, due to its release lag of approximately 300 mS.

Ll completes the circuit of relay C which operates, and remains cpersted during the
impulse trsin. AZ opens the loop to the distant exchange, and causes the selector to
step.

Cl short-circuits the 60 ohm winding of F and the relay E winding to reduce the
impedance of the circuit for the distant relay A while impulsing. After the impulse
train, relay C releases, reconnecting relays F and E into the holding loop circuit. To
avoid making Cl make-before-brezk, 2,000 ohm resistance YA is connected across its back
contacts, and prevents the possibility of a false impulse being delivered when relay C
releases. This resistance also prevents the short circuiting of the transmission
condensers, which would cause distortion of the repeated impulses.

Subsequent impulse trains are repeested in the same way, relay C operating during the
first impulse of each train.

Called Party Answers. When the called party answers, the final selector at the distant
exchange reverses the current flowing over the junction loop. The twc windings cof relay
F now assist and F operates. Fl provides an additional short-circuit on the £,000 ohm
resistance YA, while F2 closes the circuit of relays D and H.

Relay D operates and Dl and D2 reverse the current feed to the calling telephone. D3
connects the 750 ohm winding of relay T in series with its 250 ohm winding tc increase
the impedance of the holding loop, reducing shunt losses.

Relay H operates end locks via H2 to earth et B3. H3 maintains the chain circuit; H1
compietes the booster battery circuit to operate the caller's meter, =nd H4 opens the
circuit of relay G.

When G releases, the booster battery is disconnected and replaced with earth. The meter
pulse is applied to the P wire for the release time of relay G, approximately 300 mS.
The 50 ohm resistance YB prevents short-circuiting of the booster battery while Gl and
Hl are changing-over.

Release of Connection. When the calling subscriber replaces the receiver, relay A
releases and Al opens the circuit of relay B. A2 opens the junction loop circuit,
allowing the switches at the distant exchange to release.

B releases after its slow release period, covering the release of switches in the
distant exchange. Bl removes the earth from the P wire, allowing all preceding switches
to release. B2 and B4 release the remaining repeater relays.

3.4 Relay-Set Repeater (Auto-Auto) 3,000 Type Relays. Fig. 12 shows the circuit of a modern
relay-set repeater using 3,000 type relays. The functions and principles are the same
as those previously described, but the circuit embodies many new features. The circuit
operation is described below -

Relay-Set Seized. When seized from the preceding switch, relay A operates via D1 and
D2 in series with the ballast resistor. Al closes the circuit of relay B, whilst A2
completes the junction loop circuit via relay E and rectifier MRC.

B operates and Bl earths the P wire via G5. B2 prepares the circuit for relay C, B3 and
B4 close the circuits of relays G and HA respectively.

HA operates and performs no function at this stage.

G operates and Gl closes the chain relay link, G5 transfers the P wire to earth at D4,
and prepares the metering circuit.

/ Fig. 12.
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E operates over the  unction loop in series with the selector relay A. This operation is
known as the "initial pick-up”. To reduce the impedance of the loop circuit and allow
the selector relay A to operate guickly, 800 chm resistance (L) shunts the relay E
winding, and is removed by El., E2 further bridges the chain relay link,

Impulsing. When the subscriber dials, relay A impulses, Al completes the circuit of
relay C and AZ opens the loop to the distant exchange.

C operates during the first impulse of each train and remeins operated for the remainder
of the train. C1 'short-circuits relay & and rectifier MRC, I releases during each train
and, when C releases, is again included in the loop circuit. This is termed the
"subsequent pick-up," and E reoperates.

Called Party Answers. When the called party answers, the current cver the junction is
reversed, and the comparatively low forward resistance of MRB allows relay F to operate
in series with relay X. Rectifier MRC, due to its high reverse resistance, no longer
shunts relay ¥, F2 completes the circuit of relay D, which is slow-operating to cover
the "flick" operation of ¥, due to line surges, etc.

On operation, D3 opens the circuit of relay & and closes a temporary locking circuit for
D via H5. Dl and D2 reverse the current feed to the calling subscriber's line. To
prevent relay A releasing during the reversal of current, a 3,000 ohm resistance is
connected across relay A by Fl. D4 closes the positive battery metering circuit via

50 obm YA,

After its release lag {approximately 300 mS), 3 releases and replaces the positive
battery on the P wire with earth at G5. Rectifier MRA maintains an earth on the P wire
while G5 and D4 are changing-over. G4 opens the local loop circuit on the A relay. G3
closes the circuit of relay H via HS5 and D3 to earth at B3.

H operetes, and locks via HEZ to earth at B3, Hl connects a parallel earth to the P wire,
and H4 opens the positive battery lead, preventing further meter pulses. H3 bridges the
chain relay link. H5 opens the temporary locking circuit of relay D, which is now
controlled by relay F.

Earth is also extended to the M wire for metering. This is reguired only in branch or
satellite exchanges, where the relay-set repeater is connected directly to subscribers'
uniselectors designed for fourth wire metering.

Release of Connection. If the called party restores first, relay F and D release. When
the calling party restores first, relay A releases, followed by relays F, £, D, B and H.
Reley B has a2 release lag of 200-250 mS and after the release of D, relay G is operated
via D3 to earth at B3. Relay C is operated via B2 (and G2) to earth at Al.

Farth is removed from the P wire when B releases allowing preceding switches to release,
and HA releases., After the release time of HA (approximately 15-20 mS) the P wire is
re-guarded at C2 until relays G and C release., This allows the selector at the distant
exchange to restore to the normal position before the junction is made free.

3.5 Circuit Details. Following the introduction of the 3,000 type relay, various alterations

were made to relay-set repeaters, and these are described below -

Impulsing Relay. The A relay is fitted with make-before-break (K) contacts in lieu of
change-cover (C) units, and stiff back springs are used to reduce the "Bunching" time of
these contacts. The coil resistance is 50 ohms/50 ohms, and three nickel-iron sleeves
are placed over the core to increase the impedance to voice-frequency currents., The
relay is fitted with an isthmus armature and s magnetic shield (see Paper No, 1,
paragraph 7.8).

/ Ballast
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Ballast Resistor. This limits the current on short lines and gives an increase of current
on long lines.

+ ja QA In btranch and satellite exchanges where subscribers'
L1 uniselectors are trunked directly to relay-set
- 11GB repeaters, consideratle trouble has been experienced
1 with the failure of bvallast resistors in service, as
Di D2 a result of subscribers' lines contacting with power
lines,
BRA

At these exchanges the circuit may be altered, as
shown in Fig. 13, As the ballast resistor is not
generally used for transmission until a current

o o reversal is given, it is replaced by 150 omm
150 S g {50 resistors until relay D operates, when the ballast
— - resistor filaments are connected into the relay A
circuit.,
Should the ballast resistor fail in service, a
1,000 ohm resistor connected across each filament,
will prevent the release of relay A when reversal
@A takes place. The conversation may proceed but with
lowered transmission efficiency. The reduced speech
1]:: L3 volume caen be detected readily during tests.
Sparking at Relay A Contacts. Sparking at these
BALLAST RESISTOR, contacts is quenched by connecting a resistance of
5,000 ohms across the coil of relay B, and one of
FIG. 13, 3,000 ohms across relay C.

Polarised Relay. The present standard circuit uses a rectifier-polarised relay in lieu of
a shunt-field type used in some circuits (see Fig. 14). This arrangement is more reliable
in operation as the shunt-field relay has a tendency to "flick" up when the circuit of the
polarising winding is closed and, in zddition, there is no need for a special relay. The
line winding of the shunt-field relay is shunted by a rectifier to reduce the impedance in
the junction loop, so reducing "pick-up" troubles on long junction lines. Contacts F2 and
G4 shunt A2, preventing the possibility of a false impulse should relay A flick during
reversal,

b

EARLIER CIRCUIT USING SHUNT-FIELD RELAY.

FiG. 14.
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4, JUNCTION HUNTERS.

4,1 Junction hunters are connected between group selector bank levels and relay-set
repeaters, to increase the traffic carrying efficiency of the junction group. They
are similar in cperation to subscriter's uniselectors except that traffic is handled
in one direction only. These switches must operate during the dial interdigital
pause, and are usually of the non-homing type to reduce hunting time.

Fig. 15 shows the circuit of a non-homing type junction hunter. This circuit is
arranged to advance the wipers two or three steps when the switch is seized, before
testing for a free outlet. In this way successive calls will seize different
junctions, preventing a caller d¢ontinuously engaging & faulty junction,
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4.2 The Tunctions rerformed ty tiis circult are -

Juncticon Hunter.

{i) Adveonces the wipers two or thnree steps when seired.
(ii) Returns gusrding and holding earth on P wire.
(iii) Funts for and seizes the first free junction,
(iv) Prevents interference with circuits passed over while aunting.
{v) When relesse conditions are applied, disconnects the wipers. (Non-homing.)

Group Contrel Cireuit. When sll outlets in the group are busy -

(i) Marks all idle switches in grour busy to seasrching selectors.
(ii) Returns busy tone to callers held in group.
(iii) Prevents continucus roctation of junction hunters.
4.3 The circuit operation is describved below -
Switch Seized. Tarth is extended by the group selector over the P wire and operates
the drive megnet via its interrupter contacts, AL and B4. At the same time the caller's
loop completes the circuit of relay £, which operates slowly. The junction hunter self-

drives until A operetes, stepping the wipers two or three steps.

A2 opens the stepping circuit and earths the P wire to hold preceding switches and guard
the connection,

Al, AS and A4 complete the circuit for hunting and testing.

Hunting and Testing. Al makes first to prevent premature operation of relay B, ZEarth
on busy outlets operates the drive magnet via its interrupter contacts, A3 and B3, and
the wipers step until a free cutlet is reached. Relay B is no longer shunted, and
operates from earth at A4 to battery through 300 ohm resistance (B).

Switching Through. Bl, B2 end B4 switch the negative, positive and private wires
respectively through to the relay-set repeater. B3 connects the P wire to relay B,
which is held operated for the duration of the call by earth returned from the
relay-set repeater. Relay A releases after its slow release period.

Release. When the calling party restores, earth is removed from the P wire at the
relay-set repeater and relay B releases, disconnecting the wipers.

All Qutlets Rusy. When the last outlet is taken into use, the relay-set repeater chain
contacts complete the circuit for the operation of the chain relay CH.

CH1 opens the circuit of relay OM, which is normally operated. The contacts of OM

remove battery from all junction hunter drive magnets in the group, preventing continuous
rotation, and replace it with earth through a protective resistance to busy all idle
switches.

CH2 removes the earth from junction hunter B2 contacts, preventing the operation of

relay A should a caller have switched to a junction hunter in the busy group before the
operation of the chain relay. Busy tone is given to the caller in this case,

/ 5.
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5. DISCRIMINATIN. ZZLSCTOR RIPHATIRS.

w

5.1 This switehr is used in trsneh evclanges to rrovide o me of releasing tas 'meticons
tn the main eichange, and the there, wiien 2 call originzting in the tranck
exchange terminates in thre same ctranch sxchonge, or an ad acent sctellite exchonge.
By tiis means, tie number of nctions reguired between the tranch evchanges and the
parent main excncrege is reduced, znd there is 2 seving in the amount of switching
ilent necessary at the moin eveharge,

3

Ag erplsined in yaragraprns .7 to f.0 the Discriminating Selector Reveater (D.S.R.)
rrovides means of routing o call -

—

i) Via the psrent mzin exchange 1o
{ii) Direct to local 4rd selectors ot
(1ii) Direct to incoming ¢rd selector

nt+

(iv) Direct to incoming srd sele

other main erchange grould.
t the local breach excuange.

s at =2n ad acent branch han
rs 2t the parent msin exchnonge

0]

g2,

.
A ‘unction hunter is 2ssocisted with ezch D.S.R. tc enabvle & saving to be made in the

number of unctions reguired to the mein exchnange.

Fig. 1¢ shows the trunking disgram of a tyrizsl branch exchange (1W) showing the
routes 2 2all may takre.
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FIG., 16.
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5.2 Digit on which Discrimination Takes Place. In this respect there are three types of D.S.R.
Cne type discriminates whether the call will be completed over the ‘unction to the main
exchange or via a direct route, after the first digit has been dialled. These may be
used only where no other numbers in the system begin with the same digit as those of the
braench exchange, The other two discriminate on the second and third digits respectively.

The switch described discriminates on the second digit, since it is this type which finds
most frequent application in practice.

5.3 Functions of D.S.R. Fig. 17 attached shows the circuit of a pre-£,000 type D.S.R.,
discriminating on the second digit, together with its associated junction hunter. The
functions of this circuit are -

(i) When seized, connects a guarding and holding earth to the P wire.
(ii) Causes the junction hunter to operate and seiue a junction to the main exchange.
(1ii) Steps the wipers to the dialled level, and automatically cuts-in.

When the first digit dialled does not correspond with the first digit of the local
branch exchange numbers -

(iv) Repeats the dialied impulses over the junction to the main exchange.
(v) Provides a transmission bridge to feed current to the caller.
(vi) When the called party enswers -

(a) operates the calling party's meter, snd

(b) reverses the current flow on the calling line.

(vii) When the celling party releases =

(2) allows the preceding switches to release,
{b) releases the junction hunter and junction, and
(c) releases itself, and gives a supervisory alarm if it fails to release.

When the first digit dialled corresponds with the first digit of the local branch
exchange -

(viii) Releases the wipers from the bank level.
(ix) When the second digit is dialled, steps the wipers to the corresponding bank
level, and automstically cuts-in.

When the call is to be completed over the junction to the main exchange - see {iv) to
(vii) above.

When the call is to be switched directly {(to local brench, adjacent branch, or parent
main exchange) -

(x) Hunts for and seizes the first free trunk in the dialled level.
(%¥i) Releases the junction to the main exchange.
(xii) Repeats succeeding impulses to group selectors.
(xiii) Provides a transmission bridge to feed current to the caller.
(#iv) When the called party answers -

(a) operates the calling party's meter, and
(b) reverses the current flow on the calling line.

(xv) When the calling party releases -

(2) allows the preceding switches to release,
(b) 2llows following switches, or junction, to release, and
(c) releases itself, and gives an alsrm if it fails to release.

(xvi) When all outlets in dialled level are busy -

(a) steps the wipers to the llth bank contacts,
(b) releases the junction to the main exchange,
(¢) operates an overflow meter, and
(@) returns busy tone to the caller.

Functions of Junction Hunter -

(i) Hunts for and seizes the first free junction when engaged by the D.S.R.
(ii) Prevents interference with circuits over which the wipers are passing.
(iii) Guards the seized junction from intrusion. / (iv)
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(iv) If all junction outlets are busy -

(a) returns disl tone to the celler, and
(b) if the call is routed via the main exchange, returns busy tone to the caller
after the necessary discriminating digits have veen dialled.

(v) Advances the wipers when the switch is released.

5.4 Discrimination between Calls via Main Exchange and Calls Switched Directly. Associated
with each normal private contact in the D.S.R. bank is an auxiliary private contact (Pl}.
Discrimination between levels is made by means of the connections to the first Pl contact
in each level, enabling the switch to determine the routing of the number being called.
Fig., 18 shows the connections to the Pl contacts of D.S.R's. in the case of the branch
exchange shown in Fig. 16. If direct junctions are provided to adjacent tranch exchanges
or to the parent main exchange, the Pl contacts of the corresponding bank levels are
strapped to thet of the local branch exchange level. The Pl contacts are individual to
each switch bank and are nct multipled es ere normal bank contacts.
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When the first digit dialled c¢oHrresponds to that of the local branch exchange, in this
case U, the Pl wiper encounters earth, resulting in the operation of relay D and the
release magnet. The D.S.R. releases, but the lst selector at the main exchange is held.

The second digit agsin steps the D.S.R. wipers and if direct switching is required, no
earth is found by the Pl wiper, this being removed by the operation of relay D, This
allows the D.S.R. to function as a selector-repeater, and the junction to the main
exchange is released.

If the first or second digits dialled do not correspond with those of the local or
adjacent exchanges, earth via 1,000 ohms allows relay K to operate (but not the release
magnet) and the D.S.R. functions as & repeater, the wipers remeining on the first
contacts of the dialled level,

5.5 The operation of the D.S.R. and associated junction hunter (Fig. 17 attached) is
described below -

D.S.R. Seized. The subscriber's loop is extended from the line circuit and relay A
operates via Fl and F2 in series with 150 ohm resistors YB and YC. Al completes the
circuit for relay B, which operates. Bl earths the P wire via F4. B2 completes the
circuit of the polarising winding of shunt-field relay E, and also that of relay J via

K3 and D4. J operates and locks via J3 and F3. B3 prepares the vertical stepping circuit.
J4 completes the supervisory alarm circuit to indicate permanent loop conditions.

Junction Hunter Seized., A2 loops the junction hunter JA relay from battery via 300 ohms
(JB), JB3, H4, 500 ohm (H), E1, line winding of relay E (which does not operate), A2, HS
and JB2. JA operates and JA3 connects the junction hunter drive magnet to the P wiper,

/ causing
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euusing the unction hunter to step the wire 7er vusy contzcts, whiech are marked vy earth.

During hunting, relay B is shunte
zarth from the DJ3.,R. hold lead =i 3
citlet 1s resched 7E oreraztes in series

trhe drive magnet, JA and JB voth remeinin

¥ earth m tusy rrivete contacts on one side, and
S on the otrer side, and vwhen & free

; magnet., Bl connects relay J4 to

B4 crerstes the O relay associcted witrn tie RS junction, and CH: guards the f'nﬂtwon
from intrision, JBZ and BY switceh the nrough to the ‘unetion and the 1st
selector at tre main exchange is sei ed. returned to the calling subscrlter
from thne 13t selector vie trensmission congensers, i and 4B.

er seive a D.S.R. 2sscelated
ay J& is prevented from

it is completed. Relay B

R, nold lead, znd.disl tone
D, JAl, JBS oand ©#4, This
nge is aveilable. 3Sh

D and K give tusy tone to

A1l Junetion Funter Qutlets fusy. Should a calling subser
witr e junction hunter Trom which cll ocutlets cre busy, re
e

orerating vy the operastion of relsy ATB when the chain ci
crerates in series with the drive magnet to zarth from to
is fed to the calling suvscriver from the D.3.R. tone lesd vi
cliows the c¢all to proceed sitnough nc ‘unction to ti.e main exch
tiie call bte routed vie the mezin erchonge, the operation of relay
re caller after tre discriminating digits nhave teen dialled.

mm

First Digit Dialied. Relay A responds to the impulses from the calling subscriber's dial,
Al normal completes the circuit of the verticol megnet and relay C in prarailel. AZ repeats
tne impulses over the ‘unction loop, causing the 1st selector at the main exchange to be
stepred in synchronism with the D.S.R. Ci short-circuits the line winding of relay E and
Z00 onmm () to give en impulsing loop of low impedance. Cl preperes z circuit for relay G,
wnich orerates from eartn a2t Br during the first vertical step when the vertical off-normal

~

rrings (N) coperste. 3L holds 3 operated when ¢ f3lls back at the end of the impulse train,
nd 31 and CL comrlete the rotary magnet circuit from earth at BZ.

rotsry magnet operates to step the wipers on to the first bank contacts of the dialled
1, and opens tne circuit of relay 5 at its interrupter contact Rl.

releases, and 1 reicases the rctary magnet,

*riminating - Loesl Lavel, If the digit dielled corresponds to the first digit of the

1 tranch erchange nunmters, in this case U, the wipers will be positioned on the first

acts of level 7. As shovn in Fig. 1%, the first Pl contact of this level is wired
@
$21

tly to earth &nd relay K operates over the P1 wiper to this esrth. Kl completes an
operating circuit for the relesase magnet from the earth on the Pl wiper via NZ and DS, and
%i provides a2 locking circult for the release magnet and relay K until the shaft has
restored to normal.

e

2 RoocI 500 oe®

LEYEL 7 When D.S.R. Reaches Normal -

_- t ’ K Release magnet releases.
® D operates and locks.

K releases.

After Rotary Cut-In -

K operates.
Release magnet operates.

b
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RLSE Z

BATT
DISCRIMINATING - LOCAL LEVEL.

FIG. 19,
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The 500 omm windings of relays D and K are short-circuited wuntil N9 bresss, when the
release magnet releeses. D oyerctes end K holds in series with the release magnet. DL
locks D on its £,000 ohm winding and removes the marking condition from tags "d“ and "ec".
DS opens the circuit of the 500 ohm windings of relays D snd K, and K relesse

Thus, after the first digit of the locel number hes been dialied, the D.S.R. restores to
normal with relayvs A, 2, D end J opercted. The first digit is said tc have been
"avsorted". Junction tunter relays A and (B are operated, and the ‘unction is rneld,

Second Digit Disiled., The second train of impulses is repected over the junction as
vefore, and the D.3.R. steps to the dialled level in synchronism with the mzin ewchange
2nd selector., Relay % agein operstes when the switech moves off-normal, and, when C
releases at the end of the impulse trein, the rotary megnet operates and steps the wipers
on to the first bank contacts of the dislled level,

all to l.ocal Brencn Evchange. IT the digit dislled corresponds to the second letter of the
locel btranch eschange numbers, in this case W, the Pl wiyper enzounters an open
conditicn, &s the marking earth is removed &t DI, and relay X cannot operate.

The outlets of this level are trunked to lczel 3rd selectors (see Fig. 18) and the D.S.R.
now Lunts over the level znd sei-ses the first free outlet. (Fig. 20.)

CiA

On Busy Cutliets -

& crerates,
Rotary magnet operstes,
G releeses,
Rotary magnet relezses,

Cn Free Qutiet -

H operstes.

Hei

nie 5,
aH E

vA'A

1300

HUNTING AND TESTING.

FIG, 20

15

With K normal, when relay G and the rotary megnet release after the wipers reach the
first contacts, a testing circuit for relay & is completed via K2, N3, Rl, H3, D3 and K6
to the P wiper., If the first outlet is busy, & operates and hclds via G&, and Gl closes
the rotary megnet circuit, relessing G when the rotary interrurter contact opens. This
cycle of operations continues until a free outlet is found, or the 1llth contacts are
reached., Relay H is short-circuited by the earth on busy P contacts, and when a free
outlet is reached, H operates in series with relay G to ezrth at B2. (G does not
operate.) Hl opens the hold lead to the junction hunter, allowing relays JB and JA to
release, and the junction to the mein exchange is cleared. =4 and 55 extend the negative
and positive wires through to the 3rd selector, and =3 connects a guarding earth to the P
contact of the seized trunk. HZ opens the circuit of the verticzl magnet to vrevent

/ further
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further stepping when subsejuent impulse trains are transmitted. These are repeated to
the local selectors, relay C operating on each trein, A small condenser, D, and resistor
YG act as a spark Juenckh on the A2 contacts.

Called Party Answers. When the called party answers, the current feed from the final
selector is reversed snd shunt-field relay Z operates. El connects relay F into the
holding loop, reducing shunt losses. F operates, and ¥l and FZ reverse the current feed
to the caller, EZ completes a local loop circuit via 3,000 ohm YF to prevent relay A
flicking during the reversel., F4 connects positive vattery via protective resistance YA
to the P wire to operate the caller's meter., F3 opens the holding circuit of relay J,
which releases slcwly, and reconnects carth to the P wire at 5. Rectifier MRA maintains
earth on the P wire while F4 and 5 are changing-over. J2 opens the local A relay loop.

Release. When the caller restores, relay A releases, followed by relay B, and the release
magnet is energised via Nl and B3 to earth at Al, The switch restores, opening the
release magnet circuit at N1, During release the switch is guarded by earth from Z2.

All Cutlets Busv. If all outlets on the selected level are busy, the wipers are stepped

to the 1lth bank contacts, and the 1lth step contacts S operate. S1 opens the circuit of
relay H to prevent its operation. S2 opens the junction hunter hold lead to release

relays JB and JA, and free the junction to the main exchange. S3 opens the vertical

magnet circuit to prevent its operation should the caller continue to dial. S4 connects
busy tone to the calling line via the transmission condenser QA, The overflow meter is
operated in series with relay G (which does not operate) via K2, N3, Rl, H3, D3, K6 and the
P wiper.

Calls to Ad jacent Branch or Parent Main Exchange. Where direct junctions exist to
incoming 3rd selectors at adjacent branch exchanges, or at the parent main exchange the
first Pl contacts of the D,S.R. bank levels corresponding to the second digits of these
exchange numbers are treated in the same way as the local branch exchange level, that is,
strapped to tag "c". The circuit operation is similar to that described above, the third
and subsequent impulse trains being repeated over the direct junction to selectors at the
branch or main exchange.

Where the same level corresponds to toth first and second digits of local or adjacent
exchange numbers, for example, UU, the first Pl contact of that level is strapped to tag
"d", Thus, on the completion of the first impulse train the Pl wiper encounters earth
via D1 and B2, and the digit is absorbed. Relay D operates when the shaft restores and
D1 removes the earth for discrimination on the second digit.

Calls Via Main Zxchange. The first Pl contacts of levels other than those corresponding
to the first digit of local exchange numbers are connected to earth via 1,000 ohm
resistence on tags "a" or "c". On a call routed via another main exchange the Pl wiper
encounters this condition on cutting-in after the first impulse train, and relay K
operates, K4 connects the 500 ohm windings of relays K and D in series with the

release magnet (which does not operate). D operates and locks via Dl to earth at BZ2.

D5 opens the release magnet circuit, but K holds with both windings in series via K1,
N2, K4 and B4 (see Fig. 21).

On a call to a branch exchange or the parent main exchange not connected by direct
junctions, the first digit is absorbed as described on page 20, and relay D operates and
locks., After the second impulse train the Pl wiper encounters earth via 1,000 ohms and
relay K operates and locks,

/ Thus
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Thus, if a call is to be routed over the Jjunction to the main exchange, releys D and K
will have operated when the digits necessary for discrimination have been dialled. D2
and K5 connect busy tone to the junction hunter tone lead and if all .junction hunter
outlets are busy (see pazge 20), busy tone is now Ziven to the caller. Assuming that

a junction has been seized, subsequent impulse trains are repeated to the main exchange
selectors, relay C bperating on each train. X7 prevents further operation of the
vertical magnet. K2 opens the circuit of relay G to prevent it operating via Cl during
impulsing. K3 provides an alternative circuit to rold the junction hunter when J1
releases later,

D
5
After Rotary Cut-In -
£ operates and locks,
D operates and locks.,
D5
Y
2
2
RLSE.
ALM
BATT.

CALL VIA MAIN EXCHANGE,

FIG. 21.

Thus, the D.S.R. wipers remein on the first contacts of the level dialled and the switch
functions as a repeater during the call., The operation when the called party answers
is similar to that described on page 22.

Release of D.S.R. When the calling party replaces the receiver, relay A releases,
followed by relay B. A2 opens the junction loop, allowing the selectors at the main
exchange to restore. Bl removes the earth from the P wire, allowing preceding switches
to release. Al and B3 close the release magnet circuit and the D.S.R. restores,

being guarded during release at Z2. N1 opens the release magnet circuit when the switch
reaches the normal position, and the switch is free to accept the next call,

Release of Junction Hunter. The release of the junction hunter takes place when the
earth on the hold-lead is removed, allowing relay JB to release. JBl opens the circuit
of relay JA and closes a circuit for the operation of the junction hunter drive magnet
from earth at CHZ via JBl and JA3. The wipers are stepped to the next outlet ensuring
that different junctions are seized on successive calls, This reduces the possibility
of a calling subscriber continually engaging a faulty junction.

The circuit of relay CH is opened at JB4, and CH releases slowly. CE2 guards the
junction during the release time of CH to allow the main exchange selectors to restore
fully before the junction is freed.

/ 6.
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The circuit operation is similar to that of the relay-set (euto-auto) of Fig. 12. Earth
to hold the preceding switches is applied to the P wire by Bl, end A2 extends a loop over
the junction to the manuael exchange, operating & line relay there, and causing & cslling
lamp to glow. (See Fig. 23.) The current on the junction is reversed when the called
subscriber answers, and relays F and D operate. The conditions are the same as in the
repeater (auto-suto) until release takes place.

On the calling subscriber hanging up, relay A releases to operate relay C during the
release time of relay B. AZ opens the loop to the manual exchange to give a clearing
signal, When B releases, relay E is held via B2 from earth at Al over the positive wire
of the junction line to negative battery vie retard B in the manual exchange cord circuit.
Bl removes earth from the P wire to release preceding switches and relay HA releases,
After the release time of HA, approximately 15-20 mS, the P wire is re-guarded via C3 and
HAZ2, until C releases, when earth via ¥3 and CZ maintain the guarding earth so long as E
remains operated.

AUTO. EXCHANGE JUNCTION MANUAL  EXCHANGE
RELAY SET REPEATER |JUNCTION ciReuIT CORD CIRCUIT
—r —+ - e
MR8 W JUNCTION 2
Ty : JACK ANS. fl

F - b ¥ e TO
e €02
To S{\ALLER 2 E&‘ ! I —Ap £ 469 cab%o

< .

SELECTORS It
1 + [ 4

Ol

£
4 £ . c© 2
3 Cas Al
2
. I l e L ¥ ANS,
e . L]
\ M I A‘\ 1 SUPY. 40
n | S5 :
Q@ CcALL
B c .
- o -8

ELEMENTS OF AUTOMATIC-MANUAL CONNECTION.

FIG. 23.

Thus the junction is guarded against intrusion until the cord circuit is cleared at the
manual end, when negative battery on the positive wire is removed, and relay E releases.

A small 46 volt battery is usually installed at the manual exchange to supply the current
over the junction. This enables the circuit to function over long junction lines.
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6.4 Junction Circuits - Automatic to C.B. Manual. The circuit of a tyrical incoming junction
and cord circuit at a C.B. Meanual Exchange is shown in Fig. 24, The junction circuits

terminate on special "Auto. A" positions, and calils are completed by the telephonist via
the multiple jack field. The cord circuit gives the following facilities -

(i) May te used for local or junction calls. (Universal cord circuit.)
(ii) Gives normal supervision on all calls.
(iii) Keyless ringing, and ring tone given to caller while ringing conditions are applied.
(iv) Gives reversal of current on junction line for supervision and metering, when
called party enswers.
(v) Guards junction until cords are cleared by telephonist.

CORD CIRCUIT (C.484)

JUNCTION CIRCUIT

it [ P2

ET
JUNCTION
T0 JACK ANSWER ct & , CALL
S — S ‘—}—» OPERATOR’S fememe—cmmmmm
£ co2 . | | T FS L L) TELEPHONE prme——tmmmm
1 2
z

.F{l_ ||—2/L——31—-— CIRCUIT —e=
R
n |

C/ A 3

kS
200] 200

METER} g
KEY
_J 1_}_ METER
] >z

CiRCUIT
ANSWE]
l_/A {8 ] SUPY.
1 Lt H" LAMP 0

SOy
40 TAMP

Dy

&
«
80
13
c AUXILIARY
35k 4 SUPY. KEY e35]ass '2‘

+

T
AUTO-C.B. MANUAL JUNCTION CIRCUIT. ¥

FIG. 24.

Circuit Operation. The loop from the relay-set operates relay L over the junction, and
L1l closes the circuit of the junction call lamp.

37
d}*n&iﬂr———————iz The telephonist answers by placing an
qH A . answering plug in the junction jack,
= bl operating relay CO in the line circuit
and C in the cord circuit in series.
COl and COZ2 open the circuit of relay
2 TO CORD ) . .
circuivys L, and the call lamp is extinguished.

The current to the junction is fed from
360 2 R the cord circuit via relay A and retard
B, and A operates, A2 shunts the
answering cord supervisory lamp. The
TRANS contacts of relay C connect the

~—-

"AUTO A" POSITION OPERATOR'S TELEPHONE CIRCUIT, ©OPerator's telephone circuit to the
cord circuit and the reguired number

FIG. 25. is requested of the caller. (Fig. 25).

Before inserting the calling plug into the multiple jack an engaged test is made, the
circuit being from the tip of the calling plug, via D2 and the 37 ohm winding of the

/ engaged
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engeged test inducticn ceil to eartl.

Relay D opersctes in series with the called sueseriber's CC relay when the calling plug is
inserted. Dl opens the circuit of relay C, disconnecting tie operator's cirsuit. DS and
Df' compiete the ring and ring return circuits. A smoll condenser allows a portion of the
ring current to te fed tack to the ecellser to give a ring tone. The celling cord
supervisory lonyg is energised in series with the sleeve circuit.

Wren the called rarty answers, relay F operates on its 200 onm winding, locking :up on its

1,50C orm winding viz FL ond Dd. Fr and F¢ disconnect the ringing cirevit and connect
trhe colled party to the transmission bridge, when relay = operates, and shunts the
calling cord supervisory lamp at Z1. F4 and FS5 reverse the current flow on the ‘unction.

Waien the caller clears, the junction loop cirecuit is opened and relay A releases,
removing the shunt on the answering cord supervisory iamp, which glows.

When the called varty clezrs, relay Z relecses. removing the shunt from the cslling cord
supervisory lamp, which also glows.

If the caller clears before the called party Lhas answered, relay F is operated on its
1,300 orm winding vis D¢ end Al, tripring the ring and guarding the junction from
intrusion.

onist may supervise the call Ly operating the Auxiliary Supervisory key

Th y
in 24
3 d with the cord circuit, allowing relay C to operate.

telep
&) ]

e tele
societ

A meter key is proviaed to enable the cord circuit to be used to answer local calls.

Junction Circuits - Automatic to Magneto. (Multiplie.) A similar circuit to that shown in

Fig. 24 may be installed at large mogneto exchanges for the completion of calls incoming
from zutomatic exchanges. It is necessary to fit condensers in the magneto telephone
tell circuits to give the necessary supervision. Fig. 2¢& shows the circuit of a plug-
ended ‘unction circuit for use in 3 megneto brenching multiple exchange, where relay D is
operated c¢ver the sleeve conductor of the junction plug.

ENGAGED
TEST
. o2
( ALTERNATIVE
F5 - CALL _CiRcuiT
- - I PLUG SEAT
SWITCH |
S u I
F4 I 1‘“‘
= |

. INTERRUPTED AZ 2]
RING SUPPLY o
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Relay F ~perates when the called prarty answers, tripping the ring, end giving a current
reversal on the iuncticn.

in other types of magneto exchanges, reluy D may be operated by mesns of a plug seat
switeh orerating when the ‘unction plug is lifted,

6.6 Junction Circuits - Automatic to Magneto {(Non-iultiple). Smaller non-multiple exchonges
generally rave simpler unction cireuits, with menual ringing. The incoming junctions
may terminate on Jacks on tre A rositions, and calls are answered with reguler cord
circults., Fig. %7 shows a typical cirecuit., This circuit has = serious disedvantege in
that reversal of current is given when the ringing «ey is opersted, even thougl the
called party msy not answer, and these calls must vte reteted to the caller.

JUNCTION CIRCUIT I CORD CIRCUIT

CALL & CLEAR

AI£ H.

| L&R
C—y CALL
oA CLEARING | | L
To ANS. INDICATOR L] I l' + CALL
AUTO < B3 ° L e ——
BXCH. 1 A p | —y Looe 13 O B
300 ] 2 f 1* ~
-46V. 3 I
OPR3.
- I cCT

AUTO-MAGNETO JTUNCTION CIRCUIT (C.5C5).

FIG. £7.

An alternative circuit has a metering key associated wita each junction circuit, and this
is pressed by the telephonist after the called party has answered, operating relay B.

€.7 Junction Circuits - Automatic to Magneto {Esrth Return Signalling)., Various relay-set
(auto-menual repeater) circuits are in use in the earlier sutomatic exchanges. 3Jenerally
speaking, these were designed to work on suto-manual junctions with a minimum alteration
to plant at the manual end. One type uses "Tarth Return" signalling, the elements of
which are shown in Fig. 28. The manual exchange is called by connecting negative vettery
over the A wire to operate relay A,

AUTO. EXCHANGE |JUNCT10N! MANUAL EXCHANGE

RELAY SET JUNCTION CiRCuUIT
2 " 2
(—- IL IL
L L]
i L
2 I
T0 + J1 . A g lzl
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A
A
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When the call matures, esrth through 3 resctance is applied to the B wire and operates
relay G in the automatic exchenge relay-set. The contacts of G reverse the current feed
to the cslling subscriber.

6.8 Junction Circuits, Automatic to Magneto (Trapping of Follow-on Calls.) A circuit has
been developed (CE-13Y) which does not guard the incoming ‘unction after the celling
subscriber clears, but gives an indication to the manual telephonist by means of a
flashing lamp in the case of the ‘unction being re-seized before the cords are cleared.

This scheme is slightly more economical as regards junctions, since there is practically
no ineffective time a2t the end of 2 conversation. Moreover, standard auto-auto relay-
sets may be used at the automstic exchange. The circuit, however, is rather complex

and its use will be limited to new installations to avoid extensive alterations at
existing manual exchanges.

6.2 Calls from Manual to Automatic Exchanges. Junctions from manusl exchanges usually
terminate on lst selectors at an adjacent main automatic exchange.

Both-way junctions are provided when traffic conditions determine such an arrangement

to be the most economical. When this type of circuit is provided the automatic exchange
end is generslly terminated on a uniselectcr, through which access to a group of
selectors is given,

At the manual bvoard, the junctions terminate on jacks in the outgoing junction field,
and, to enable the telephonist to reach the automatic subscribers, s dial {or its
equivalent) is installed on each positicn.

A manual exchange telephonist can complete a call by plugging into a junction to the
automatic exchange and diaslling the number of the subscriber reguired. This process is
called "dialling-in". The telephonist must be able to distinguish free junctions from
busy ones and this discrimination may be given by the normal engaged test in a multiple
exchange, or by lamp signals. Of the latter scheme, one method indicates all busy lines
by a lighted lamp above the jack, the other indicates the next free line by a lighted
lamp. If a group of junctions is small, then the first method (busy lamps) is favoured
because of its simplicity, but if a large group is involved the second method {free line
lamps) is used to reduce battery consumption to a minimum.

6.10 Junction Circuits - C,.B. Manual to Automatic. A typical junction outgoing to automatic
from a small C.B. manual exchange is shown in PFig. 2. A dial is provided on each
position and is connected in circuit by a dial key in each junction circuit.

=
JUNCTION / DIAL TO
ALK q y\a KEY > AUTO
p LRt A BEXCWM
DIAL
>
SR 2

C.B. MANUAL-AUTOMATIC JUNCTION,

FiG. 29.

On calls for automatic subscribers the telephonist plugs the calling cord into a
junction jack, and, on the receipt of dial tone, operates the disl key and dials the
required number.

/ Relay
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Relay SR is opersted {and the ['mction marked busy) by the negative pattery vie the
cord circuit sleeve conductor, and SRZ gives a loop to the automatic exchange, seizing
a lst selector. SRl energises the rolarising winding of relay LR which does not
operate, as the current in the line winding is in opposition.

The operation of the dial key connects the dial to the junction and the required
number is diallied. The contacts of the dial key are make~before-break to avoid giving

a false impulse on operation.

When the called party answers, the current on the junction is reversed and relay LR
operates. LRl completes a loop for the cord circuit supervisory relay and the
supervisory lamp is dimmed.

6.11 Keysenders. When a large number of junctions is involved the above method becomes
unwieldy and expensive because -
(i) The time to operate a dial is too long for a busy telephonist.

(ii) The associated apparstus reguires too much space on the face of the A positions.

(iii) The maintenasnce on dials is expensive due to the heavy use.

One method of overcoming these difficulties is by the use of "keysenders". A key-
sender consists of o desk and associated epparatus. On these desks the reguired number
is "set up" by depressing push keys with which is associated a machine which stores the
impulses and sends them out to the automatic equipment once a free ‘unction has been

seized.,
The method of operation is as follows -
(i)} The A position telephonist presses an order-wire key and passes the reguired
number to the operator at the keysender desk.

(ii) The keysender operator allots a junction to the A telephonist and sets up the
required number, then presses the junction key which connects the keysender
to the allotted junction for the transmission of impulses.

(iii) The A telephonist meanwhile plugs the calling cord into the allotted junction
jack, appearing in the outgoing junction multiple.

6.12 Junction Circuits - Magneto to Automatic. A typical circuit is shown in Fig. 30.

2
o +
1t =

=1 H" = o "

JUNCTION V
INCK g A KEY el
RETARD :
con. L5090 CALLING
DIAL
I 1 =
11 >/
2

aH- Q35—

MAGNETO-AUTOMATIC JUNCTION GIRCUIT.

FIG. 30.
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The teleprhcnist riugs the calling cor
causes the busy lamps assccisted with
end diel tone is returned from the i
operation of the dial key zonnects th

number is dialled.

When conversstion i
removes the plugs, restoring th

7. TEST QUESTIONS.

: HOMY I11.

+3
e
1
G

o a junction ‘feck, cpersting relay JR. JRI
Jjunction to glow. JR2 loops the ‘unction

elector at the automatic ercnange, The

ition dial to the junction and the reguired

s finished, the maegnetc sulscriver rings of?f e&nd the telepnonist
circuits to normel.

l. In a multi-exchange srea the zllccation of subscribers numbers is -

Main ezchenge er=te ces e EALOGO-72u3
Brznch erxchange {with D.3.R.) ... BJ1000-2132
Satellite exchange ... erate ces BIE10C-6620

Give a simple sketch showing the trunking scheme tnat would ve employed.

2. In the cese of the branch exchange in
dialled.

4, What functions are performed by a
4, Why is it usuel to
What are the different reguirements?
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State triefly how these reguirements are provided.
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1. MOUNTING OF APPARATUS.

1.1 In previous Papers, information has been given regarding the individual switches in a
Strowger exchange, and trunking schemes, showing how the various switches are used to
set up calls between subscribers, have been shown. This Paper deals with the methods
in which switches are mounted, cabled and interconnected.

1.2 Subscribers' Uniselectors., In Strowger type exchanges, 100 uniselectors are mounted in
a group on a "Primary Unit"., Fig. 1 shows a group of 100 plunger type uniselectors.
(A side view of this unit is shown in Paper No. 4, page 12.x The switches are
arranged in two vertical rows of 50, each row being ¢ontrolled by a master switch
mounted in the centre. The plunger guide shafts of the two rows may be coupled to
allow one master switch to serve the 100 switches., This would only apply where the
outgoing traffic from the group was relatively light. TUnder heavy traffic conditions,
the rows of 50 may be divided and additionsl master switches provided, one for each
25 uniselectors.

Rotary uniselectors are mounted, as shown in Fig. 2. Fifty switches and associated
relays, in 5 rows of 10, are mounted on each half of the board or "gate". The gate
may be swung out to give access to the rear wiring. The bank contacts of the 50
switches on a gate are multipled and wired to the terminal assembly at the top of the
unit.

1.3 Secondary Uniselectors. These may be of the plunger or rotary type, and are mounted
in a similar way to primary uniselectors. In this case, both sides of the unit are
used giving a total of 200 switches per unit.
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1.4 Final Selectors. These are mounted on shelves at the rear of the uniselector units.
Up to four shelves may be fitted, with six or seven switches per shelf for plunger type
units, and eight per shelf for the rotary type, giving up to 24, 28 and 32 final selectors
per group, respectively. The banks sre multipled in two sections, and these are normally

strapped together on the terminal blocks.

For testing purposes, a special "Test Final Selector" is provided, and is placed on the
end position of the bank multiple so that the multiple wiring is included in the tests.
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""" METERING
RELAYS
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FIG. 1.
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Primary units are mounted side by side to form a "suite", generally of five units.
Fig, 3 shows part of an exchange using four units to form a suite.

SUITE OF PRIMARY UNITS.

FIG. 3.

1.5 Group Selectors. Group selectors are mounted on shelves in two panels, each of ten

switches. A panel of switches is a group of switches in which the bank multiple wiring

is taken direct from switch bank to switech bank. Shelves of group selectors are mounted
horizontally in racks or bays on trunk boards. The capacity of a trunk hoard is generally
six shelves per side or a total of twelve shelves, giving a total of 240 selectors. The
bank multiple of each panel of switches is extended by means of a bank tail to a frame at
one end of the trunk board. This frame is known as a "terminal assembly" or "link frame",
and it enables the banks to be multipled together or graded in any desired grouping, and
cabled to the switches in the next rank. TFig. 4 shows diagrammaticslly the lay-out of a

group selector trunk board.
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Bays are designated according to the group selector rank, for exampie, first selector
bays number 101, 102, etc., second selector bays number 201, 202, etc., and so on.
Access to the shelf wiring, etc., is obtained from the interior of the board.

Part of an exchange showing a selector trunk board is shown in Fig. 5.

- mmlmmmml

GENERAL VIEW - HOBART CENTRAL EXCHANGE.

FIG. 5.

1.6 Relay-set Repeaters. These are mounted on trunk boards, on shelves of twenty, in a
similar manner to group selectors. Due to the smaller size of & relay-set, up to eight
shelves may be fitted on each bay, giving a total of 160 relay sets per bay or 320 per
trunk board. Relay-set bays are designated R1, R2, etc.

1.7 Junction Hunters. Where junction hunters are used, these may be mounted on one bay of
a trunk board, and the associsted relay-set repeaters on the adjacent bay, forming a
composite trunk board. The junction hunter uniselectors and associated relays are
mounted in shelves, each taking two groups of 20 switches, Eight shelves may be
mounted on a bay, giving a total of 320 switches per bay. The bays are designated T1,
T2, etc,

/ 1.8
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1.8 Discriminating Selector Repeaters. These are considerably larger than a group selector
and only five shelves may be fitted on a bay, giving a total of 100 switches or 200 per
trunk board. The associated junction hunters are mounted separately in this case.

A later method mounts only four shelves of D.S.R's. and the associated junction hunters
on a composite bay. (See Fig. 8.)

D.S.R. bays are usually designated 101, 102, etc.

COMPOSITE D.S.R./JUNCTION HUNTER BAY.

FIG, 6.
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2. TRUNKING BETWEEN SWITCH RANKS.

2.1 Primary Unit Local I.D,F. Terminal blocks mounted on the top of each primary unit give
the facilities of an I.D.F. and serve as a convenient cabling point. A diagram of

typical cabling arrangements is shown in Fig. 7. Jumper wires, or a formed
connect the local and multiple side of subscribers' lines.

UNIT 1.D.F.
LOCAL MULTIPLE 50 PR.
BLOCK JUMPER BLOCK
N OR CABLE TO LINE

VIA M.D.F.

/_———-— B TO METER BAY
- 1+ u‘p l" ;

L—Y—JQ{‘ N

FORMED CABLE FORMED CABLE
TO UNISELECTORS PRIMARY 70 FINAL SEL.

//l: UNIT MULTIPLE
a‘nun

UNISELECTORS e
SELECTORS

PRIMARY UNIT LOCAL I.D.F.

FIG, 7.

cable,

2.2 Trunking from Uniselectors to lst Selectors. Subscribers' uniselectors are mounted
on two gates per unit, with 50 switches on each gate. The banks of all uniselectors
on a gate are multipled and terminated on terminel strips in the terminal assembly

mounted on the unit. (Fig. 8.)
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TYPICATL, PRIMARY UNIT TERMINAL ASSEMBLY.

FiG,. 8.
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The terminal assembly provides a convenient and flexible arrangement of adding, subtracting
and multipling the uniselector outlets. A typical trunking arrangement is shown in Fig. 9,
where 25 outlets are provided for esch 250 subscribers on straight line units (10 per cent.
trunking).
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~
=
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L SR = i wwters I3
T BAY 104
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{]’ N
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T
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MUITIPLE | : SIDE SIDE
|
! l
LEFT ) RIGHT | LEFT | RIGHT | LEFT  miGnr | Leer | wiGnt | LEFT : RIGHT 1.D.F
GATE | GATE | GATE | GATE | GATE | GATE | GATEZ | GATE | GATE | GATE TERMINAL BLOCKS

®

e SUITE OF 5 PRIMARY UNITS /
TRUNKING OF UNISELECTOR OUTLETS.
FIG. 9.

The multipling of trunks from one unit to another is arranged by multiple cables between

the terminal assemblies of adjacent units. A number of cables, in this case three, is
taken from each suite to the vertical side of the I.D.F. The first cable feeds to the first
primary unit and is multipled over the second unit and the right gate of the third unit., A
second cable feeds to the fifth unit, and is multipled over the fourth unit and the left
gate of the third unit. The third cable feeds to the third unit and is left idle. This
cable will provide additional outlets when an increase in the calling rate demands them.

On P.B.X. line units the calling rate is usually heavier, and a cable from each unit is
taken to the I,.D,F.

The first selectors (or relay-sets or D.S.R's.) are cabled to the horizontal side of the
I.D.F. and connected to the uniselector outlets with jumper wires. This provides a
flexible means of evening up the traffic loading on first selectors.

A trunking card (Fig. 10) on each gate gives the location of each uniselector outlet.
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UNISELECTOR TRUNKING CARD.

FIG. 10.
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2.3 Trunking Group Selector Outlets. A terminal assembly, or link frame, on each group selector
trunk board allows multipling and grading of the group selector outlets. Fig. 11 shows a
typical link frame.

Grading is carried out by commoning vertical rows of tags on the link frame by means of
bare cadmium-copper wire straps. From the tag connected to the lowest point of each
common, a jumper wire is run at the rear of the link frame to the terminal blocks mounted
at the top, and terminates there on the particular tag to which the required outgoing
trunk is cabled.

GROUP SELECTOR LINK FRAME.

FIG, 11.
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If the outgoing ftrunk is cabled from another board, the jumper is terminated on a tag
connected to & tie circuit to the adjacent board, and the circuit may be extended over
several boards in this way. On reaching the board from which the outgoing trunk is cabled,
a jumper is run from the tie circuit to the tag to which the required outlet is cabled.
Fig. 12 shows the arrangement of terminal strips and terminal blocks on a link frame.
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LEVELS —>1234567890
ARRANGEMENT OF LINK FRAME.

FIG. 12.

A trunking card (see Fig. 13) for each shelf gives the required information regarding group
selector outlets, and by observing on which contacts the wipers of a switch are standing,
and then referring to the card, the call may be traced through the exchange.

In addition, to facilitate tracing calls backwards through the exchange, that is, from
final selector to uniselector, a small card on each selector gives the necessary
information regarding the selectors from which that particular switch is trunked.
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2.4 Trunking Outlets to Junctions. Group selector outlets from levels trunked to junctions are
distributed via an I.D.F., where cross-connections are made to relay-set repeaters, or to
junction hunters where the latter are instelled. A trunking diagram of a typical main
exchange, showing the cabling errangements, is shown in Fig. 14,

M.D.F.
LINE EXCH.
—
/ JHUU%CElS ¥
i/ 1.D.F. IERS TRUNK
RELAY
REvEA
JUNCTION A
CABLES
[rerm. ass) {TERM.ASS]
UNIT L.D.F
MULT. LOC, ATH 3rp
! SELS,
o] SELS. lTEEM.ASQ.

y S p— —_—
7/ o frve et
// ey ="t ——
SUBS. _ s < J: vy —
CABLES o2 T < == = =
SUBS, — pepes —
METERS — o ol

TYPICAL MAIN EXCHANGE CABLING DIAGRAM.

FIG. 14.

Where junction hunters are installed, they are cabled to the horizontal side of the I.D.F.
Their banks are multipled and wired to terminal blocks mounted on a "trunk frame" at the
end of the trunk board. Jumper wires are run from these blocks to adjacent terminal
blocks which are cabled to the relay-set repeaters. The outgoing sides of the relay-set
repeaters are cabled directly to the M.D.F. The private wire may be cabled to the M.D.F.
with the negative and positive line wires and busying strips installed on the protectors.
Thus, by inserting a busying plug at the M.D.F., a junction may be "busied out", when
required,

The I.D.F, also forms a convenient point for distributing traffic from incoming junctions
to incoming lst and 2nd selectors. Note that local group selector levels are cabled
directly from the terminal assembly, and do not pass through the I.D.F.

/ Fig. 15
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Fig. 15 shows part of a junction hunter bay, including the method of cross-connecting
junction hunter outlets to relay-set repeaters. The reverse side of the trunk board
carries the relay-set repeaters.

GD )

B R B T

A

Y S ) A ~

JUNCTION HUNTER BAY.

FIG. 15,
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3. LAY-OUT OF EXCHANGE SWITCHING EQUIPMENT.

3.1 The lay-out of the plant in an exchange will differ according to the building. The
shape of the building space is determined by the land available, existing buildings
and other facilities which have to be provided, such as postal, etc. Consequently, it
is not possible to have a standard plan for all exchange buildings and a standard lay-
out of apparatus is therefore not possible.

3.2 The space reguired by the switching equipment, the main distributing frame and cable
tunnel (the position of which is usually fixed by other factors), the battery room and
the power room, are calculated on the estimated requirements at the 20 year date. A
store room, office and air-conditioning room may also be required., Attention must
also be given to amenities such as luncheon rooms, lavatories, etc.

3.5 Dominating all comsiderations of lay-out of switching plant are navural lighting
facilities, ease of maintenance and economy of cabling. The relative positions of the
various units is determined by these factors. Some of the special considerations which
will apply are given hereunder -

(i) The M.D.F., In most cases, 1t will be found that the position of the M.D.F.
is determined by considerations affecting external cables, and the position
adopted may be taken as a starting point for the exchange equipment lay-out.
A clear space of 5 ft. is usually allowed in front of the protector side of
the frame, the length of which depends on the ceiling height and the number
of lines to be accomrmodated. Usually the verticals, which are on 6-3/4 in.
centres, mount 200 lines, and the frame is approximately 4 ft. 6 in. in width.

(ii) The Test Desks are placed so that the testing officer has a clear view of
the M.D.F, ZFXach position occupies a floor space of approximately 3 ft. x 2 ft.

(ii1) Subscribers' Meters are mounted in bays of 300, 400 or 600 per bay of 1 ft.
8 in. width.

(iv) Trunk Boards have accommodation for 240 group selectors and a corresponding
number of other switches, as described earlier in this Paper. The floor
space occupied by a board is 9 ft. 4 in., x 3 ft. 3 in., and 2 ft. 6 in. is
usually allowed between boards.

(v) Primary Units, mounting 100 uniselectors and the associated final selectors,
are usually arranged in suites of five. ZEach unit occupies a floor space of
4 ft. x 2 ft. and a space of 2 ft. 6 in. is usually left between rows. In
order to economise in cabling, the units should be erected as near as
possible to the M.D.F.

/ 3.4
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3.4 Fig. 16 shows a typical lay-out for the exchange switching plant only, the full lines

44'0"
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representing initial equipment, while the dotted lines show the extension to the ultimate.
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FIG. 16.

The data on which this lay-out is based is given below -

Téem. To be Installed |To be Installed
Initially. Ultimately.
Main distributing frame cable pairs 3,500 16,000
Main distributing frame ironwork (5 years) 5,000 16,000
Subscribers' uniselectors 2,500 7,500
Trunk boards, local 1st selectors 1 4
Trunk boards, local 2nd selectors } 1 { 2
Trunk boards, incoming 2nd selectors 2
Trunk boards, local 3rd selectors 2 4
Trunk boards, relay-set repeaters and junction hunters 1 6
Test desks 1 4
Complaint desks 1 &
Subscribers' meters 2,500 7,500

3.5 Air-Conditioning., Air-conditioning plants are used in certain places for the comfort of the

staff and to protect the equipment from the effects of humidity and dust. Full air-
conditioning consists of dust extraction and the control of temperature and relative
humidity, the air thus dealt with being forced into the exchange through large ducts. Exit
ducts are also provided and a constant movement of air maintained in a definite direction.
Automatic exchange equipment is comparatively delicate, and is largely composed of metal
parts which normally are subject to corrosion. Various forms of zinc plating on ironwork,
lacquer on brass, etc., give reasonable protection, yet in the humid parts of Australia
there would be distinct possibilities of corrosion if the air conditions in the exchange
were uncontrolled., Insulation resistance may be adversely affected by highly humid
conditions, asnd dust is a prolific source of contact trouble,

Vacuum cleaning plants are provided in the larger automatic exchanges for cleaning the
walls and floor of the building. In all cleaning operations, care must be taken to ensure
that, as far as possible, dust is removed from the switch room instead of being dispersed
into the stmosphere to settle elsewhere. A cocoanut fibre or coir mat must be provided
outside each entrance to the automatic switch room.

/ 4.
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4, SUPERVISORY ALARMS.

4,1 In the circuit descriptions given in previous Papers, various supervisory alarm
conditions have been mentioned, such as Release Alarm, Celled Subscriber Held {C.S.H,)
Alarm, etc. The purpose of the exchange alarm system is to call the attention of the
maintenance staff to the condition causing the alarm, and to indicate the item of
equipment causing the fault, Alarm conditions may be "Prompt" or "Deferred", the former
requiring immediate attention, while the latter may be temporarily deferred without
affecting the service of a group of subscribers.

4.2 Delayed Alarms. Some normal conditions constitute a fault if they persist beyond a
certain period of time., For example, the release magnet is energised during the
release of a selector, but, if it remains energised for long periods, it will overheat
and possibly cause a fire. A delayed alarm circuit gives an alarm only if the slarm
condition is maintained for a certain minimum time. To obtain this delay period
(generally, 9 seconds), a "dash-pot" relay is often used in Strowger exchanges. This
relay, together with other methods of obtaining delay periods, is described in Paper
No. 1, paragraph 7.7.

4.3 The following alerms are generally provided in a Strowger exchange -

Delay Prompt or

Al : Al .

. Period. Deferred. Gause of ki

Fuse alarm Nil Prompt Operation of a fuse.,

Condenser alarm Nil Prompt Breakdown of uniselector spark quench
condenser.

Release alarm 9 seconds | Prompt Failure of selector to restore to
normal when its release magnet is
energised.

Supervised earth 9 seconds Prompt Failure of uniselector to switch through,

alarm or foreign battery on positive line
wire,

Permanent loop alarm Nil Deferred| First selector held without receiving

(1st selectors) impulses.
C.S.H. alarm Nil Deferred| Calling or called subscriber holding the
(Final selectors) connection after the other party has
cleared.,

Ring fail alarm Nil Prompt Failure of ringing current.

Charge fail alarm Nil Prompt Operation of circuit breaker during
battery charging.

Voltage alarm Nil Prompt Voltage at busbars outside prescribed
limits.

Meter battery fail Nil Prompt Failure of meter battery voltage.

alarn

/ 4.4
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4,4 Fuse Alarm, Negative battery is distributed via group fuses on the supervisory panel to
the various selector and uniselector groups. Final distribution on the trunk board or
unit is made via elarm type fuses. (Fig. 17.

ALARM PANEL | CEILING PANEL

MAGNETO
.'.._%_
4

NEGATIVE -

(EARTH) FUSE ALARM.
FIG. 17.

Operation of a fuse allows the alarm spring to bridge the battery and alarm busbars,
energising the board fuse lamp in series with relay F. Fl completes the circuit of
the group ceiling lamp in series with relay G. The operation of relay G connects
ringing current to the exchange alarm bell,

4,5 Condenser Alarm. Earth to uniselector spark quench condensers is fed via a condenser
supervisory relay, CS, for each gate of 50 switches. (Fig. 18.)

G
FROM GATE H
OF UNISELECTORS
L |

4 (RED)
e -
COND. n
T — _E_‘_ M cumcrne
2 -3 o

v | O+
SUPY. BANEL

UNISELECTOR UMIT

CONDENSER ALARM.
FIG. 18.

Breakdown of the insulation of a condenser allows relay CS to operate in series with
the associated uniselector drive magnet, CS1l completing the circuit of the condenser
alarm lamp, The battery feed to the lamp is taken via the fuse alarm relay F,
operating the group ceiling lamp and magneto bell. /

4,6
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4.6 Release Alarm. The battery supply to group selector release magnets is fed via a relay A
for each shelf. (Fig. 19.)

i :
L] g |
|
Vg DASH- POT

TN <O,

TO SHELF
OF SELECTORS d C ALARM PANEL
: . '
= 1 A
e : 20 E RELEASE
rol .4 GREEN
“ 3 L —._L'.r,,Bl_ (GREEN)
(GREEN) )
SELECTOR- TRUNK BOARD SUPERVISORY PANEL CEILING PANEL

GROUP SELECTOR RELEASE ALARM.
FiG. 19,

Relay A operates in series with the release magnet and completes a circuit, via the
shelf lamp and relay Y, to operate relay C on its 1,300 ohm winding. The shelf lamp
does not glow, nor relay Y operate, in series with 1,300 ohms.

Cl completes the cireuit of the dash-pot relay D, which is very slow operating. If
the selector fails to restore within 9 seconds, relay D operates completing the circuit
of the ceiling lamp and relay E. ZEl closes the alarm buzzer circuit.

Dl also connects the 4 ohm winding of relay C in parallel with its 1,300 ohm winding,
allowing relay Y to operate and the shelf lamp to glow. Y1 completes the circuit of the
board lamp.

The final selector release alarm circuit is similar to the above, one relay being
provided per unit, and shelf lamps are not fitted. (See Fig. 20.)
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FIG. 20.
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4.7 Supervised Earth Alarm. (Fig. 20.) Earth to line circuit relay K contacts is fed via a
supervisory relay for each gate of 50 switches. A foreign battery on the positive wire
of a line operates the relay, closing the circuit of the delayed alarm circuit relay C
in series with the board lamp. The alarm is delayed to ensure that intermittent
contacts and the extension of & normal calling loop do not give false alarm signals.

After 9 seconds, the dash-pot relay operates, completing the ceiling lamp and buzzer
circuit, and allowing the board lamp to glow in series with the 4 ohm winding of relay C.

4.8 Permanent Loop Alsrm. Supervised battery is fed to lst group selectors via a relay B
for each shelf. (Fig. 21.)

T

2
TO SHELF
OF SELECTORS |+ L
SHELF N SUPY.
_ P SWITCH
C' ‘—‘u Hlo
( ) ( PERBOARD)

PERMANENT LOOP ALARM.

FIG. 21.

With the supervisory switch in the "On" position, the operation of relay B energises
the shelf lamp in series with relay L., L1 closes the circuit of the board lamp. Lamps
provided on each switch further assist in the location of the faulty circuit.

4.9 C.S.H. Alarm. The supervisory lamp on each final selector is fed through a common board
relay, B. Operation of this relay completes the circuit of the board lamp. (Fig. 22.)

C.S.H. ALARM.
FIG,. 22.

The permanent loop and C.S.H., alarms are not urgent and are attended to periodically as
a routine test. Switches are provided to allow these alarms to be switched off at

other times.

4,10 Power Room Alarms, The Ring Fail, Charge Fail, Voltage and Meter Battery Fail Alarms
are similar to the corresponding circuits for a 2,000 type exchange, and are described
later in this Course.

5%
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5. RING AND TONE DISTRIBUTION.

5.1 Ringing current and service tones are generated by a ringing machine, and cam driven
interrupters on the machine give the required periodicities.

5.2 Ringing Current. Alternating current of 16-2/3 ¢/s is provided (sometimes 33-1/3 c/s)
and is broken up into three periodicities as shown below -

' 3. Secs.

0-4.1 o'zro-l, 2 Secs:

PERIODICITY

PERIODICITY 2

PERIODICITY 3

Note that the three ringing feeds are staggered so that the actual load on the ringing
machine is only one-third of the total load on the exchange.

Two ringing machines are generally provided, the first mains driven, the second battery
driven. The ecircuit is usually arranged to automatically start the second machine and
change over the load, if failure of the mains driven machine occurs. Details of the
machines are given in Telephony V.

Fig., 23 shows typical arrangements for distribution of ringing current in a Strowger

exchange.
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RING DISTRIBUTION, STROWGER EXCHANGE.
FIG. 23,

Each suite of final selectors is fed from the supervisory panel terminal strip, and a
resistance lamp on each unit prevents a fault on one unit from seriously affecting the
ringing on other units.

Failure of ringing current on any of the four leads will allow the associated ring fail

relay to release and complete an alarm circuit. This may also cause the changeover
circuit to functiom. / 5.3
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5.3 Tones., The characteristics of the standard service tones are summarised below -
Tone. Freguency. Periodicity of Interruptions.

Dial 33 ¢fs Continuous.
Ring 133 ¢/s Same as ringing current.

( superimposed on

ringing current)
Busy 400 ¢/s 0.75 seconds ON, 0.75 seconds OFF,
Number Unobtainable (N.U.) 400 ¢/s Continuous.

Typical arrangements for distribution of tones in a Strowger exchange are shown in

Fig. 24,
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6. TEST QUESTIONS.

1, What alarms are provided in an automatic exchange, and what is the purpose of each?

2. In a Strowger exchange a release alarm operates -
(i) What indications are given?

(ii) How would you locate the group selector causing the alarm?

3. What equipment is mounted on a composite D.S.R./Junction Hunter bay in a Strowger
exchange?

4, What is meant by a "panel" of group selectors? Show by a simple diagram the
designation of panels on a group selector bay.

5. Referring to the uniselector trunking card on page 7, a uniselector is observed to be
standing on the 12th contacts. Which switch would be taken into use? Give the
switch, bay and panel numbers.

6. The wipers of the lst group selector in the previous question are found to be standing
on the 4th contacts of the second level., Referring to the trunking card on
page 9, give the switch and bay to which the call is routed.

7« REFERENCES.
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1. INTRODUCTION.

1.1 In previous Papers, details have been given of apparatus which allows a call to be set
up between any two subscribers in an Automatic system. In any exchange, there will
generally be many conversations in progress simultaneously and it is, therefore,
necessary to provide sufficient apparatus for all these calls to be made.

2. TELEPHONE TRAFFIC.

2.1 The amount of switching plant provided in an exchange depends upon the calls to be
handled and, therefore, to study the exchange plant requirements, it is necessary to
consider the number and routing of calls going through the equipment.

Any particular subscriber will originate a call as the result of some such
circumstances as the receipt and nature of the mail, the needs of the household on the
matter of retail shopping, maturing plans for social functions and many other incidents
that will readily come to mind. The causes for maeking a call are so numerous and so
varied that the time a call is made may be regarded as a matter of pure chance, that
is, a call is as likely to be made at any one moment as at any other. Although
individual calls are made a%t random, the factors which cause them to be made are of
reasonably regular occurrence. DMoreover, these factors apply to most of the
subscribers at a particular exchange. Take, for instance, an exchange in a business
area. The incidents such as mail times, etc., recur regularly each day and slso they
are much the same for each business subscriber. Therefore, one would expect that the
number of calls made at certain times will be greater than at others and that the rise
and fall of the number of calls will occur regularly each day.

It is a matter of experience that the number of calls through an exchange varies widely
over the 24 hours of the day as well as varying from day to day. In an exchange
serving a business area there are marked peaks in the number of calls during the
forenoon and afternoon, while the traffic during the remainder of the 24 hours is
comparatively small. 1In exchanges serving a residential area there is often a heavy
peak in the evening due to socisl calls as well as a peak in the morning due to
shopping and other suburban business. In addition, there will be variations due to
fixed events in certain seasons. Besides these regular changes there will be peaks
caused through accidental events such as a severe railway break-down.

The number of calls coming into an exchange is therefore a quantity which ebbs and
flows, generally in a fairly regular manner. This is known as telephone traffic.

The quantity and disposition of the exchange switching plant is determined from the
amount of telephone traffic. The quantity of plant at the exchange must be sufficient
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to switch through the number of calls at any one time and, if sufficient switches are
provided to cope with the peaks of traffic, there will be no fear of blocking traffic at
any other time. The calls take different routes in the exchange so that the number of
switehes and trunks on each route will depend on the calls going that way. To determine
the number of switches on each route, it is sufficient to know the maximum number of
simultaneous calls and to provide that number of switches. It is possible, of course, for
half the subscribers to wish to call the other half at the one time, but it would be
uneconomical to provide for this eventuality and, similarly, short peaks of traffic are
not provided for. Some arbitrary measure must be set down to balance the economical
considerations and the high traffic handling capacity. The amount of traffic in the
busiest hour of the day is used to determine the amount of switching equipment required.

2.2 Busy Hour. We have referred above to the period of the day during which the traffic is
heaviest as being the basis for the detdrmination of the various kinds of switches
required. This period is called the "busy hour" and the traffic during this time is
called the busy hour traffic. Although the actual period of an hour during which most
traffic flows might be from 10,39 to 11.39 a.m., the limits of the busy hour are usually
determined to the nearest quarter hour, 10.30 to 11.30 a.m. or 10.15 to 11.15 a.m. It
is found that the average duration of a call does not vary greatly from hour to hour in
the same exchange and therefore, besides the greatest average of simultaneous calls, it
is generally the hour during which the greatest number of calls originate.

2.3 The totel traffic during the day is of importance in the design of the batteries and
associated power plant, which must have sufficient capacity to cover all the traffic
between successive charging periods as well as sufficient size to cover the busy hour
traffic without overloading it.

2.4 The Traffic Unit. Telephone traffic can be measured by the number of switches or trunks
occupied, and from this a unit to measure telephone traffic has been derived. As the
traffic carried by automatic apparatus depends both on the number of calls and upon the
aversge holding time, the unit in which traffic is measured must contain both factors.
The unit of traffic flow is called the Traffic Unit (T.U.) and the traffic flow for a
specified period {usually the busy hour) is said to be unity when the average number of
simultaneous calls is unity.

Take, as an example, a group of ten selectors which are observed at 20 regular intervals
of 3 minutes during the busy hour and the number found busy are -

5,2,0,7,53,8,1,5,5,3,0,9,7,6,2,3,1, 6, 4, 3,

Then the average number of selectors simultaneously in use is g% = 4, hence the traffic

flow is 4 T.U,, it being supposed that each call lasted exactly 3 minules.
With e single circuit continuously occupied, the average number of simultaneous calls is

obviously one, therefore, it can be said that a traffic unit is equivalent to the traffic
flow in one circuit continuously occupied.
N

A traffic unit may be made up of one call lasting for an hour, or of 100 calls per hour,
each call lasting for 1/100 hour. Thus if "C" calls are originated in an hour and the
average holding time is "T" hours (expressed as a fraction), then if "A" is the traffic
flow in traffic units -

A=CxT.
For example, if 100 calls are originated in an hour and the average holding time of each

call is 3 minutes, then the traffic flow is -

3
A = 100 x 50 = 5 T.U.

/ 2.5
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2.5 Traffic Recording. Measurement of the traffic flow in a group of switches may be made
by counting the number of switches that are in use at regular short intervals (say,
three minute intervals) throughout a given period (usually the busy hour), and the
average traffic flow in traffic units is then obtained by averaging these readings.
Visual observation of switch groups is tedious and other arrangements sre usually made
whereby the observations are made electrically, that is, by testing the P wires of the
switches in the group. Two methods are in common use -

(i) Traffic Recorder (Resistor Type). Each P wire in the group to be tested is
connected via a 1 megohm resistor, and suitably switched to an ammeter. ZXach
busy circuit (earthed P wire) contributes 0.05 mA to the current through the
meter, which is directly calibrated to read traffic units in various ranges
by suitable shunting (see Fig. 1).

| MEGOHM
RESISTORS

AMMETER

P AAS—
P—omAA——
p—om A \yo—
.|H|_®.——4'> ) gg ’s\k}"‘féﬁes
o AAFo— | IN GROUP
P—oAAFo—
— A
p——omAAg=—>—
L—W——

/

RESISTOR TYPE TRAFFIC RECORDER.

FIG. 1.

(ii) Automatic Traffic Recorder. In this recorder, the switches in a group may be
tested at intervals of 30 seconds, the number of switches in use being
recorded on subscribers' type meters, The P wires of the switches are
connected in turn via a uniselector switching arrangement to the meters
(see Fig. 2). Details of the autometic traffic recorder are given later in
this Course.

RECORDING CONTROL  ACCESS
METER SWITCH SWITCH

H [ ]> B L.
o

IN GROUP

AUTOMATIC TRAFFIC RECORDER.

FIG. 2.
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3. GRADE OF SERVICE.

3,1 It has been mentioned that the remote possibility of simultaneous calls being made by
one half of the subscribers tc an exchange for the other half is discarded in the
design data. It has also been stated that no provision is made for other peaks. The
average traffic flow for the busy hour is the basis of calculating the switch
gquantities and it will be realised that for considerable periods during the busy hour
the traffic flow will be substantially in excess of the average. At other times, of
course, it will be below the average. If the number of switches were determined
exactly in accordance with the average requirements during the busy hour, many calls
would be lost through insufficient switches, Lost calls through this source could not
be allowed to exceed certain limits. Calculations are made to ascertain the proportion
which will be lost, and & number of switches is provided to ensure that these are kept
within the required limits. Such calls will, of course, be repeated after a short
interval and practically all will be successful the second time.

5.2 In the previous example, we observed 5 T.U. passing through a group of switches, that is,
an average of five simultaneous calls., This could be made up of five calls lasting an
hour or 30 calls lasting 10 minutes each, one call commencing just as a previous call
releases., 1In practice, of course, calls will be coming in and dropping out at odd
times, giving a fluctuating demand for switches and obviously to average five, at times
there must be many more switches in use and at times less. In order to get 5 T.U.
through, more than five switches must be available, but how many more? If eight are
provided, tnis will be sufficient for most times but now and then there will be a
demand for more than eight even if only for a short interval, and some calls will be
unable to get through. If nine switches were available some of these calls would be
saved but still on an odd occasion calls would be lost and if there were 10 some
traffic would reach the 10th switch and still a few calls would be lost. As switches
are added, the traffic carried by these last switches would become smaller and smaller
but on odd occasions there would be insufficient switches and calls would be lost. A
point is reached where the traffic carried by the last switch is so small that the
arrangement is uneconomical and it would be wasteful to provide them just to put through
one odd call the moment it was originated. It is, therefore, standard practice not to
install switches beyond an economical limit knowing that calls will thereby be allowed
to fail purely on account of shortage of switching plant. The proportion of calls
which thus fail tc mature on the first attempt is known as the grade of service, that
is, a grade of service of 1 in 500 means that 1 call in every 500 originated is lost
through shortage of switching plant. This loss may occur wherever a search takes
place. Thus, a subscriber's uniselector hunts to find a free lst selector when a call
is originated. If all outlets are busy, the call fails to mature immediately.
Similarly, when the first digit has been dialled, the selector hunts over its bank
contacts t0 find a free outlet to the next rank. Here again is another chance for a
call to be lost, as, if there is no free outlet, busy tone is passed back to the caller.

3.3 The Standard Grade of Service laid down by the B.P.0O. and adopted by the A.P.0. is that
at each switching stage during the busy hour an average of 1 call in 500 may be lost.
This is subject to the proviso that the grade of service shall not fall below 1 lost
call in 100 if the traffic increases by 10 per cent. It is of interest to note that the
latter condition does not affect smaller groups of circuits, but it leads to a small
increase in the number of trunks in certain cases where large blocks of traffic are
concerned. For line finders employing partial secondary working (see Telephony IV)
the grade of service is 1 lost call in 1,000. Fig. 3 shows the grade of service as
applied to each rank of switches in a typical automatic exchange.

A grade of service of 1 lost call per 1,000 calls may be written as l/l,OOO or 0.001.
That is, when a subscriber originates a call during the busy hour the chance or
probability that the call will be ineffective owing to all switches being engaged is 1
in 1,000, that is, 1/1,000 or 0,001. Similarly, 1 lost call per 100 is 1/100 or 0.0l.
At each switching point there will be a probability of loss and the aggregate
probability over all switching points in setting up a call is termed the Over-all Grade

/ of
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of Service. Thus, in Fig. 3, local calls have an over-all grade of service of 10 in 1,000
or 0.01. If all the cells passing through the different switching points have been
grouped to find the busy hour then the over-all grade of service is the sum of the losses
at each switching point but, if there is a combination of calls from various sources, the
busy hours of the different sources may not occur at the same time, Then the over-all
grade of service would be better than the sum of the losses at each switching point since
they would not a2ll be at their busiest at the one time.

UNISELECTOR

18T SEL. 2"° SEL. 3%° SEL. 4TH 3EL. FINAL SEL.
0002

Hnnim

GRADE OF SERVICE IN AN AUTOMATIC EXCHANGE.

FIG. 3.

3.4 Owing to the variation of traffic demsity, it is not possible to maintain the grade of
service at all times exactly at the standard level. Conseguently, under normal conditions
in a working exchange, the grade of service on any one group is allowed to deteriorate to
1 lost call in 200 {0.005), at which stage sufficient additional switching equipment is
provided for the estimated two yéar requirements at the standard grade of service.

3.5 Experiencs and observation have shown that the actusl proportion of lost calls in trumnk
groups carvying a given amount of traffic per hour is closely in accordance with the
results obtained from a mathematical calculation based on the Theory of Probabilities.
This theoretical calculation, therefore, is used as far as it can be usefully applied in
the determination of the number of switches regquired.

For example, if a group of subscribers originating a given amount of traffic can be

given access to a group of 1lst selectors in such a way that each subscriber can reach any
of the 1lst selectors, the application of the theory in order to determine the resulting
grade of service is trustworthy and comparatively simple,

3.6 Switch Provision. Fig. 4 shows switch provision curves, based on the theory of
probabilities, used in the design of simple trunk groups.

The number of outlets or trunks required to carry a given amount of traffic with a given
grade of service may be determined from these curves, assuming that all the trunks in
the group are available to the subscriber originating the call, as referred to in
paragraph 3.5 above.

Ten traffic units is the equivalent of the traffic carried by 10 trunks if these trunks

are fully occupied throughout one hour. From Fig. 4, it will be seen that to carry 10 T.U.
with a grade of service of 0.10, 12.4, say 13 trunks, would be required as compared with
10 trunks required if the calls are put through one after the other in regular order.

That is, three extra trunks are required in the group to allow for the calls being
distributed throughout the hour on a chance basis instead of being put through one after
the other. So that with 13 trunks, then during the busy hour 1 call in 10 would be lost
because of insufficient trunks.

To carry 10 traffic units with the standard grade of service of 0.002, 20 trunks would be
required. That is, where we allowed three extra trunks to provide a grade of service of
0.1, we now require to allow 10 extra trunks, making a total trunk group of 20, expecting
that 1 call out of every 500 will fail to get through because of insufficient trunks.
Similarly, 22 trunks would be required to carry 10 T.U. with a grade of service of 0.0005,
that is, 1 lost call per 2,000.

/ It
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It will be appreciated, therefore, that the grade of service to be given in automatic

exchanges must be very carefully determined so that only the number of switches, cabling,
etc., will be provided that are economically justified.

Another interesting and important point in regard to the probability curves shown in

Fig. 4 is the increased efficiency resulting from an increase in the size of the group.
For instance, to carry two traffic units with a grade of service of 0.002, a group of eight
trunks is required. If there were four similar groups, eight trunks would be regquired in
each group, or 32 trunks in all, carrying eight traffic units, two in each group. If,
however, the eight traffic units can be fed into one group of trunks, the curve shows that
a total of 18 trunks will be required. That is, approximately one half of the number
required in the case of the four separate groups.

TRAFFIC UNITS.
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FIG. 4.

3.7 In most exchange installations, the problems are more complicated and their solution by
theory becomes somewhat involved.

Each subscriber may in actual practice, obtain access to the first rank of selectors by
means of a uniselector having a limited number of outlets, for example, 24. The number of
1st selectors required in the exchange may, however, be 1,000 or more and the problem is

/ to
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to arrange the trunking of uniselectors and selectors in such a way that, while any
particular line can reach only 24 selectors, the traffic of the exchange will be carried
at the specified grade of gervice by a minimum total number of selectors.

Fundamentally, the calculation and design of trunk groups in automatic exchanges is based
on the theory of probabilities and traffic capacity tebles have been prepared from which
can be read the number of switches required to meet various conditions.

3.8 Pure Chance and Smooth Traffic. Pure chance traffic may be defined as traffic such that a
call i1s as likely to originate at any one moment as at any other. This carries with it
the implication that the number of sources from which calls can originate is infinite, and
means that the traffic at any given instant will vary widely from the average traffic
measured over a period of time.

Smooth traffic, on the other hand, is such that the traffic at any given instant will not
differ greatly from the average traffic measured over a period of time. Smooth traffic
conditions apply when the number of sources from which the calls can originate is small
and the traffic is large, since, in such circumstances, the chance of a further call being
originated diminishes as the number of calls already in progress grows larger. Smooth
traffic also occurs at @ certain stage in the switching process owing to the fact that
traffic peaks in any previous group have been spread over a number of groups due to the
interconnection arrangements.

(i) Traffic Offered to lst Selectors. Normally, subscribers are not influenced by any
common factor and, therefore, originate calls quite independently of each other.
As the number of subscribers on the exchange is large and each originetes only a
small amount of traffic, calls are as likely to originate at .any one moment as at
any other, independent of the number of calls already in progress. Therefore, the
traffic on the lst selectors is assumed to be "pure chance".

(ii) Traffic Offered to 2nd Selectors. Due to the manner in which the outlets from one
group of subscribers' uniselectors are connected to the 1lst selectors, the traffic
on individual shelves of lst selectors is smoother than pure chance traffic.

This smoothing of the traffic in individual groups is noticeable even when the
traffic is divided among the various levels of the lst selectors according to the
digit dialled, hence the traffic offered to 2nd selectors is regarded as "smooth".
With the proviso that -

(a) At least 70 first selectors serve the uniselector grading.

(b) Where a group of lst selectors serves both subscribers and dialling junctions
from manual exchanges, the traffic offered to the 2nd selectors is only
regarded as "smooth" if the number of shelves of 1lst selectors serving the
subscribers' uniselector grading is greater than half of the total number of
shelves,

(iii) Traffic Offered to 3rd, 4th and Final Selectors. Although the smoothing effects
noted in (ii) are present, the splitting up of the traffic into small groups
means that the traffic in any group is generally too small to effect any
noticeable reduction in the number of selectors required. This traffic is,
therefore, regarded as "pure chance".

At each switching stage, sufficient switches are provided to carry the traffic with the
required grade of service. With "pure chance” traffic, the number of switches provided
will be influenced by the size of the traffic peaks, so that for long periods a large
number of switches will be idle. With traffic which is 100 per cent. smooth, the number
of switches provided will be sufficient only to carry the average traffic. This degree of
smoothness, however, is not achieved in practice, but the degree of smoothness obtained

in the case of 2nd selectors is such that for a given amount of traffic, less switches

are required than for pure chance traffic,

/ 4.
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4., TRUNKING.

4.1 Trunking is the name given to the branch of automatic telephony which deals with the
determination of the smount of plant required in an automatic exchange, its arrangement
and cabling. It also concerns the methods of rearranging and adding to that plant as
circumstances require, From a knowledge of the amount of traffic, the guantity of
switching apparatus is determined. In designing exchanges, it is necessary to
determine the precise quantities of apparatus required at each switching stage so that
calls will be set up in the most economical manner. There is a big difference in the
cost of a good and a badly designed exchange. The design must take into account the
capacity of the switches and the way a call is routed, both inside an exchange and over
junctions in the network to other exchanges so that the maximum traffic can be handled
by the plant available. Trunking can be divided into two sections -

(i) Switch provision based on the traffic, and
(ii) Trunking or routing of calls, as shown in the trunking diagrams already
referred to in previous Papers.

The great bulk of the exchange switching equipment consists of apparatus such as group
selectors, final selectors, etc., provided for the common use of subscribers. The
quantity of the equipment depends upon the volume of traffic to be carried and not
upon the number of subscribers and junction lines connected.

There are many ways in which the number of trunks or outlets involved may be grouped
and very careful calculation and planning are needed in order to arrive at the best
economic layout and to ensure that the amount of switching plant at all points in the
system shall be adequate to the requirements of the traffic without wasteful over-
provision anywhere.

It is necessary, therefore, in the first place to prepare data regarding the estimated
traffic of all classes such as local calls, and outgoing end incoming junction calls to
the various exchanges. The average probable duration of the calls, that is, the
holding time, has also to be determined for each class of call. This data is prepared
for the busy hour of the particular exchange trunk group under consideration.

4.2 Simple trunking diagrams for various types of exchanges and networks have been given in
previous Papers in tlis Course. An outline will now be given of the various methods
of connecting the switches in one rank to their associated bank multiples of the
previous rank. Consider a 1,000 line exchange eguipped with 10 contact uniselectors in
which 10 first group selectors are sufficient to carry the traffic from each 100 lines.
Obviously, 100 group selectors would be reguired to carry the traffic offered by the
1,000 lines., It would be found, however, that each group of 100 lines would originate
its maximum traffic at different periods during the busy hour, whilst several groups
were busy the remesinder would be comparatively slack and at any time during the busy
hour we may find only 80 first selectors simultaneously engaged. Each group of 100
needs 10 switches at some time, but all do not need the maximum number at the same
time, It follows, therefore, that if we were to make every lst selector available to
every subscriber in the exchange, the number of lst selectors required would be 80 and
not 100 as would be necessary by basing the number of 1lst selectors on the busy hour
traffic offered by each individual group.

This condition is known as Full Availability and exists where all of the sources of
traffic have saccess to every trunk to the next stage. Another way of stating the
condition is that all switches are accessible to calls from the previous rank. We
see, then, that the minimum number of lst selectors in the next rank occurs under full
availability conditions.

One method of obtaining full availability, is to employ a switch which has a bank
capacity equal to the number of outlets required to carry the traffic offered. Thus,
in the case chosen, a uniselector with 80 outlets would give full availability. The
searching time and the cost must be taken into account, for any saving in lst
selectors might be more than counterbalanced by the increase in the cost of the
uniselectors and banks.

4,3 Secondary Working. A second method of achieving full availability is to use a 2nd
uniselector between the subscriber's uniselector and the first renk switches. An
instance of this is the Siemens No. 16 system. (See Fig. 5.) Taking the figures used

/ previously
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previously, that is, 80 first selectors for a 1,000 exchange under full availability
conditions, the secondary trunking scheme is as follows - 100 second uniselectors are
installed in 10 groups of 10. Each group of 10 second uniselectors has access to 8 trunks
to 1st selectors. The 10 trunks from the first group of subscriber's uniselectors are
trunked to the lst uniselector in each secondary group, for example, the first trunk to the
lst uniselector in secondary group No., 1, the second trunk to the lst uniselector in
secondary group No. 2, and sc on. The 10 trunks from the second group of subscriber's
uniselectors are trunked to the 2nd uniselector in each secondary group, the 10 trunks

from the third group to the third uniselector in each secondary group, and so on. Thus,
every subscriber has access to every lst selector, and this will be apparent if a few of the
routes are followed in Fig. 5.
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For the purposes of simplicity, only 28 of the 100 trunks from the subscribers'
uniselectors to the secondary uniselectors are shown in Fig. 5. All subscribers'
uniselector groups of 100 lines are trunked in a similer mammer to the two shown at the

top of Fige 5¢ It is important to realise that the efficiency of full availability applies
whatever the trunking scheme. It has been shown that 10 point lst and 2nd uniselectors
give full aveilability from 1,000 subscribers to about 80 first selectors, but the results
would be equally effective if a line finder system were used, and the 80 line finders,

with associated lst selectors, searched for calls amongst the 1,000 subscribers.

4,4 Limited Availability. Full availability, however, can rarely be given in practice. In most
applications in exchanges the availability is limited, For example, in the case of group
selectors trunked direct from uniselectors, the availability is limited to the number of
contacts on the uniselector bank. Thus, a uniselector has access to a number of selectors
equal to the number of contacts on the uniselector bank, and if all these are busy, the
call is lost even though other group selectors may be disengaged. Various means have been
adopted to increase the efficiency without the necessity of providing a secondary trunking
scheme. "Inbterconnecting" is the name given to any method of connecting together level
multiples when the availability is limited, so that sets of trunks available from different
shelves are partially common to one another, or in other words, any method of connecting
level multiples together so that trunks are available from different sections in different
order.

4.5 Full Availability Groups. Non-homing type uniselectors may be divided into simple groups,
the banks of each group being multipled and connected to a group of 25 first selectors,
Twenty-five trunks are usually more than sufficient for 100 subscribers' lines, so these
outlets are arranged to be available to two, three or more units of subscribers' uniselectors,
depending on the average originating traffic psr line. Each group of 25 first selectors
is called a "full availability group", as they are fully available to the uniselectors
having access to them. The switch provision curves (Fig. 4) may, therefore, be employed.

Note. Although "full availability" conditions occur inside each group, regarding the
exchange as a whole the availability is limited, since any uniselector cannot reach any
1st selector. Do not, therefore, confuse the terms "full availability" and "full avail-
ability group".

4.6 Grading. Homing type uniselectors, and two-motion selectors search over their outlets in a
definite order, and the method of interconnecting the trunks in these cases is termed
grading.

One advantage of full availability is that it distributes the total traffic over all the
switches and, therefore, uses each one to a high efficiency. Grading is another method of
distributing traffic to give each switch an efficient load, and is & system of connecting
level multiples together so that a group of switches is given access to individual trunks
on the early choices, but in the later choices shares access to trunks with other groups.
Grading can be applied only to switches which give an invariable order of search.

Consider a group of switches having access to 10 trunks which are tested in the invariable
order 1 to 10. The second outlet will be used only when the first is in use, the third
only when the first and second are in use, and so on. The first choice outlets will,
therefore, carry the greatest percentage of the total traffic, the later choices carrying
only the traffic originated when the earlier choices are in use. If the total traffic
offered to 10 trunks is 5 T.U., then the approximate traffic carried by each individual
trunk will be as follows -

Trunk No. Traffic Carried.
1 0.815 T,U.
2 0.79 T.U.
3 0.73 T.U.
4 0.66 T.U,
5} 0.565 T,U,.
8 0.47 T.U.
7 0.36 T.U.
8 0.28 T.U.
9 0.17 T.U.

10 0.1 4 (0)e

TOTAL = 5 T.U. (Nearly).
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From this table, it will be seen that the later choices carry very little traffic. The
later choice trunks only carry the pesk traffic originated by the group of lines which the
10 trunks serve., As the demand for 10 trunks from one switch group rarely coincides with a
similer demand from other groups, the later choice trunks could be made accessible to a
number of groups. This is the principle of grading.

To simplify the description, the case of outlets from group selectors will be considered,
As has been explained, group selectors are arranged in panels, the bank contacts of the
switches in a panel being multipled together. Consider the second level of two panels (4
and B) of lst selectors. -From each panel there will be 10 sets of multipled contacts on
this level, and these contacts may be represented as shown below -

. 2 3 4 5 S 7.8 2 ¥

Bach short horizontal line represents a set of negative, positive and private contacts. If
it is desired to connect these contacts to 10 second selectors, the corresponding contacts
can be joined together and taken to a selector, as shown below -

PANEL A 1 2 3 4 5 S 7 8 9 10
This is a full aveilability conditi.on, as each 1.t setector has access to any 2nd selector.
If it is necessary to increase the number of 2nd selectors to 14, contacts 1-4 of panel A

may be connected to a different set of 2nd selectors to those available to contacts 1-4 of
panel B, as shown below -

l_3_i_7_9|01l 12 13 14
s 2 2 ¢ e LCCCCLE
Full availability conditions no longer occur.

Second selectors Nos. 1, 3, 5 and 7 can receive traffic only from panel A, and are said to
be "individual" to panel A, Similarly, 2nd selectors 2, 4, 6 and 8 are individual to
panel B. Second selectors Nos, 9-14 can receive traffic from either panel and are called
"common". As selectors hunt over the banks from left to right, 2nd selectors Nos. 1 and 2
are called "first choice", 2nd selectors Nos. 3 and 4 are "second choice", 2nd selectors
Nos. 5 and 6 are "third choice", and so on.

Fig. 6 shows the same principle extended to show how the contacte from one level of 12
groups of selectors may be connected to 48 selectors in the next rank -

PANEL A <+ 2 2E§: 31 35 39 42 45 47 48
PANEL B 2 & A RO HN AN S S A
PANEL ¢ = & ZE“ S COrpy [N SRR B o
PANELD 4L & 2 ¢ | L |- - -
PANELE 5 JZ 27 | | 40 43 | | |
o aglr Y ¥ Y R I I I (5
PANELG L 12 28 33 37 | | 46 L
PANEL N 2 20 r—_ BEE TS S St My i [
PANEL) 2. 2L 20 | [ 4t 44} L |
PANELJ & 22 E 34 38 | L L. - |-
paneLk &b 23 39 L L L b L -
PANEL L A 22 W N N TR S S S

12 GROUP GRADING WITH 48 TRUNKS - AVAILABILITY 10.

FiG. 8.
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The first two contacts in each group are given sccess to individual 2nd selectors. The
third contacts of each group are connected in "pairs", each pair being connected to a
separate 2nd selector. The next two contacts are arranged in "threes", after this come

two sets of "fours" and one set of "sixes"™. The nineth and tenth contacts of each group are
connected together and taken to "common" selectors,

This arrangement is called a "grading", and it is evident that a large variety of gradings
is possible. The number of groups and the number of outlets may vary, and tables have been
prepared to give the most efficient formation of the grading in each case. The arrangement
is very flexible and in practice enables trunking alterations tc te made with very little
difficulty.

The principal advantage of grading, however, is not that it is flexible, but that the
average traffic capacity of the rank of selectors reached by the grading is increased.

For a given volume of traffic and grade of service, a Tewer number of switches is reguired
in the next rank when the outlets are graded than when they are arranged in separate groups,
the availability being the same.

In considering the switch saving effected by grading, it may be pointed out that, but for
grading, it would be necessary in the example shown in Fig. 6 to "tee" the contacts from
the panels in pairs to form six full availability groups of 10 selectors. The traffic
capacity of these 60 selectors is approximately the same as that of the graded group of
48 selectors. Thus, in this example, the use of grading nas resulted in a 20 per cent.
saving in the number of 2nd selectors required.

4.7 Limitations to Size of Grading. Although there is no theoretical limit to the size of a
grading, practicel considerations mske it desirable to limit size for the following
reasons -

(i) To facilitate tracing of calls.
(ii) To lessen congestion of tie cable circuits.

(iii) To minimise crosstalk caused by exchange equipment.

For the above reasons, limitations are laid down as to the maximum size of gradings as
follows -

(1) Double-sided trunk boards (as described in Paper No. 7). The maximum number of
trunks from a grading should not exceed the capacity of a bay, that is, 120
group selectors.

(ii) Single-sided Racks (described later in the Course for Siemens No. 16 System and
2,000 type equipment). The maximum number of trunks frcm a grading should not
exceed the capacity of 3 racks.

Crosstelk via bank contacts is due to capacity unbalances via -
(i) Adjacent contacts in adjacent levels.,
(ii) Adjacent contacts in the same levels,
The limitations imposed are -

(i) The maximum number of selector bank contacts to be multipled is 2,400.

(ii) When two levels are adjacent, the number of contacts which may be multipled must
not exceed 1,250 when the number of contacts multipled for the same choice in the
adjacent level exceeds 1,250,

(iii) The meximum number of uniselector bank contacts to be multipled is 2,000,

/ 4.8
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4.8 Straight and Slipped Banks. Present practice is for selector banks to be multipled in
"straight" fashion, that is, No. 1 contacts of every bank is commoned, likewise No. 2,
ete, As previously mentioned, this condition is necessary whenever grading is used.

In full availability groups (not graded), it is desirable that each trunk should carry an
equal share of the total traffic. This condition is achieved only by non-homing type
switches. By using "slipped" banks, the same effect may be obtained on switches which
search over their outlets in an invariable order. Slipped banks are connected in such a
way that No. 1 contact of a level of the first bank is connected to No. 2 of bank 2 and
No. 3 of bank 3, etec. The principle is shown in Fig. 7.

TRUNKS TO NEXT RANK
t 2 3 4 s ) 4 8 $ w0

PANEL A
PANEL B
PANEL €

PANEL 0
PANEL E
PANEL F
PANEL @

SLIPPED BANK MULTIPLE.

FIG. 7.

This arrangement reduces hunting time to @ minimum &nd reduces mechanical wear on the
switches, The main disadvantages of the scheme are that uneven wear may be realised on
bank contacts and mechanical portions of the switches, and the added complexity
introduced into call tracing.

4.9 Trunking of Outgoing Junctions. In this case, the economic advantage of securing the most
efficient trunking arrangements is greatly increased by the fact that the next ramnk of
selectors is located in another exchange, and the connecting circuits may traverse many
miles of underground cable.

In the case of small groups, say 10-30 junctions, selector outlets to outgoing junctions
are graded.

Where the number of outgoing junctions to one particular exchange is large, say over 30,
the increased traffic efficiency attending the selection of circuits in large groups has
led to the practice of installing in these cases 25 point secondary uniselectors ( junction
hunters) between the selector banks and the relay-sets installed on the outgoing junctions.

The decision as to whether junction hunters should be installed is made after taking into
consideration all the relevant costs (including meintenance of the exchsnge equipment and
line plant) to provide the standard grade of service -

(i) With junction hunters; and

(ii) Without junction hunters.

The charges involved in each scheme are considered as at the present time and et the
end of the 5 year and 20 year periods and junction hunters are only installed if the
instellation in the light of the above costs is economically sound.

Normally, any one selector has access to 10 trunks on any particular level. By
connecting each one of these trunks to a secondary uniselector equipped with a 25 point
bank and then connecting the 25 outlets of this secondary uniselector bank to the out-
going junctions, it is possible to arrange that one particuler gelector will have access

/ to
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to any one of a number of junctions up to 10 x 25 = 250, The junctioms function as one
simple group. The full benefit of junction hunters can only be obteined if the junction
hunters are equipped with a "group busying" feature, which prevents selectors from

seizing a hunter in a congested group.
5. TEST QUESTIONS.

1. {(a) State what is meant by the term "traffic unit".

{(b) A group of 100 subscribers originate an average of 1.5 calls each during the busy hour
and the average duration of a call is 2.5 minutes., Find the totel number of
traffic units originated by the group in the busy hour. (Answer 6.25 T.U.).

(c) What is the average busy hour calling rate of sthe subscribers in the gTroup.
(Answer 0.0625 T.U., per line).

2, A row of 10 selectors is observed at regular intervals. The number of selectors
engaged at the successive periods is as follows -

3,1,0,8,2,4,5,3,4,2,7,9,5,8,2,3,1, 2,0, 1.
Find the traffic units carried by the selectors in that hour. (Answer 3.2 T.U.)

3. (8) What do you understand by grade of service?

(b) When observed over 10 busy hours, a group of switches carries an average hourly
traffic of 10 T.U., the average duration of a call being 3 minutes. If the total
calls lost during the 10 hours, owing to all the switches being engaged, is 20,
what is the grade of service? (Answer 1 in 101, say 1 in 100 = 0.0l.)
4. What is meant by "grading" and what are the principal advantages of grading?

5. What do you understand by "individual™ and "common" outlets as applied to gradings?
Which should be tested first in order to obtain the best effect from a greding?

6. REFERENCES.

Telecommunication Journa; of Australia.

Volume 1, No. 2 - "The Methematical Theory of Probebilities Applied to Trunking in
Automatic Telephony" by C. McHenry.
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Volume 6, No. 5 - "Portable Traffic Recorder {Resistor Type)" by W. M. D. Squair.

Telephone Engineering Instructions.

Exchanges Automatic T 0001 - T 0180 - Traffic and Trunking.
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