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~ powever, it is necessary to provide alarm conditions should a
fuse serving the automatic apparatus blow, and at the same time
the supply lead served by the blown fuse must be connected
to earth to prevent the release of any connexions which may be

- connected to the metering supply during the time that the fuse
is blown. Relay FA4 is normally operated through the

~ 10,000Q spool and FA1 to the positive battery through the

fuse. When the fuse blows, relay F A releases; FA4 connects

~ earth to the positive booster battery supply lead; FA3 re-

" moves the short-circuit from relay FD and operates relay FB;
FA2 disconnects the localizing key. The circuit of the prompt

~ alarm is closed and the fuse alarm lamps on the fuse panel and

the power board, together with the main fuse alarm lamp

(blue) glow.
Ringing Machines. The ringing current is furnished by a
motor-driven generator or dynamotor. Two machines are
provided, one driven from the public electricity supply mains
" and the other from the exchange battery, so that in the event
of failure of the power supply the battery ringing machine may
be brought into use; to minimize any possibility of delay, the
change-over from the power-driven machine to the battery-
driven machine is accomplished automatically.
The connexions of a typical battery-driven machine are
shown in Fig. 131. In addition to the slip rings, the machine
~carries a series of commutators, which are used to provide—
(i) a tone of 400 p.p.s.;
(ii) a tone of 133 p.p.s.; and
(iii) a tone of 33-3 p.p.s.

A set of interrupters is driven by reduction gearing from the
‘Main shaft of the ringing machine. Each interrupter consists
0fa cam and associated spring set. The cams revolve once in

3.S§00nds. The first three sets of interrupters are used for pro-

Viding interrupted ringing current ; the alternating current of

17 p.p.s. is connected for 0-4 second, the ringing lead is earthed

for 0-2 second, ringing current is again connected for 0-4 second,

and, finally, the lead is earthed for 2:0 seconds. This cycle of

‘gPel‘aations occurs in sequence, being displaced 1 second at each
‘tﬁm’ The actual load on the ringing machine at one time is

foel‘efore only one-third of the total load on the exchange. The

aatg(lith Spring set is associated with the busy back and is oper-
fifty, fOr_ 0-75 second and normal for the same period. The

mot SPring set is only supplied on exchanges equipped with a

; 701' Start circuit, i.e. where the ringing machines are not run
—(T.5070 .

by
o
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continuously ; it is operated for 0-4 second and normal for 2-¢
seconds. The sixth spring set supplies interrupted earth at
busy speed, i.e. 0-75 second on, 0-75 second off.

hlerrupled Ringing. I Busy_Bsck. !Motor ,Stsrc‘,.! Inlerrupted Esrth

20 secs. OfF. 0+ 75secs On. | 26 secs OFF 075 secs On.
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Fie. 131. WiriNg or TyPICAT. RINGING DYNAMOTOR

Ringing and Tone Distribution. The frequency and interrtp-
tions of the ringing current have been stated on page 33,
whilst the various tones required in an automatic exchang®
are set forth on that page. In large exchanges, the ringing
machine is run continuously, and the following description an
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oA
diagrams show how the various tones, etc., are distributed to
the apparatus.

Busy Tone and Flash (Busy Back). The circuit for the genera-
tion and distribution of busy back is shown in Fig. 132. Battery
is supplied through a resistance, x, to a smoother unit and
thence via one coil of a tone transformer to the 400 p.p.s. inter-
yupter drum on the ringing machine and so to earth. The resist-
ance, %, is adjusted to give a satisfactory volume of tone, and

its value depends upon the equipment concerned. The
~ gmoother unit is provided so that as pure a tone as possible is

obtained. The spark quench condenser and resistance connected
to the transformer coil prevent sparking at the segments of

_%,m, [Smoother Uit
2 [0SH 01H 0:5H|

Busy Tone
and Flash
Sypply Leads.

075 sec. o rr—=
075 sec ofF 0 T

v

3 Ringing Reset
Change-over  Supply F! Key
0 Switch. lack 5 I

Fice. 132. DisTrIBUTION OF BUsy ToNE AND Frasu

the interrupter drum. The tone from the secondary of the
fransformer is connected to the busy interrupter springs which
are operated by the cam carried on the slow speed drum. With
i'th’e springs normal, a battery is connected to the supply jack
through the ringing change-over switch ; when the springs are
“)‘P‘era,ted, the battery is removed and the tone substituted.
he Purpose of the condensers and resistances is to prevent
Ay objectionable clicks during the change from battery to
One conditions. :
b ‘The supply is distributed from the supply jack through a fuse
\.ﬁ?a,rd, and a fuse alarm relay is associated with the fuse panel
:;EBPI‘OVIde for alarm conditions in the event of a fuse blowing.
-f‘.e Supply leads connect to the various racks requiring this
ﬁiﬁf suppl_y, and connexion to the apparatus is made through
1. <8 provided on each rack. The arrangements of the fuse

alay
a'l_fl;‘; relay follow normal practice and need not be elaborated
Ror.
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Busy Hold. In the case of group and final selectors, anq
certain other apparatus, it is necessary to supply a busy holq
battery during the flash periods of the busy tone, and the
arrangements for this are shown in Fig. 133. The interrupter
cam operates 180° out of phase with that for the busy bﬁack
springs, and the supply passes through the change-over switch

Ringmn,
’ Chagggover

075 sec. on gg y
: o = Sueply o | Busy Hold
075 s€c. OFF. " |l / Jack. Vi— pr/y e adis
200 lo—J Leads
BH1 Reset Key
¥ a & BH2Y X, e
5””}_ }-Bﬁli | BH
Z

Fuse
Promsb Alsrm
Alaﬁm:l?_: T =

Fic. 133. DisTrIBUTION OF BUSY HowLD

to the supply jack. Thence, distribution is gffected_thrpugh a
fuse panel, having a fuse alarm relay associated with it, and
U-links on the apparatus racks.

N.U. Tone. The connexions of the circuit for the supply and
distribution of number unobtainable (N.U.) tone are given mn
Fig. 134. There are two cases: first, the supply of tone to the

Ringing

Change-over
Switch. Supply Jack.

Rl ==

N.U.Tone
Supply Leads
To Main Frame.

: "|H

[ f——wr

/st Code
Selectors.

B S.AR.

Fie. 134. DistriuTioN oF N.U. Toxe

main frame ; and second, the supply of tone to first code sele¢”
tors and special apparatus racks. In the ﬁrs.t case, the %26
p.p.s. interrupted battery is fed through the winding of a 1‘01,“
transformer. The secondary winding is connected to batteh
on one side, the other side being connected through the rmg}lig
change-over switch and supply jack to the fuse panel serv nis
the main distribution frame. It will be noted that this ton¢
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superimposed on earthed battery, a point of importance in the
operation of certain circuits to be detailed later. In the case of
the supply to first code selectors, and special apparatus racks,
this battery is not required, and hence a second tone trans-
former is used but the secondary winding is connected to earth.
The resistances marked X in the diagram are adjusted to give a
satisfactory volume of tone and their value depends upon the
equipment. To prevent sparking at the brushes on the 400 p.p.s.
interrupter drum, a spark quench circuit, not shown in the
diagram, is connected to the tone transformer brush and con-
sists of a 2T condenser and 100Q resistance connected to earth.
NON-DIRECTOR '
i Ringing

Changé-over
Jwitcghe.

7” Supol:
FZ Vi

DIRECTOR H 0 =TT
\ 70 Dial Tone
300, \ Jupply Jacks
.’
|

,\ Y @ @ on 4.ER.

F1e. 135. DiSTRIBUTION OoF DIisrning TONE

¥ '
- Group Engaged Tone. Where group engaged tone is required
on groups of outgoing junctions multipled over the auto-
‘manual switchboard, the N.U. tone is used and the tone is
tapped from the supply to the S.A.R.

‘-:_,Dial Tone. Non-director Ewxchanges. In the case of non-
I@Jrector exchanges, the dial tone is required to be earth-con-
nected. Here, the arrangement shown in the upper portion of

Flg 135 is used, the resistance X being adjusted to give a satis-

g@‘ﬁtory volume of tone. In Director exchanges, however, the tone

S Tequired to be connected through earthed battery.and the
‘;af'l‘jra:ngement shown in the lower part of the diagram is used.
both cases, the supply is taken through the ringing change-
r switch and the supply jack; thence via supply jacks on
9‘.&1a,rm equipment rack (A.E.R.) to U-links provided on the
~Lous apparatus racks.
, nglng and Ringing Tone. Ringing current from the genera-
ESlip rings is connected to the ringing fuse panel and thence
the various portions of the equipment calling for a con-
2 ge S Tinging supply. In each case,the supply is taken through
“®V-ohm ringing resistance lamp, which for manual positions
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is fitted in the roof of the position, and for P.B.X. ringing leads
is mounted on a panel adjacent to the fuse panel. The ringing
and ringing return leads form a twisted pair, as indicated by
the enclosing loop in Fig. 136; for man}lal switchboards and
P.B.X. ringing leads, the ringing return 1s ponnected to earth,
but for the test desk and the machine ringing the return leads
are connected through earthed battery. Interrupted, or
machine, ringing is generated by the interrupter cams carried

ot

| Ringing C/;?/lge-oyer
Switch.
.0 Sec. Earth. i
g¢ 555. Ringing. J;l/;//)( y '
0:2 Sec. 5 arth. :
0-4 Sec. Ringing. 1o Ringing Tone
Supply Jacks on A.E.R.
+ — X
i ontinuous 660_ Ringing\ Manual
\5?[1;}/,7 s i Ringing 660® :_gzl?/e;f%’rﬁq } Board.
: /,?agt'zglrn } P.B.Xs.
| 660, Ring }75 ;stk
i ' Ringing Failure == Return
| P gzlays.{__‘ I
Interrupted
Ringing

Suppll

Lea

i Machine
54’2% } Ringing

..H...E

Fre. 136. DISTRIBUTION OF RINGING CURRENT AND RiveiNe Toxw

slow speed drum of the ringing generator. These sprin gs
Z?eﬂ;)iovidedpin triplicate and during the two §eq0nds eagg
périod of one set, the other two sets provide their interrup "n
period in turn; the connexions of one set only are g.lvelz )11
Fig. 136. Bach of the three spring sets supplies approxima tkh}e
one-third of the exchange equipment, thereby enabling ve
load on the ringing machine at any given .mstant to be re.dufna
to one-third of the total load and enabling a smaller rlngl,lhcl
machine to be used than would otherwise be the ca,se.]rrr
addition, the rather peremptory brrr—_—brrr———brr}?—f ;he
of the machine ringing results in subscribers ar_lsw.ermg'g b
telephone slightly more speedily than when ringing *
longer and more infrequent intervals.
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- The ringing tone is derived from thel33 p.p.s. interrupter.
- Ringing current is tapped off and fed through one coil of the
tone transformer and a resistance, X, to the interrupter drum.
The resistance is adjusted to obtain a satisfactory volume of
tone. The secondary winding is connected through interrupter
springs and the ringing change-over switch to the supply jack
- and thence through supply jacks on the alarm equipment rack
(A.E.R.) and via U-links to the apparatus. Previously, it was
the practice to supply the ringing tone by superposing it upon
the ringing current and then filtering it out through a small
- condenser in the selector or other apparatus; this had the

disadvantage that no return circuit was provided for the tone,
~and by supplying tone separately and providing a return circuit
~in the apparatus, a much clearer tone is obtained.

watch
J Recelver

e Busy Tone & Flash Common.
N.U. Tone Common.
Disl Tone »
Y Ringing 7one
Rotary Switch

Fie. 137. ToNE OBSERVATION CIRCULT

~ Tone Observation. For observing the quality of the tone
supplied to the exchange, a rotary switch and watch receiver
are provided on the power board ; these are connected as shown
in Fig. 137, the actual connexion to the source of tone being
made on the centre blades of the ringing change-over switch.

- Flicker Signal. For the purpose of certain signals and timing*
operations required in automatic switching apparatus, it is

200

Spring set and the arrangements for distribution are shown in
Fig. 138. The output is connected via the change-over switch
to the supply jack on the alarm equipment rack and thence
10 the supply jacks on the apparatus racks. ,
- Interrupted Earth. This is similar to the flicker signal, except
Bhat the interruptions are made at busy speed, i.e. 0-75 second
Itervals. The connexions of the distribution circuit are shown
I the diagram in Fig. 138.

Ringing Machine Start Facility. At small exchanges, the ring-
‘-“3" generator is only run when and as required. To enable this

%0 be done, a start circuit is controlled by all apparatus requiring
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a supply of either ringing current or any one of the four tones.
The slow speed shaft of the ringing machine is provided with an
additional cam and spring set arranged to open for a period
of 0-4 second and close for 2:6 seconds. The connexions of the

Cg/'ng/ng

Flicker ange-aver

géc'}i on e e ™ Suppl
Je e onts Bmoeetbn L, S

7o Supply Jacks on Position
Appafapt%.s Racks

%200

Interrupted
s
Earth X ~ Supply

075 Sec.on Bermo—~o0—§ Hir+
075 Sec. oﬁ‘p H Jack

To Supply Jacks on
Apparatus Racks and Bays.

Fic. 138. DISTRIBUTION OF FLICKER SIGNAL AND INTERRUPTED
EArTH

motor start circuit are shown in Fig. 139. When earth is applied
to the start wire, relay M8 is operated and locks through MS1 to
earth at the cam springs; MS2 and MS3, which are both plat-
inum contacts, close the circuit of the ringing machine. The
machine starts up, and ringing current and tones are supplied
to the exchange equipment so long as earth is maintained
3%Second Carn 0N the start wire. When

this earth is removed,

the motor continues

\')E, Earbfzw'i; ] MS1} ] il th 3 .
Starter Contacts -sec.
on Keys,ebe. - 7505] 445 L running until the

cam springs are opened
+ relay MS is then re-
leased and the motor
circuit is broken. The
purpose of the 3-sec.
cam springs is to pre
vent damage to con”
¥ tacts MS2 and MS3 bY
Fic. 139. ErLeMENTS OF MOTOR START ensuring that, having
Cmouxe operated, relay M5 1°

retained for a sufficient length of time to permit the motor
to gain speed and so reduce the current flowing. This pre\'(‘llts
a momentary earth on the start wire from causing the releas®

Reactance
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of relay MS at a time when the motor is taking a heavy start-
ing C;mrren‘p. In'additii)n, a spark quench consisting of a 2uF
condenser in series with a resistance of 10Q is conne a
MS2 and MS3. When the motor slows down, the I;t:iemrfgglsj
of phe armature is enough to carry the 3-sec. cam past the
springs and permit them to close in readiness for the lockin
circuit pf rela){ M S when earth is next applied to the start Wirég
Ringing Failure Alarm and Change-over Equipment. The
standard arrangement for automatic exchanges provides for a
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F1a. 140. RiveiNne FAILURE ALARM AND CHANGE-OVER CIRCUIT

s

R
I
/

lInging machine driven from the public electricity suppl
n;ilns Iabnd a stand-by machine driven from the exchgnge %I;ty
3 a?;i n the event of failure of the power-driven machine, the
amm%le-o_ver to the battery-driven machine is accomplished
. atically and a deferred alarm is given. Should the bat-
mentsl}ven machine fail, a prompt alarm is given. The arrange-
. (;)r the change-over and alarm conditions are shown in
With o Relays RFK, RFL, RFM, and RFN are supplied
3 Iging current from the first distribution fuse on the
Panels associated with continuous ringing, and machine



190 TELEPHONY

ringing to each of the three sections of the exchange respect-
ively. Under normal conditions, these relays are operated by
the ringing current, RFK continuously, and the other three
relays in turn during their respective ringing pulses. A switch
is included in series with each relay to provide for testing the
alarm and change-over equipment in respect of each relay,
The operated contacts of these four relays maintain the circuit
of relay XY, which is slow-releasing and retains over the 0-2
sec. earth period of the machine ringing. XY1 operates relay
XX, which is also slow-releasing ; XX1 and XX2 disconnect
relay ST, whilst XX8 disconnects the ringing failure alarm
lamp.

Should the power-driven machine fail, or any one of the
separate ringing supplies fail, the release of the associated
ringing fail relay disconnects relay XY, which releases and
disconnects relay XX. This relay also releases and closes the
circuit of relay S7' and the ringing failure alarm lamp. ST1
closes the circuit of the ringing failure alarm lamp and relay
SU : ST2 closes the prompt alarm circuit. Relay SU locks
through SUL and the reset key; SU2 prepares a circuit for
relay SW; and SU3 closes the circuit of the solenoid of one of
the knife-type change-over switches. The blades of this switch
are engaging with the upper set of contacts and a weight is
normally held away from the operating arm; when the sole-
noid is operated, this weight is released and, in falling, with-
draws the blades from the upper contacts and changes them
over to the lower ones. When this occurs, the solenoid is dis-
connected and the battery-driven ringing machine is started
up. When this machine is running, relay SV operates from
the continuous ringing current supplied by the machine and
SV1 closes the circuit of relay SW which, at SW1, locks through
SU2: SW2 closes the circuit of the solenoid of the second knife
switch, which is thereby tripped and changed over. The left-
hand blade short-circuits the resistance included in the arma-
ture circuit, this resistance being four times the armature
resistance ; the increase in the current flowing through the
armature causes the battery-driven machine to speed up:
SW3 closes the circuit of the deferred alarm.

Meanwhile, the resumption of the ringing supply re-operates
relays RFK, RFL, RFM, and RFN with the result 111“‘2
relays XY and XX re-operate. Relay ST releases and ST2
disconnects the prompt alarm. The ringing failure alarm lamP
is disconnected by XX8. Thus, the white lamp on the powe

¥ 71"
.
¥
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poard glows to indicate that ringing has been changed over

- satisfactorily, and a deferred alarm is given to call the atten-

tion of the maintenance staff to the occurrence.

Should the battery-driven machine fail to start, relay SV
will not operate and, consequently, relay SW remains un-
operated. The prompt alarm is given by ST and the ringing
failure alarm lamp remains glowing. Similarly, should the
pattery-driven machine fail after having changed over satis-
factorily, the release of one of the ringing fail relays results in
these conditions also.

Two tumbler switches are provided so that the battery-

" driven machine may be run for maintenance purposes. The

gwitches are interlocked in such a manner that No. 1 can be
;n vsfthen No. 2 is off, but No. 2 cannot be on should No. 1

e off.

Impulse Machines. Certain automatic apparatus, such as
directors and senders, requires to be provided with trains of
standard impulses in order that they may connect these to
line, as required, for the purpose of controlling automatic
selectors. These impulses are generated by impulse machines,
of which there are two types in use: first, a motor-driven
rotary type; and, second, a reciprocating type operating with
a trembler bell action.

The rotary type consists of a long spindle mounted hori-
zontally and having ten pairs of fibre cams clamped to it.
Th.ese cams control ten pairs of impulsing springs, one in each
pair supplying the standard or “loop” impulses. The cams
associated with the loop springs project for two-thirds of the

- circumference of the spindle, and they open the springs for

two-t.hi‘rds of a revolution and allow them to close for the
remaining portion. The other springs of each pair are associated
with the circuit responsible for counting the number of loop

mpulses transmitted to line and the impulses generated at

these springs are known as ‘‘magnet” impulses, since they con-
trol a driving magnet associated with the counting mechanism.
he cams associated with the magnet springs project for only
glle_—thlr.d of the circumference, and the springs consequently
eliver impulses having 66 per cent make and 33 per cent break.
l{e relation between the loop and magnet springs forming a
Palr iy shown in Fig. 141. One impulse machine normally

S . .
- “rves eight directors or senders.

m'l;he spindle ‘and cams are rotated by a { h.p. battery-driven
Otor, which is started by a motor start relay whenever any



