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In Great Britain March 8, 1943 

(C. 179-22) 0 ' Claims. 

The present invention concerns improvements 
in or relating to telephone or like systems and is 
more particularly concerned with crossbar 
switches as described for instance in our applica 
tion Serial No. 513,370, filled Dec. 8, 1943. 

In the prior specification control equipments 
are proWided involving relays and simple uni 
directional switch mechanisms or uniselectors in 
aSSOciation with each of the various Switching 
Stages. N 

It is an object of the present invention to pro 
vide arrangements for selecting an idle line in 
the group, for instance, preselecting arrangements 
which employ control equipment including only 
relays but it must be understood that the inven 
tion is not particularly limited to arrangements 
disclosed in the above System. 
According to the invention, in a telephone sys 

tem employing crossbar type switches, the con 
nection of any one of a number of lines to an 
idle line of a second group of lines is effected by 
exciting a plurality of relay chains, the relays of 
one of which chains correspond to the individual 
lines, and the relays of another of which chains 
correspond to the individual groups of lines into 
which the said first lines are divided, which relay 
chains cause crossbar switching mechanism, for 
instance primary and secondary, crossbar select 
ing units, to be operated substantially, instan 
taneously to connect a line of said first group to 
an idle line of said second group. The invention 
is particularly applicable for the connection of 
Subscribers’ lines to an idle line leading to the 
first numerical switching stage. 
The invention will be better understood from 

the following description of one method of carry 
ing it into effect, reference being had to the ac 
companying drawings comprising Figs. 1 to 6. 
Of these figures Fig. 1 shows the essential 

trunking arrangements of an all-relay primary/ 
Secondary preselection stage of a four-digit au 
tomatic telephone system of the above-men 
tioned type, the stage concerned being assumed 
to serve the sixteen hundred subscribers num- : 
bered 311-4600. 

Fig. 2 shows two out of the possible four col 
umns of primary crossbar switching units which 
together form the primary part of the primary/ 
Secondary preselection stage of Fig. 1, while it also 
indicates the relays of the associated control 
equipment which are representative of the col 
umns of the sub-columns and of the primary 
switching units. These control equipment relayS 
are arranged in a number of chain circuits, se 
lected ones of which are included in the circuits 
of the primary/secondary preselection Stage 
shown in Figs. 3-6 when arranged in the manner 
indicated in Fig. 5a. 

Referring now to the trunking diagram, the 
primary/secondary preselection stage, which com- 60 
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45 ber of lines in 

prises a number of relatively small capacity pri 
mary and secondary crossbar switching units such 
as PSU/A and SSU, enables, a subscriber, on 
removal of his receiver, to be automatically con 
nected to a first numerical group selecting - croSS 
bar switching unit. As will be appreciated later, 
a preselection stage may serve between two hun 
dred and sixteen hundred subscribers” lines ac 
cording to the traffic involved, and - it connects 
with a group of six first numerical group select 
ing units, each of which is capable of handling up 
to ten connections and so has ten links incoming 
thereto. -- 
Each of the primary switching units is ordinar 

ily arranged to accommodate twenty i subscribers 
and to have access to six outlets, each of which is 
linked With a secondary Switching unit. Up to 
twenty primary units may be arranged in a col 
umn and from one to four columns, according to 
the traffic i density involved, has or have access to 
a group of Six Secondary units SSU-SSU6, each 
of which terminates twenty links from the pri 
mary units and has access to ten links to first 
gr?Up Selecting. Units. The first and twentieth 
primary units PSU/A and PSU20/A. of the first 
column and units PSU/D and PSU20/ID of the 
fourth column are shown in the drawings. 
A group of six first group selecting units thus 

serves up to four columns of primary units. If 
the traffici density is light, then the maximum of 
four columns will be provided and twenty sub 
scribers will be accommodated per primary unit 
so that under these conditions the six first select 
ing units - will be, serving sixteen hundred sub 
scribers” lines. Under very heavy traffic condi 
tions each primary unit might be adapted only to 
accommodate ten subscribers, and only one col 
umn might be provided so that the six selecting 
units would now be serving two hundred sub 
scribers only. By altering the number of columns, 
the number of primary switching units in a 

! column i and the number of subscribers” lines per 
primary Switching - unit, the preselection stage 
may be adapted to accommodate a suitable num 

accordance with the traffic in 
VOIVed. L · v 

In the drawings where the maximum of sixteen 
hundred subscribers is assumed to be served by 
the preselection stage, the subscribersº numbers 

50 involved are assumed to range from 3111-4600 inclusive. 
As regards the construction of the crossbar ... -- 

primary units, these each comprise three two-way 
horizontal selecting or prepare bars together with 

55 three pairs of associated bar controlling relays 
PP, 2PP. . . . 6IPP, which connect with the six 

outlets, concerned. In addition there are twenty 
vertical holding bars and associated controlling 
relays (IPH-20PH which connect with the twenty 
Subscribers” lines concerned, and by means of 

  



2 
which a connection can be completed between 
a calling line and any one of the six outlets 
available to a primary unit. Similar remarks ap 
ply as regards the secondary units with the ex- x 
ception that in this instance there are five two 
way horizontal bars and ten horizontal bar con 
trolling relays i SP, 2SP; . . . . . i 9SP. - \ 

Referring now to Fig. 2 which depicts the first 
and fourth of the four possible columns of pri 
mary units, a control relay A is associated with 
the first column, relay B (not shown) with the 
Second column, relay C (not shown) . With the 
third and relay D with the fourth. For circuit 
convenience each of the columns is divided up 
into four sub-columns, the four sub-columns of 
column i employing control relays AA-AD re 
Spectively, the four sub-columns of column 2 
employing the relays BA-IBD (not shown) and 
so on. For each primary. unit there is provided 
a control relay; for the first column, relay PA 
serves unit. PSU/A, relay : 2PA serves unit 
HPSU2/A and so on up to relay 20PA. In the 
fourth column the relays will be designated PD 
to 20PD for the primary units PSU/D- 
PSU20/D. . . . . . . . . . . . v 
The primary unit, relays of each sub-column, 

the Sub-column relays of each column, and the 
column relays are arranged in a number of chain 
circuits, the i general-operation Cf which is as 
follows, when one for more subscribers in the pri 
mary/sec0ndary i preselection Stage originates a 
call. . . . *** - - - - - - - - . :: ---- - - - - - - - - - - 

If a call is Originated on, say, unit PSU/A, the 
chain circuit. involving the five relays IPA-5PA 
in the sub-column: concerned comes into opera 
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tion and relay. IPA associated with unit PSU/A 
operates to pick out the calling unit PSU 1/A. 

; : Similar operations can be taking place simul 
taneously for each of the sixteen Sub-columns 
in the primary/secondary group if calls are being 
originated, in these Sub-columns. N - 
The chain circuit involving the column relays 

A-D now comes into operation to pick the º call 
ing column out of the group of four such col 
umns. Where more than one column is calling, 
then one column only will be picked out. . . . . . 

... The chain circuit involving the sub-column 
relays of the selected column now comes into 
operation to determine the calling sub-column. 
If more than one sub-column is calling then 
one only of the sub-ecolumns will be picked out. 

- It may be: mentioned that the reason why a par 
.ticular calling primary unit is not picked out by 
connecting, all the relevant PA relays in a chain 
circuit or why a particular one out of the sixteen 
possible calling sub-columns is not picked out by 
connecting the sixteen relevant relays AA-IDD 
in a single chain. circuit, is that it is desirable 
not to have too many relays in a single simulta 
neous outlet testing chain circuit of the type to 
be employed since the first one of a chain in op 
erating may have to break operating circuits for 
all the other relays of the chain. With too many 
relays in the chain arcing will occur at the relay 
contacts with serious resultS. : 

. . The. three above stages of chain selection are 
?ffected almost instantaneously and as a result 
there will be operated one column relay, one of 
the sub-column relays in that column and one 
of the primary unit relays in that sub-cClumn; 
in addition there may be a primary unit relay 
operated in other sub-columns. 
With sub-column relay AA operated in depend 
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relays. Th. 
5 proper, which are closed at the intersection of 
any given, pair cf vertical and horizontal bars, 

2,398,826 
will be picked out as the unit which is to be con 
nected through to a secondary unit. 

If calls have also been originated on other pri 
mary units, then in cases where these units are 
in sub-cClumns other than the sub-column se 
lected, the operation of one of the set of relevant 
primary unit relays will be without avail, while 
in the case where these units are in the sub-col 
umn selected the relevant primary unit relays 
will not be allowed to operate in view of the op 
eration of relay PA which in so doing discon 
nects their operating circuitS. 
When primary unit PSU/A is picked out im 

the above described manner, then the Six prepare 
relays PP-6PP on this unit which are also con 
nected up in a chain circuit are caused to test 
for an idle one of the six available outlets to a 
secondary unit. When a secondary unit is taken 
into use its ten prepare magnets i SP-10-SP 
which are connected in a chain circuit are caused 
to test for an idle one of the ten possible outlets 
tC first numerical selectors, and when a free 
outlet is found the calling party is Switched 
through to the selector. At the same time the 
control equipment is released, whereupon, if a 
further call is waiting to be put through, the 
cycle of operations is repeated. 
The operation of the various chain circuits will 

be appreciated from the ensuing circuit descrip 
tion of a call Criginated by a subscriber No. 3111 
on primary i unit PSU/A, the line i circuit con 
cerned peing Shown in Figure 3. For convenience 
it will be assumed that when this Subscriber re 
moves his receiver he will be automatically con 
nected through to the first of the Sixty a Wailable 
selectors over the first vertical internal link of 
primary i unit PSU/A over the first of the six 
available external links to : Secondary units and 
then via, the first vertical internal link Cf sec 
ondary unit SSU. 

In the circuits the number of contact units 
carried by each" relay is shown beneath its desig 
nation, as for instance 

A 
4 

(Fig. 3) for relay A, the contact units being des 
ignated individually in small letters which in this 
instance will be a 1, a2, a3 and a4. N 
As regards the crossbar vertical and horizontal 

relays, these are indicated by a hatched rectan 
gle, the contact units individual thereto being 
indicated in the same manner as for ordinary 

The set of crossbar switch contacts 

say the contacts controlled by magnets PH and 
PP on primary switching unit PSU/A, are des 

ignated 

1 PH1, 1 PH 
1 PP 1 PP 

according to the set of contacts involved. 
-- When subscriber No. 3111 on primary unit 

5 PSU/A originates a call, the loop placed by his 
telephone across the left-hand set of negative and 
positive conductors (Fig. 3) i operates line relay 

70 

ence upon column relayº A and with primary unit.-- 
- relay IPA operated, then primary unit PSU/A 

FR which in so doing at contacts ir disconnects 
the standing idle - marking battery via resistance 
YA and extends a guard earth on to the incom 
ing test lead T from the final selector multiple 
FSM or its equivalent. At contacts fr2 it starts 
up the so-called “primary control” chain circuit 
involving º relays. "PA- 55PA, associated respec 
tively with the sub-column of primary units 
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P.SU/A-PSU/D, so as to determine whether 
the primary unit. PSU I/A concerned or whether 
another calling primary unit in the same sub-col 
umn shall be picked out as the one through which 
a call is to be extended to a selector at this time, 
it being appreciated that only one call can be 
dealt with at a time by the control equipment. 
In addition to this chain circuit there are fifteen 
similar circuits for the fifteen other sub-columns 
in the four columns of primary units and in each 
of these one of the primary unit relays may be 
operated if calls are originated at this time, 

It should be explained that corresponding con 
tacts ir2-20Br2, of the relays R-20R, allocated 
to primary units PSU/A-PSU5/A are given the 
same references in Fig. 3 for the purpose of con 
venience. It is will readily be , seen from their 
location in the chain circuit to which relays they 
belong. * * . 

Referring again to the primary control : chain 
involving relays IPA-5GPA, and assuming that 
none of the units PSU2/A-PSU5 are originating 
a call at this time, then relay IPA will operate 
over the following circuit: earth, chain connect 
ed i contacts i pa3-5pa3, contacts ipa2, ir 2 and 
pgibi, winding of relay fPA to battery. In con 
nection with the contacts r2 it will be under 
stood that in parallel with these contacts are the 
contacts 2r2-l-20r2 of the nineteen other line re 
lays 2R–20R of the nineteen other subscribers on 
unit PSU/A. Relay (IPA in operating locks over 
its make-first light contacts pa?, at contacts 
?pa2 opens its initial operating circuit and at 
contacts i pa3 opens the operating path for any 
of the other relays 2PA—5??. Had another IPA 
relay, say relay 2PA of unit PSU2/A, attempted 
to switch at the same time as relay IPA, it will be 
seen that the latter in operating would have dis 
connected relay - 2PA since the operating. circuit 
for this other relay is completed over contacts 
lpa3. Unit PSU2/A i would then have i had to 
wait until the call on unit PSU/Ahad been put 
through. Relay IPA thus has precedence over 
relay 2PA; relay 2PA over relay 3PA and so on. 
Returning, now to the operation of relay. IPA, 

this relay in operating at its contacts, pa 4 (Fig. 
3) i starts up the - column chain circuit involving 
relays A-D and it will be noted that the con 
tacts pa 4-20pa4 of the relays IPA-26BPA are 
associated with the column i relay A. If at this 
time relay IPA is the only one calling, then relay 
A will operate and will lock over its contacts a, 
disconnect its operating circuit at contacts a 2 
and at contacts a3 will prevent any of the other 
relays B-ID from coming sin. In the event of 
there being simultaneous calls from two or more 
columns, it will be seen that relay. A will have 
preference over relay B, relay B over relay C, and 
S0 O. 
With relay A operated it is nOW, possible due to 

the closure of contact - a4 .to determine which of 
the four. sub-columns in column f - shall be put 
through and this is effected by the sub-column 
discriminating chain shown in Fig. 5 and involv 
ing relays AA-AD. Associated with sub-column 
relay AA are the contacts pa 5-5pa5 of the re 
lays IPA-5PA and assuming that a call has orig 
inated only from the first sub-column, relay AA 
will operate and at its contactsiaal will lock and 
at its contacts aa2 and aa3 will open its own oper 
ating circuit and will prevent any of the other re 
lays AB-AD from coming in. - 
With relays AA and ÍPA operated the calling 

primary switching unit PSU/A is now caused to 
test over the six available outgoing links to the 
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secondary switching units and this is done by 
means of the prepare relays - IPP-6PP of this 
unit which are connected up in a chain circuit 
as shown in Fig. 5. For each sub-column there 
are five such chain circuits, the particular one in 
question being picked out by virtue of the par 
ticular primary unit relay which is operated. 
Hence with relays AA and IPA operated earth will 
be extended over: contacts aak on to lead 0, 
which is common to the prepare relay chain cir 

º cuits of the five primary units PSU/A-PSU5/A, 
and then via contacts ?pa6 to start up the chain 
circuit of unit PSU/A. The test lead for the 
first of the six available outlets from this unit is 
designated i i, and if this is free, battery via 
resistance YB (Fig. 6) will be encountered there 
on and relay, PP will operate. I This relay in op 
erating. locks at its contacts lippi, and at its con 
tacts i pºp2 and lipp3 opens its own energizing cir 
cuit and also any operating circuit for any of the 
other five relays. 2PP-6PP. Relay IPP in oper 

30 . 

ating also actuates its horizontal bar. If two or 
more outlets are free, say the first i and second, 
relasy IPP will have preference over, relay. 2PP 
and so on. - From Fig. 1 it will be seen that the first out 
going link from unit PSU/A gives access to sec 
ondary unit SSU and hence relay IPP in oper 
ating, at its contacts pºp4 , (Fig. 5) i will extend 
earth over common lead 3 to energise the start 
relay SS of secondary unit SSU. 
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As explained in connection with Fig. 1, unit 
SSU serves twenty incoming links from the pri 
mary units, and each link may be shared by up 
to four primary units so that the common start 
lead 13 will therefore be common to the contacts 
pp4 of the relays IPP on all the primary switch 

ing units (up to eighty) in the primary/second 
ary group. As regards test lead f , this will be 
common , to the relays i PP in the four primary 
units sharing access to the first vertical internal 
link on secondary unit SSU, while as regards 
lead 2, this is common to the contacts 
Ish2-20sh2 of the vertical holding relays 
SH-20SH on unit SSU, common leads equiv 

alent to I l terminating on the other side of each 
of.the contacts 2sh2-20sh;2 in the same manner 
as for contacts ish2. The link busying function of 
the contacts sh2-20sh2 will be deallt with later. 

Returning now to the operation of the start 
relay SS for secondary unit SSU, in order to 
gain access to a free first numerical selecting unit 
it is now only necessary to pick out one of the 
ten outgoing leads from unit SSU. Relay SS in 
operating, at its contacts SS-SS 0 (Figs. 6 and 
4) closes chain circuits for the ten relays 
SP-l GSP on unit SSU, and these relays each 

test for a free outlet. To avoid having all the 
ten SPD relays in one chain they are divided up 
into two interlinked chain circuits, the arrange 
ments of each i chain circuit being the same as 
those already described in that the first relay of 
the chain gets i preference over the second, the 
second over the third, and so on. The interlink 
ing arrangements between the two chain circuits 
are such that if any of the relays in the chain 
involving relays ISP-5SP operate, then the sec 
Ond chain circuit Will be disconnected at one or 
other of the contacts i Spå-5sp4 and vice 
Versa. Considering the Operation of the first 
chain, on operation of relay SS, earth is º con 
nected up : Over i the chain-connected . : contacts 
6sp4-0sp4 and sp3-5sp3, contacts sp2, relay 
i SP, contacts ssl and lead i 4 which connects up 
with the test lead T. of the first of the ten links 
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extending from the -unit SSU. The other-relays 
2SP-5SP are connected up to similar test leads 
of other links, 15 designating the test lead-for the 
fifth available link, while in Fig. 4 leads ºf 6 and 
t 7 respectively designate the sixth and tenth 
available test leads. 

If the first of the available ten links is free, 
then relay SP will operate in Series with the idle 
marking resistance battery which will be normal 
ly: connected at the - terminatingº group i selecting 
unit to lead T, and at contacts i spil, will lock, 
while at its contacts sp2-sp4 it will open any 
operating circuit for all other relays both in its 
own chain circuit and in the other º chain i circuit 
of Fig. 4; in operating it also actuates its hori 
Zontal bar. At contacts sp.5 (Fig. 4) an earth 
is extended on to lead 3 Which is common to the 
contacts i sp5-i esp5 of all ten SP relays on the 
unit SSUf, and relay SZ operates. 

Relay SZ in operating at contacts saei (Fig.4) 
extends earth on to common lead 22 which is 
equivalent to the start lead 3 * (Fig. 6) in that it 
is common to the contacts ºf pºp5 of the relays PP 
on all (eighty) of the primary units in the pri 
mary/secondary group, the contacts ?pp5 on pri 
mary units PSU/A-PSU/D connecting on their 
other side with relay i SH, the corresponding con 
tacts on units PSU2/A—PSU2/D connecting with 
relay 2SH. and so on üp. to contacts pop5 on units 
IPSU20/A-PSU 20/D which connect with relay 
20SH. Only one PP relay* can be operated, how 
ever, at this time, in this instance i relay PP on 
primary unit PSU/A, and hence only the first 
vertical hold relay SH on unit SSUí will be oper 
ated. Relay SH in operating, at its contacts 
sh prepares a locking circuit on to the hold 
lead H and actuates its associated first vertical 
bar on unit SSUf, so that the set of contacts at 
the intersection of the vertical and horizontal 
bars in question Will be operated; these are ShoWn 
8S 

- - - 3 1 SP 

in Fig. 4. Relay SZ in operating also at contacts 
se2 (Fig. 4) extends earth via the low. resistance 
lower winding of relay - Z on to lead, 49 Which is 
common to- the contacts ad5-dd5 of the Sixteen 
subcolumn relays AA-IDD. In this instance relay 
AA is operated so that the circuit will be extend 
ed through to common lead 20. Which is common 
to :: the contacts i pa 7-5pa 7 of the five - relays 
i PA-I-s-5PA of the primary units in the: Sub-Colulimin 
served by relay AA. In this instance relay: PA 
is operated so that the circuit is extended through 
to common lead 2t which is common to the con 
tacts i r3-2r3 of the line relays ??R-20R of the 
twenty subscribers numbered 3 ?. --S 20. served 
by primary unit PSU/A. In this instance con 
tacts ir 3 are operated, signifying a call from sub 
scriber. No. 311i, º so that the circuit is extended 
through to the vertical. hold relay PH associ 
ated with this subscriber. If relay 20R had been 
operated instead of relay fR signifying a call from 
subscriber No. 3120, then the circuit would have 
been established to relay 29PH. In case two " or 
more line relays are operated, line relay: R. Will 
receive preference over line relay - 2R, relay: 2R 
over relay 3R and so on up to 20R. 

In the present instance relay PH in operating 
actuates its associated vertical bar, whereupon 
since relay, PP has already operated, the cross 
bar contacts 

PH 
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are closed and i extend the calling subscriber’s 
loop through to the first of the six selecting units 
available: from unit SSU. Relay PH in oper 
ating, at its contacts i lph - completes a temporary 
locking circuit for itself over contacts 

1 PH 
PP 

and contacts -- lsh : and Épp5 to earth via, con 
tacts sae?. This earth is also extended back to 
operate the calling subscriber’s cut-off relay IIIK 
whereupon line relay R releases and releases 
relay. IPA in the primary control chain, unless 
one: or more of the line relays 2R-2OR on pri 
mary unit PSU/Aare operated at this time. In the 
control equipment relay Z (Fig. 4) will have op 
erated in series with relay PH and in so doing 
will have locked over its upper Winding so that 
at contacts i 82 (Fig. 3) the column chain circuit 
involving relay A-D is opened to release the 
previously operated relay A and at the same time 
to i prevent the chain circuit again coming into 
operation or being maintainedi in Operation in 
response to other calls originated at this time. 
Relay A in releasing releases the operated Sub 
'column discriminating chain for column , involv 
ing relays AA-I-AD, and relay AA in releasing, 
atº contacts aa 4 (Fig. 5) releases the secondary 
unit test chain involving the relays PP-6PP of 
primary unit PSU/A. Relay PP in releasing, 
at contacts i pp 4 (Fig. 5) i opens the start cir 
cuit to relayº SS of unit SSU í and also at con 
tacts I pop5 i (Fig. 4) opens the local holding cir 
cuits for relays i SH, PH and K. By this time, 
however, a guarding and holding earth will have 
been returned over the H lead from the select 
ing unit taken into use so that these relays will 
remain held throughout the connection. Relay 
SS in releasing i opens the secondary unit outlet 
test chains involving relays SP -5SP and 
6SP-0SP, whereupon the previously operated 
relay : ISP i releases and in so doing at contacts 
sp5 (Fig. 4) releases relay SZ. Relay SZ in re 

lea,Sing, at contacts - S83 (Fig. 4) - releases relay Z, 
whereupon the earth feed to the column chain 
(Fig. 3) ' " is restored at contacts sæ2, and the 
equipment is now ready- to handle the connection 
of another calling party to a free one of the sixty 
selectors available to the primary/secondary Stage. 

* On release of the prepare relays PP and i SP, 
the º associated horizontal bars which were oper 
ated i will have released, but the pins or their 
equivalents which were engaged by the actuated 
vertical bars remain held without appreciably re 
straining the restoration of the horizontal bars. 

Relay SH in remaining operated, at its con 
tacts Sh2 (Fig. 6) marks the first vertical in 
ternal link on unit SSU as busy so that subse 
quent calls through this unit must be routed 
through one or other of the links 2-20 via their 
corresponding vertical hocld relays : 2SH-200SH. 
"At the same contacts unit SSU is busied as far 
as º a subsequent call from i any of the units 
PSÜ/A-PSU/D are concerned, since these 
units have access. only to the first vertical link 
On ünit SSU Via, the first of the Six available 
linkSito Secondary UnitS. V 
From the foregoing description it will be seen 

that of the up to sixteen hundred subscribers ac 
commodated in the primary/secondary stage only 
one, call at a time can be handled by the all-relay 
chain switching i control equipment, other calls 
originated at this time having to wait till they 

75 can be picked out one by one by the control 
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equipment. The connecting process for each call 
is, however, almost instantaneous so that the 
waiting time for any calling subscriber before a 
dialling tone is received from a first numerical 
selector or its equivalent will never become eXceS 
SIWe. 

Referring again to the trunking diagram of 
Fig. 1, and again considering a call originated 
by subscriber No. 3111 on unit PSU/A, connec- i 
tion with a group selecting unit cannot be effected, 
firstly if all the six available links to secondary 
units are directly busied due to the operation of 
the relays SH in each of the six secondary units 

0 

SSU-SSU6, while furthermore, any one of the 
links can be indirectly busied owing to the fact 
that on the associated secondary unit all ten out 
lets therefrom to first numerical Selecting UnitS 
are already in use. 

In the first instance, with the relays SH in all 
the units SSU-SSU6 in an operated condition, 
the series-connected contacts . Ish3 (Fig. 6) on 
each of these relays will bring up the busy relay 
i PGB associated with the six links available to 
the four unitS PSU/A-PSU/D. - Relay, PGB in 
operating, at its contacts i pgibi (Fig. 3) discon 
nects any circuit to relay IPA thus preventing 
further calls from subscribers 3 | -320 on pri 
mary unit PSU/A from being deallt with, while 
in addition other contacts pgb2-pgb4 (not 
shown) will disconnect relays IPB-IPD from 
their relevant primary control chain circuitS SO 
as to prevent the Subscribers On the unitS 
PSU AVB-PSU/D from Setting up connections. 

5 

5 
switches, each of said relay chains containing a 
plurality of relays corresponding respectively to 
the different crossbar switches in the associated 
group of switches, a further relay chain contain 
ing a plurality of relays corresponding respective 
ly" to the different groups of switches, means oper 
ated responsive to a calling condition on any one 
of said Subscriber’s lines for operating a relay in 
said last chain and a relay in one of said other 
chains, and means controlled conjointly by said 
two operated relays for operating a particular One 
of said crossbar switches to connect the calling 
subscriber’s line to one of the trunks terminating 
in that Switch. 

2. In a switching System, a plurality of groups 
of crossbar. Switches, each of Said switches haW 
ing a plurality of incoming lines and a plurality 
of outgoing lines, a relayº chain for each group 
of switches, each of said relay chains containing 
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Any one of these eighty, subscribers must there 
fore wait until one of the six links, available in 
common to their primary units, becomes free. 

Similar remarks apply to the sets of six links 
available to other primary units, relay 20PGB 
(Fig. 6) serving the units PSU 20/A-PSU20/D. 

In the second instance, if all tem outlets from 
secondary unit SSU i are engaged, all links thereto 
from the primary switching units are busied in 
the following i manner. For each secondary 
Switching unit a group busy relay is provided, re- , 
lay BG (Fig. 6) serving unit SSU. This relay 
is connected Via, rectifierS Such aS MIRA or MIRB 
to the outgoing test lead of all ten outlets of the 
Secondary unit. If any of the ten outlets are free, 
then relay fGB will remain operated to the rele 
vant idle marking resistance battery and will 
maintain its contacts gibi (Fig. 6) in the oper 
ated position as shown. If all ten outlets become 
busy, then relay GB will release. It may be men 
tioned here that rectifierS SUIch aS MIRA and MRB ' 
are provided to prevent mutual interference be 
tween the outgoing test leads to which relay GB 
is connected. 

Relay GB in releasing at its contacts gibt 
brings up relay SGB which is individual to the 
unit SSU and this relay in operating, at its con 
tacts : sgb2 disconnects the ide marking re 
sistance battery from common lead 2 so as to 
mark all twenty of the incoming link test leads 
as busy. At contacts fsgbl-sgb20 it simulates 
the operation of all the - relays SH-20SH on 
unit SSU to prepare for the operation of one or 
other of the busy relays i PGB to 29 PGB when 
the requisite conditions obtain. 
What we claim as new and desire to secure by 

Letters Patent is: 
i. In a telephone system, a plurality of groups of 

CrOSSbar Switches each having a, plurality of sub 
SCribers” lines and a plurality of trunks terminat 
ing therein, a relay chain for each group of 
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a plurality of relays corresponding respectively 
to the different switches in the associated group 
of switches, a further relay chain containing a 
plurality of relays corresponding respectively to 
the different groups of said switches, means con 
trolled over any one of said incoming lines to op 
erate a relay in said last chain and a relay in 
one of said other chains, and means controlled 
conjointly by said two operated relays to operate 
a particular one of said crossbar" switches to con 
nect said one incoming line to anidle one of the 
lines outgoing from that Switch. 

3. In a system as claimed in claim 1, means in 
each relay chain preventing the concurrent opera 
tion of any two relays in that chain, thereby to 
prevent connections from being completed Simul 
taneously by any two of Said CrOSS-bar SWitches. 

4. In a switching system, a plurality of crOSS 
bar switches arbitrarily divided into groups and 
subgroups, each of said switches having a plu 
rality of. incoming lines and a plurality of out 
going lines; a subgroup relay chain for each sub 
group of switches, each of said subgroup chains 
containing a plurality of relays c?rreSpOnding re 
spectively to the different switches in the aSSO 
ciated subgroup; a group relay chain for each 
group of switches, each of said group chains con 
taining a s plurality of relays corresponding re 
spectively to the different subgroups in the as 
sociated group; a system relay chain containing 
a plurality of Irelays corresponding respectively 
to the , different groups of switches; and means 
controlled over any one of said incoming lines 
for operating a relay in said system relay chain, 
a relay in one of said group relay chains and a 
relay in one of said subgroup relay chains, there 
by to operate a particular one of said crossbar 
Switches to connect said one incOming line to an 
idle one of the lines outgoing from that switch. 

5. In a Switching System, a plurality of groupS 
of crossbar Switches, each of Said Switches haW 
ing a plurality of incoming lines and a plurality 
of outgoing lines, a plurality of primary relayS 
corresponding respectively to the different Ones 
of said switches, a plurality of secondary relays 
corresponding respectively to the different OneS 
of said groups, means normally controlled by a 
calling , condition on any one of said incoming 
lines for operating the primary relay correspond 
ing to the particular crossbar switch in which 
that line appears and I also operating the sec 
ondary relay corresponding to the group in which 
said particular switch appears, means controlled 
by said two operatedrelayS for Operating Said par 
ticular crossbar Switch to connect Said calling line 
to one of the lines outgoing from said particular 
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switch, and means preventing the concurrent op 
eration of primary relays which correspond to 
different switches in the same group and prevent 
ing the concurrent operation of different sec 
ondary relays. 

6. In a Switching System, a plurality of crossbar 
switches arbitrarily divided into groups and sub 
groups, each of Said Switches having a plurality 
of incoming lines and a plurality of outgoing 
lines; a plurality of primary relays corresponding 
respectively to the different ones of Said Switches; 
a plurality of secondary relays corresponding re 
spectively to the different ones of said subgroups; 
a plurality of tertiary relays corresponding re 
Spectively to the different ones of said groups; 
means normally controlled by a calling condition 
on any one of said incoming lines for operating 
the primary relay corresponding to the particular 
crOSSbar SWitch in Which that line appears, the 
secondary relay corresponding to the particular 
SUbgroup in Which Said particular SWitch, appears, 
and the tertiary relay corresponding to the group 
in which Said particular subgroup appears; 
means including Said three operated relays for 
Operating Said particular Crossbar. Switch to con 
necti Said calling line to One Of the lines Outgoing 
from said particular Switch; means preventing 
the concurrent operation of any two primary re 
lays which correspond to crossbar, Switches in the 
Same subgroup; means preventing the concur 
rent Operation of any two secondary relays cor 
responding to subgroups in the same group; and 
means i preventing the concurrent operation of 
any two of Said tertiary relayS. 

7. In a Switching system, a crossbar switch 
having a plurality of incoming lines and a plu 
rality of groups of outgoing lines, means for oper 
ating Said Switch to connect any one of said in 
coming lines to any one of said outgoing lines, 
Said means including at plurality of magnets cor 
responding respectively to said outgoing lines, a 
plurality of chain circuits eorresponding respec 
tively to the different. ones of said groups, each 
chain circuit including the magnets which corre 
spond to the outgoing lines of one group, means 
in each chain circuit preventing the concurrent 
Operation of any two of the magnets in that cir 
cuit, and means interlinking the different ones of 
Said chain circuits to prevent concurrent opera 
tion of magnets in different chain circuits. 

8. In at Switching System, a plurality of primary 
CrOSSbar sWitches arbitrarily divided into groups, 
a plurality of individual relays corresponding re 
Spectively to the different ones; of said switches, 
a. plurality of group relays corresponding respec 
tively to the different ones of said groups, a plu 
rality of secondary crossbar switches, a plurality 
of lines terminating in each of said primary and 
Secondary Switches, links extending from each 
primary Switch to every secondary switch, means 
controlled by a calling condition on amy line ter 
minating in one of said primary switches for 
Operating the individual relay corresponding to 
the particular primary switch in which the call 
ing line terminates; and also operating. the group 
relay. corresponding to the group, in which that 
primary: switch appears, means controlled by: said 
two operated relays. for selecting anidle.link from 
Said particular primary switch to any one of said 
Secondary Switches, and means for thereupon 
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operating said particular primary switch and 
said one secondary switch to complete a connec 
tion over said selected link from Said calling line 
to one of said lines terminating in Said One Sec 
Ondary Switch. 

9. In a switching System, a plurality of groups 
of primary crossbar switches, a plurality of indi 
vidual relays corresponding respectively to the 
different ones of said switches, a plurality of 
group relays corresponding respectively to the 
different ones of said groups, a plurality of lines 
terminating in each of said switches, a plurality 
of Secondary crossbar Switches, linkS eXtending 
from each primary Switch to every secondary 
switch, means controlled by a calling condition 
on any One of Said lines for operating the indi 
vidual relay corresponding to the particular pri 
mary switch in which the calling line terminates 
and also operating the group relay corresponding 
to the group in which that primary switch ap 
pears, means controlled by said two operated 
relays for selecting an idle link from said par 
ticular primary switch to any one of said sec 
ondary SWitches, a plurality of lines outgoing 
from said one secondary switch, means for oper 
ating said particular primary Switch, and Said 
One Secondary Switch to complete a connection 
Over Said selected link from Said calling line to 
one of said outgoing lines, Said last means in 
cluding a plurality of magnets corresponding re 
spectively to said outgoing lines and a chain cir 
cuit for preventing the concurrent operation of 
any two of Said magnets. 

10. In a switching system, a plurality of groups 
of primary crossbar switches, a plurality of indi 
Vidual relays corresponding respectively to the 
different ones of Said Switches, a plurality of 
group relays corresponding respectively to the 
different ones of Said groups, a plurality of lines 
terminating in each of said switches, a plurality 
of Secondary crossbar Switches, links extending 
from each primary switch to every secondary 
switch, means controlled by a calling. condition 
On any one of Said lines for operating the indi 
Widual relay corresponding to the particular pri 
mary Switch in which the calling line terminates 
and also operating the group relay corresponding 
to the group in which that primary switch ap 
pearS, means controlled by Said two Operated re 
layS for Selecting an idle link from Said particu 
lar primary Switch to any one of said Secondary 
Switches, a plurality of groups of lines outgoing 
from said one secondary switch, means for oper 
ating Said particular primary Switch and Said One 
Secondary Switch - to complete a, connection over 
Said Selected link from Said calling line to One 
of Said outgoing lines, Said last means including 
a plurality of magnets corresponding respectively 
to said outgoing lines, a plurality of chain cir 
cuits corresponding respectively to the different 
ones of said groups of lines, each chain circuit 
including the magnets which correspond to the 
outgoing lines of one group, means in each chain 
circuit. for preventing the concurrent operation 
of any two magnets in that circuit, and means 
interlinking the different ones of said chain cir 
cuits to prevent concurrent operation of magnets 
in different chain circuitS. 
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