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11 Claims.

This invention relates to telephone systems and
particularly to systems of the character in which
automatic switching apparatus is employed for
establishing connections.
~ The object of the invention is to enable a more
efficient and econcmical use of the switching and
controlling equipment in the establishment of
connections through group-selecting stages com-
prising switches of the cross-bar type which re-
ceive the successive series of designation impulses
directly from the subscriber’s dial or other send-
ing device.

It- has been suggested heretofore to control
group-selecting switches of the cross-bar type by
sending - the digital impulses directly to the
switches at the successive stages as distinguished
from recording the whole designation in a sender
or marker which in turn controls the successive

switches. Such an arrangement is disclosed in

the patent to Clark, No. 1,567, 242 of December
29, 1925.

The present invention secures advantages over

these prior systems by the use of a more efficient

connecting arrangement in which an incoming
circuit is selectively connected to an outgoing
circuit through primary and secondary switches,
these switches being interconnected by link cir-
cuits and controlled and operated by associated
equipment that receives the digit impulses directly
from the dial.

Another feature of the invention is a system in
which each group-selecting stage comprises a plu-
rality of primary and a plurality of secondary
cross-bar switches interconnected by links, a plu-~
rality of incoming circuits or trunks appearing in
each of the primary switches, -the successive
digital series being sent directly to the controlling
apparatus associated with each successive stage
as the connection progresses from stage to stage,
and in which all of the trunks incoming to a par-
ticular primary switch are served by the same
digit receiving mechanism forming a part of the
controlling apparatus associated with that stage.

Another feature of the invention is a circuit
arrangement such that if a plurality of calls reach
a group-selecting stage simultaneously they are
disposed of one at a time. 'This prevents inter-
ference between two incoming calls seeking trunks
in the same outgoing group, and it also enables
an incoming call at one primary switch to reach
any idle outgoing trunk through any available

link without interference from an incoming call -

ot some other primary switch that may be seek-
ing connection to a trunk in either the same or
anomer outgoing trunk group.

(Cl. 179—18)

Another feature is an arrangement for testing
the outgoing trunks of a group and the intercon-
necting link circuits in which each outgoing trunk
is tested in conjunction with the link circuit that
interconnects the secondary switch in which such
outgoing trunk appears andthe particularprimmary
switch in which appears the calling incoming
trunk, and in which the busy condition of the link
is determined- by the fact that the test circuit

therefor is completed through the closed contacts it

of the link at the primary selector switch. The
test relay that tests a particular outgoing trunk is
also applied to all links extending from the re-
spective primary switches to the secondary switch

in which the outgoing trunk appears, but since

only one call can be in progress at a time a com-
plete circuit for the testing relay can be closed
only through the primary switch in which appears
the call that is in progress.

A further feature is a circuit arrangement: for
operating the magnets of the switches in which
a battery potential is applied to the magnets of
all link circuits incoming to the particular sec-
ondary switch- in which appear the idle outgoing
trunk to be selected for use at the same time that
the opposite potential of the battery is applied to
the magnets of all links outgoing from the calling
primary switch to the several respective secondary
switches. - Since one of these links interconnects
the primary and secondary switches involved,
their magnets are operated in series to complete
the connection through the stage to the group-
selecting stage beyond.

These and other features of the invention will
be. explained more fully in the following detailed
description, which should be taken in connhection
with the accompanying drawings.

The following description. will cover only the
operation of an intermediate group-selecting
stage of a telephone system embodying this in-
vention since other intermediate stages are prac-
tically identical, differing only in the quantities
of apparatus required. The initial or line-finder
stage, as well as the final or connector stage,
may be assumed to be of whatever type is best
suited to perform the particular functions of these
said stages and may consist of any combination
of crossbar switches, Strowger switches, Keith
line switches or any other suitable equipment,
the functions and operation of which are well
known to the art. )

Figure 1 of the accompanying drawings illus-
trates diagrammatically the manner in-which the
groups of primary and secondary switches of any
group-selecting stage are interconnected.
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Fig. 2 shows the invention applied to a plu-
rality of group-selecting stages.

Fig, 3 illustrates, in part, one switch of the
primary switch group in which appear three
trunks T4, T2 and T3 incoming from the pre-
ceding stage. Associated with this primary
switch P! is shown the level selector LS1 which,
under. control of dial impulses, selects a link-
trunk selector corresponding to the dialed digit.

Fig. 4 illustrates, in part, two other primary
switches P2 and P3 together with their associated
level selectors LS2 and LS respectively.  Ap-
pearing in switch P2 are trunks T4, T8 and T6
incoming from the preceding stage. In switch
P3 appear incoming trunks T7, T8 and T9. The
individual trunk relays for frunks T# to T9, in-
clusive, as well as the relays for switches P2 and

P2 and the magnets and springs for controlling -

level selectors L.32 and 1S3 are not shown since
these trunks, switches and level selectors are
identical with, and function in the same manner
as trunks Tl to T3 inclusive, switch Pi, and level
selector LS! respectively.

Fig. 5 illustrates the link-trunk selector LTSI
associated with the trunks outgoing from the up-
per level of the secondary switches to the suc-
ceeding stage. Fig. 5 also shows a link circuit
selector L.CS, common to all link-trunk selectors,
which selects an idle outgoing trunk in the proper
level on a secondary switch to which there is
an idle link from the primary switch.

Fig. 6 illustrates two other link-trunk selectors
LTS2 and LTS3 which are respectively associated
with the frunks outgoing from the middle and
lower levels of the secondary switches.

Fig. 7 illustrates, in part, one switch of the
secondary switch group, in which appear the
trunks TIf, Ti2, and Ti3 outgoing to the suc-
ceeding stage.

Fig. 8 illustrates, in part, two other switches
of the secondary swilch group, in which appear
outgoing trunks T4 to T19, inclusive.

Fig. 9 shows how Figs. 3, 4, 5, 6, 7, and 8 are
to be arranged with respect to each other in dis~
closing the switches and associated equipment
which comprise an intermediate group-selecting
stage. .

Switches Pi, P2, P3, P§, Si, 82, S3, and SbH
shown in Figs. 1, 2, 3, 4, 7, and 8 are of the
crosshar type and consist briefly of a plurality of
sets of contacts arranged in horizontal and ver-
tical rows or units. Associated with each hori~
zontal row of contact sets is a horizontal operat-
ing magnet under control of which the said
horizontal contact sets are prepared for operation.
Associated with each vertical row of contact sets
is a vertical magnet under control of which any
set of contacts in that vertical row, after being
prepared by the operation of its respective hori-
zontal magnet, is operated and held in that po-
sition until the release of the vertical magnet
takes place. For a more detailed explanation of
the construction and operation of these crossbar
switches reference may be made to the applica-
tion ¢f J. N. Reynolds Serial No. 792,453, filed
December 15,, 1933, granted as Patent 2,021,329,
Nov. 19, 1935.

Referring now to Fig. 1, for the purpose of sim-
plicity only such portions of three of the primary
and secondary switches are shown as is required
te illustrate, in general, the manner in which a
connection is extended through a group-selecting
stage. It will be apparent, however, that the

system is applicable to any number of primary -

and secondary switches and that these said

_vertical rows of contacts on the

2,054,010

switches may be comprised of any number of
horizontal and vertical rows or units of contact
sets.

Appearing in the vertical row or units of con-
tact sets of the primary switches Pt, P2 and P3
are trunks such as T{, T2 and T2, incoming from
the preceding stage. The horizontal rows of
contacts of primary switch P{ connect to the first
secondary
switches Si, 82 and S3 over links Lf, L2 and L3,
respectively. Similarly, the horizontal contact
rows of primary switch P2 connect to the sec-
ond rows of vertical contacts on the secondary
switches over links 14, L5 and L§, and the hori-
zontal contacts of primary switch P3 connect to
the third vertical rows of contacts on secondary
switches St, S2 and S3 over links L1, 1.8 and 1.9.
Each incoming trunk, such as trunks T, T2
and T3, therefore has access to each secondary
switch and, through the secondary switches, may
be extended to the succeeding stage over out-
going trunks such as trunks Til, Ti2 and Ti3.
‘While a single link is shown from a primary to a
secondary switch, it will be understood that the
invention is not so limited and that more than
one link could be used if desired.

Associated with each horizontal row of sets of
contacts on the primary switches PI, P2 and P3
is a horizontal operating magnet, such as mag-
nets 104, 102 and 103, under control of which,
in conjunction with the operation of a vertical
operating magnet (not shown), a particular set
of contacts is operated. Asscciated with each
vertical row of contfact sets on the secondary
switches S, 82 and S3 is a vertical operating
magnet, such as magnets 104, {85 and {06, under
control of which, in conjunction with the opera-
tion of a horizontal magnet (not shown), a par-
ticular set of contacts of the secondary switch is
operated.

Each primary switch horlzontal magnet con-
nects to a vertical magnet of a secondary switch
over a conductor such as conductors {87, 188, i09
and 112, Associated with each primary switch is
a relay, such as relay §{8 of switch PI, which con-
nects battery to the windings of all horizontal
magnets of a particular primary switch. Simi-
larly, associated with each secondary switch is a
relay, such as relay 1{1 of switch S{, which con-
nects ground to the windings of all vertical mag-
nets of a particular secondary switch. Selection
of an idle outgoing trunk in the proper level of
a secondary switch to which there is an idle link

. from the primary switch is made under control

of a link-trunk selector and a link selector (not
shown in this figure) , the functions and operation
of which will later be set forth in detail.

A call extended to this stage over incoming
trunk T1 may be extended to the succeeding
stage over trunks TH1, Ti2 or T3 outgoing from
the secondary switches S#, S2 or S3 respectively,
depending upon the selection made by the link-
trunk selector which is associated with primary
switch Pl at that time. Assuming, for example,
that idle trunk Ti1{ is selected, horizontal magnet
101 of the primary switch P{ energizes in series
with vertical magnet {04 of the secondary switch
Si, over conductor {97, upon the operation of
relays 118 and [#}. In energizing, magnet 131,
in conjunction with the operation of a vertical
magnet (not shown), causes the upper set of con-
tacts in the first vertical row. of switch P! to
operate. Similarly, magnet {04, in conjunction
with a horizontal magnet (not shown), causes
the upper set of contacts in the first vertical row
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of switch S1 to operate. The connection:in-
coming over trunk Ti is therefore extended to
the succeeding stage over outgoing trunk T,

over the aforementioned operated sets of con-
. tacts of switches Pl and Si.

Should idle trunk
Ti2 be selected, magnets {82 of switch P! and
105 of switeh S2 are energized over conductor
108, and the connection extends from trunk Tt,
over the middle set of contacts of the first vertical
row of switch Pi, link L2, and the upper set of
contacts of the first vertical row of switch S to
the succeeding stage over ouigoing trunk Ti2.
As g further illustration, assume that a call is
extended to this stage over the incoming trunk T3
and that the link-trunk selector (not shown) as-
sociated with switch P3 at this time selects idie
trunk T13. Horizontal magnet {13 of switch P3
and vertical magnet 114 of switch S3 are ener-
gized in series, over conductor {12, upon the op-
eration of relays 115 and {15, and the call is
extended to the succeeding stage over the lower
set of contacts of the first vertical row of con-
tacts of switch P3, link L8, over the upper set of
contacts of the third vertical row of contacts of
switch S3, and over. the outgoing trunk Ti3. It
will be noted that, although battery is connected
simultaneously . to all horizontal magnets of a
particular primary switch at the same time that
ground is connected to all vertical magnets of a
secondary switch, only one primary switch hori-
zontal magnet and one secondary switch vertical
magnet can operate, in series, since each link from
any primary switch horizontal magnet leads to a
separate secondary switch.

In Fig. 2 a calling line 130 having 2 dial 181! is
shown. terminating in a line switch {32 and a
called line 133 terminating in a connector {34,
For the purpose of illustration only two interme-
diate group stages are shown. The first of these
comprises  primary switches Pl and secondary
switch S, and the second stage includes primary
and secondary switches P35 and S8. There may,
of course, be other stages.

Referring now to Figs. 3 to 8 inclusive, the man-
ner in which a call is extended through the group-
sélecting stage illustrated therein will be consid-
ered in detail. As hereinbefore set forth, & stage
may consist of any desired number of primary and

_secondary switches and each switch, in turn, may

be composed of any convenient number of hori-
zontal and vertical rows or units of contact sets.

* The group-selecting stage herein disclosed is as-

=t
S

4]

75

sumed to consist of ten primary and ten secondary
switches, each switch having ten horizontal and
ten vertical rows or unifs of contacts. For clarity
of illustration and description, only the first, sec-
ond and tenth switch of each of the group of ten
primary and ten second switches are shown. In
addition, only the first, second and tenth rows of
horizontal and vertical sets of contacts for each
of the switches illustrated are shown. Three
link-trunk selectors are illustrated, one being as-
sociated with the trunks outgoing from each level
of the secondary switches shown. ¥t should he
understood however that, since it is assumed that
there are ten horizontal rows or leveéls on each
switch, there are also ten link-trunk selectors, cne
being associated with the trunks outgoing from
each of the ten levels of the secondary switches.
Assume now that a call is extended to this
group-~selecting stage over the incoming trunk T
of Fig. 3. As soon as connection is established
through the preceding stage, relay 301 operates
in a circuit from battery through its upper wind-
ing, over the lower back contact of vertical mag-

3

net 302, ring conductor 303 of trunk Ti, ring
conductor of the preceding stages, over the sub-
seriber’s station loop (not shown), tip conductor
of the preceding stages, tip conductor 384 of trunk
Ti, middle armature and back contact of mag-

net 392, lower winding of relay 30{, normally

closed make-before-break contacts of relay 3095
to ground. In the first group-selecting stage, the
operating ground for relay 3¢l, instead of being
connected directly to the back contact of the
make-before-break contacts of relay 385 as in this
case for an intermediate stage, is supplied through
cne winding of a coil through which a dial tone
is induced to provide the calling subscriber with
an indication that the ecircuit is ready for dial-
ing. Relay 83f, in operating connects ground
over its inner front contact to the lower arma-
ture of the off-normal springs 388 associated with
the level selector LSI, and also operates relay
287 in an obvious circuit.  Relay 307, in operat-
ing, connects ground over its upper inner front
contact to sleeve conductor 388 of trunk T, and
also connects ground over its upper outer front
contact, over the next-to-inner back contacts of
magnets 392, 389 and 312 to the respective sieeve
conductors 308, 31l and 3(2 of the incoming
trunks T{, T2 and T3. This ground on the sleeve
conductors of all of the incoming trunks pro-
vides for making this primary switch busy so
that no other call can be extended to it until the
call which has come in over trunk T is extended
to the succeeding stage. Relay 287, in operating,
also partially closes the operating circuit for ver-
tical magnet 382, partially closes the locking cir-
cuits for relays 305 and 313, and closes, in part,
the operating circuit for rotary magnet 2{4.of
switch LS!.

Assuming that the calling subscriber dials the
digit 2, relay 361 releases and recperates twice in
response o the two corresponding open intervals
in the subscriber’s loop. Relay 381, being of the
slow-to-release type, remains operated during the
intervals in which the circuit through its wind-
ing is opened by the release of relay 38{. Each
release of relay 381 energizes rotary magnet 34
of the level selector IS! in a circuit from ground
over the back contact of relay 384, lower outer
front contact of relay 307, left back contact. of
relay 813, to battery through the winding of mag-
net 314, Each operation of magnet 3{4 causes
brushes 315 and 81§ to advance one step over the
contacts of their associated terminal banks. In
response to the two releases of relay 381, corre-
sponding to the open pulses of the digit 2, brushes
3i5 and 316 therefore contact the second termi-
nal of their respective terminal banks.  On the
first operation of magnet 3i4 the off-normal
springs 306 operate, partially closing the circuit
for the level selector release magnet 317 over their
upper front contact, and partially closing the op-
erating circuit for relay 318 over their lower front
contact. When relay 381 reoperates at the con-
clusion of the dial pulses, ground over ifs inner
front contact completes the operating circuit for
relay 348 which is of the slow-to-operate type to

" prevent, its operation during the dialing interval.

Relay 318, in operating, operates relay 212 in an
obvious circuit,- and connects - ground cver its
right cuter front contact and over the right back
contact of relay 395 to the winding of relay 318,
Relay 212, in operating, locks over its right inner
front contact to ground over a previously tracad
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and 329, 419 and 420, and 449 and 450, are asso-
ciated with each primary switch of the group.
The operating circuits for these relays extend
over a chain circuit through the entire group of

- switches in such manner that only one pair of

relays can operate at a time. Ground is connect-
ed over the normally closed right contacts of re-
lay 818 of the first primary switch of the group,
over the normally closed right contacts of relay
£{9 and of the corresponding relays of the other
intermediate switches of the group (not shown)
to the right front contact of relay 449 of the last
switch of the group. The operation of only one
relay, such as relay 319, is effective at any one
time since, by its operation, relay 3(8 removes
the ground from the chain circuit and from the
right contacts of the corresponding relay of each
succeeding switch of the group. Similarly, bat-
tery is connected to the winding of relay 449 of
the last switch of the primary group and over the
left back contact of relay 459 to the winding and
left back contact of the corresponding relays of
each preceding switch, finally connecting to the
winding of relay 319 of the first primary switch
of the group. The operation of relay 459, or of
the corresponding relay of any intermediate
switch, removes the battery from the windings
of the relays corresponding to relay 319 and re-
lay 419 in all switches preceding that switch on
which relay 458, or its corresponding relay, op-
erated.

With ground connected to the winding of relay
318 by the operation of relay 318, as hereinbefore
set forth, and assuming that relays 429 and 458
are not operated at this time, relay 3!8 operates
over the previously described chain circuit to
battery on the left back contact and armature of
relay 458. Relay 319, in operating, operates relay
328 in an obvious circuit, and removes the ground
from the chain circuit extending over the right
contacts of relay 419, corresponding relays of
other intermediate switches, and right front con-

- tact of relay 449, thereby preventing the opera-
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tion of relays 420 and 450 should a call be extend-
ed to switches P2 or P3 at this time. Relay 320,
in operating, operates relays 321 and 322 locally,
and operates relay 601 of the link-trunk selector
LTS2 in a circuit from ground over the inner
front contact of relay 361, lower contacts of the
off-normal springs 398, right front contact of re-
lay 328, left front contact of relay 319, brush 345
and second terminal of its associated bank, to
battery through the winding of relay 5@1.

Relay 321, in operating, connects ground over
its front contacts to conductors 326, 327 and 328,
thereby grounding the lowest make contact of
every set of contacts in the vertical and horizon-
tal rows of switch Pi. Relay 322, in operating,
connects battery to the windings of horizontal
magnets 323, 324 and 325. Relay 604, in operat-
ing, associates the trunks outgoing to the suc-
ceeding stage from the selected level of each sec-
ondary switch, in this case the second level since
the digit 2 was dialed, with the link circuit selector
LCS. Assuming that the trunk T#2 is busy and
has ground connected to its sleeve conductor 783
from the succeeding stage, the first link circuit se-
lector relay 5801 operates in a circuit from battery
through its winding, over the fourth inner make
contact of relay 601!, conductor 602, to ground
over sleeve conductor 783. Relay 50f, in oper-
ating, opens the circuit over its back contact and
the next-to-inner front contact of relay 881, to
the winding of horizontal magnet T84 of switch
Si, thereby preventing the operation of magnet

2,054,910

1704 which would result in the subsequent con-
nection to the busy trunk Ti2.

The winding of relay 583 is connected over the
outer front contact of the previously operated re-
lay 681, and over conductor 684, to the sleeve con-
ductor 843 of trunk T8 of switch S3. Assum-
ing that trunk TI7 is idle, relay 503 does not op-
erate since there is no ground on conductor 813.
Upon the previous operation of relay 661, a cir-
cuit was closed from ground over the inner front
contact of that relay to battery through the wind-
ings of the slow-to-operate relay 506 and the ro-
tary magnet 587. The energizing of magnet 587
does not cause any operation since the mecha-
nism of switch A is such that brush 588 does not
step until its rotary magnet 587 is deenergized.

‘Relay 588, operating after an interval, closes a

circuit from ground over its front contact, brush
588, first terminal of its associated bank, conduc-
tor 584, armature and front contact of relay 591,
armature and back contact of relay 503, con-
ductor 898, third outer front contact of relay 601,
conductor 8§38, to battery through the winding of
horizontal magnet 884 of switch S2. Relay 508
is slow-to-operate to provide an interval sufficient
for the selection of a link to a secondary switch
having an idle trunk before ground is connected
to conductor 544, thereby preventing the opera-
tion of the horizontal magnet of any other sec-
ondary switch, ]
Horizontal magnet 884, operating over the cir-
cuit previously traced, prepares the sets of con-
tacts in the middle row of switch S3 for opera-
tion, and operates relay 885 in an obvious circuit.
Relay 808, in operating, connects ground to the
upper windings of vertical magnets 886; 807 and
888. As previously set forth, the operation of re-
lay 322 associated with switch P{ connected bat-
tery to the windings of the horizontal magnets
323, 324 and 325 of that switch. With ground
now connected to the windings of “the vertical
magnets of switch S3, a circuit is completed from
ground through the upper winding of vertical
magnet 885, over conductor ‘899, to battery
through the winding of horizontal magnet 325 of
switch Pl, and these magnets operate in series.
It will be cbvious that, although battery is con-

-nected to the windings of horizontal magnets 323

and 324 of switch Pl at this time, these mag-
nets cannot operate since they connect over con-
ductors 829 and 339, to switches S{ and S2 re-
spectively, and no ground is connected to the up-
per windings of vertical magnets of switches Si
and S2 at this time. Similarly, although the up-
per windings of all vertical magnets of switch
S8 are grounded simultanecusly, magnets 807 and
858 cannot operate since they connect to switches
P2 and P3 respectively, over conductors 814 and
8§85, and no battery is connected to the horizontal
magnets of switches P2 and P3 at this time.

The aforementioned operation of horizontal
magnet 804 of switch S3, in addition to operating
reiay 888, also prepares the middle horizontal row
of contact sets of that switch for operation.
Therefore, upon the operation of vertical magnet
886, the middle set of contacts in the first vertical
row of switch 82 operate. The operation of hori~
zontal magnet 825 of switch PI prepares the set
of contacts in the lowest horizontal row in switch
Pi{ for operation, and in addition, closes a circyit
from ground over its front contact, left back con~
tact of relay 288, left outer front contact of re-
lay 313, lower inner front contact of relay 387, to
battery over the inner back contact and through
the winding of vertical magnet 302. - Magnet 302,
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in operating, locks over its inner front contact to
ground over the upper inner front contact of
relay 387 and, in addition, operates the lowest set
of contacts in the first vertical row in switch Pf,
thereby extending the connection :incoming to
this stage over trunk T to the succeeding stage
over outgoing trunk T18. The extended connec-
tion is traceable from the incoming tip conduc-
tor 304 and ring conductor 383 of trunk 'T{, over
the cross-points 38! and 232, over conductors
333 and 334 respectively, over cross-points 848

-and 816 of switch S3, to tip conductor 81f and

ring conductor 812 respectively, of trunk T1i8.
Vertical magnet 882 of switch Pt, in operating,
also opens. the circuit through the windings of
relay 38¢ and causes that relay to release. Re-
lay 381, in releasing, removes the ground- over
its inner front contact from the windings of re-

“lays 218 and 601, causing these relays to release.

In addition, relay 301 in releasing removes the
ground from the winding of slow-to-release re-
lay 307, and energizes the level selector release
magnet 317 in a circuit from battery through the
winding of the magnet, upper make contact of
springs 80§, inner left front contact of relay 313,
lower outer front contact of relay 307, to ground
over the back contact of relay 38(. Release mag-
net 317, in energizing, restores brushes 3!{5 and
316 to their normal position and causes the off-
normal contacts 305 to restore to the unoperated
position. Relay 387, being slow-to-release, pro-
vides for holding vertical magnet 302 operated
and for maintaining the busy ground on the
sleeve conductor of trunk T{ until the selected
trunk circuit of the succeeding stage has had
time to function and return a ground for this
purpose. This holding ground from the suc-
ceeding stage is traceable. over sleeve conductor
813 of trunk T8, cross-point 817, conductor 818,
cross-point 335 of switch Pi, to sleeve conductor
308 to trunk T4, and over the inner front contact
and through the winding of magnet 302 to bat-
tery. After an interval, relay 301 releases and
removes the ground  from conductor 336, this
conductor having since been grounded from the
succeeding stage as set -forth above., Relay 387,
in releasing, also opens the holding circuit -for
relay 313, opens the circuit through the winding
of release magnet 3{7 of the level selector switch
LSI, and removes the ground over its upper outer
front contact and the next-to-inner back con-
tacts of vertical magnets 309 and 310.from sleeve
conductors 8¢l and 312 of trunks T2 and T3
thereby removing the busy condition from these
trunks.

Relay 318, in releasing, opens the operating
circuits for relays 313 and 319, causing these re-
lays to release. Relay 3!9, in releasing, opens
the circuit through the winding of relay 320 and
again connects ground to the sequence relay
chain circuit extending over the normally closed
right contacts of relays, 319, 419 and 449. Re-
lay 32§, in releasing, releases relays 321 and 322.
Relay 821, in releasing, removes the ground from
conductors. 326, 327 and 328. The purpose for
which - these conductors were grounded will be
set forth in detail subsequently.  Relay 322 in
releasing, removes the battery from the wind-
ings of horizontal magnets 323, 324 and 325.
Magnet 325 releases and the lowest set of con-
tacts in the first vertical row of switch Pl are
held in the operated position by vertical magnet
302 which is locked to ground from the succeed-
ing stage. :

Relay 601, releasing upon the release of relay

5

301 as previously ' described, opens the circuit
through the windings of relays 501 and 506, wind-
ing of rotary magnet 507, and winding of hori-
zontal magnet 804 of secondary switch S3. Re-

lay 581 releases and closes, in part, the operat-

ing circuits for the horizontal magnets of switch
Si. Magnet 804, in releasing, releases relay 805
which, in turn removes ground from the upper
windings of vertical magnets 808, 887 and 288.

"The middle set of contacts in the first vertical

row in switch S3 are now held operated under
control of vertical magnet 886 which is locked
through its lower winding to ground supplied
over sleeve conductor 8!8 from the succeeding
stage. " Relay 588, in releasing, removes the
ground from brush 588 of switch A. Rotary mag-
net 897, in deenergizing, causes brush 568 to step
to the second contact of its associated terminal
bank.

Allotter switch A which, together with the
link circuit selector relays 504, 502 and 583, is
common to the link-trunk selectors LTSI, LTS2
and LTS3. Each time a connection is extended
through this stage, the release of the particu-
lar link-trunk selector relay used deenergizes ro-
tary magnet 587 and the brush of switch A ad-
vances to the next lower terminal of its asso-
ciated terminal bank. - As it successively ad-
vances, one step for each extended connection,
brush 588 perpares the operating circuits for the
horizontal magnets of the first to tenth or last
secondary switch consecutively, thereby chang-
ing the order of the first choice trunk in any
group. In this foregoing manner, an even dis-
tribution of traffic through the groups of trunks
outgoing from the various corresponding levels
of the secondary switches is obtained.

Since only magnets 302 and 886 remain oper-
ated, the common equipment associated with the

_brimary and secondary switches is ready to re-

ceive another incoming call.” At the conclusion

_of the call extended through this stage from in-

coming trunk T over the outgoing trunk T8,
ground is removed from sleeve conductor 818 by
the succeeding stage thereby opening the lock-
ing circuits for magnets 382 and 886.  Magnet
382, in releasing, restores the lowest set of con-
tacts of the first vertical row in primary switch
Pt.- Magnet 808, in releasing, restores the mid-
dle'set of contacts of the first vertical row in
secondary switch 83 and this group-selecting
stage is thereby restored to nmormal. For calls

Jincoming over trunks T4 to T6 inclusive, or over

trunks T7 to T9 inclusive, primary switches P2
or P32, respectively, function in the same manner
as set forth for switch Pi.
switches Si and S2 function in the manner iden-
tical with the operation of switch S3. On acall

"incoming to switch P2 the operation of sequence

relay 419 opens the chain circuit ground to
prevent the operation of relay 449, on a simul-
taneous call incoming to switch P3, from oper-
ating relay 450. Similarly, the operation of re-
lay 428 of switch P2 opens the operating circuit
for relay 318, to prevent the operation of relays
318 and 828 on a simultaneous call incoming to
switchi PI. On a call incoming to switch P3, the
operation of relay 450 opens the opeérating cir-
cuits for relays 319, 413 and corresponding re-
lays of the other intermediate primary switches
of the -group (not shown).

As previously set forth, on a call being ex-
tended through:this stage from primary switch

.PI, the operation of relay 319 opens the ground

from ‘the chain circuit extending over the nor-
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mally closed right contacts of relays 319, 4198 and
449, Assume another call, incoming to this stage
over a trunk appearing in primary switch P2,
before the call incoming to switch P is extenced
to the succeeding stage. In response to dial
pulses over the frunk incoming to switch P2,
level selector 1.S2 will step its brushes to the ter-
minals of its associated bank, the number of
steps taken corresponding to the dialed- digit.
Upon the first step of the brushes, the off-normal
springs (not shown) of level selector LS2 oper-
ate and close the operating circuit for relay 418.
Relay 419 operates but, since there is no ground
on its right front contact, it does not cause relay
428 to operate. The call over switch P2 is not
cut through to the link-trunk selector since
ground over the right front contact of relay 420,
and over brush 415, is required to complete the
operating circuit for the link-trunk selector re-
lay, such as relay 60{. When the call incoming
over switch P! is extended to the succeeding
stage, relay 319 releases and closes ground to
the sequence , chain circuit over its normally
closed right contacts, thereby permitting relay
428 to operate. Relay 426, in operating, com-
pletes the operating circuit for the link-trunk
selector relay associated with the particular level
dialed, and the call incoming to switch P2 is
extended in the manner identical with that
hereinbefore described for the call incoming to
switeh PI.

On a call incoming over trunk T7, T8 or T9, the
sequence relays 449 and 458 associated with switch
P3 remain operated until the call has been ex-
tended to the succeeding stage. Relay 4980, in
operating, removes the battery over its left back
contact from the chain circuit extending to the
winding of relay 419, and over the left back con-
tact of relay 420 to the winding of relay 3i9.
Calls incoming at this time over trunks appearing
in primary switches Pl and P2 are not connected

through to a link-trunk selector circuit since

relays 319 and 418 cannot operate. After the
call incoming over switch P3 is extended to the
succeeding stage, relays 449 and 450 release. Re-
lay 450, in releasing, reconmnects battery to. the
windings of relays 319 and 419. Relay 319 oper-
ates, in turn operating relay 320 thereby closing
the operating circuit for the associated link-
trunk selector relay over brush 315 of level se-
lector I.S1. The call incoming over switch Pl is
now extended through the stage in the manner
hereinbefore described. Relay 3189, in operating,
also removes ground from the chain circuit ex-
tending over the right contacts of relays 418 and
449. Therefore, following the release of relay 450,
the operation of relay 419 does not operate re-
lay 420. The call incoming over switch P2 now
awaits the release of relay 3{9 before being con-
nected to a link-trunk selector for extension
through this stage.

When the lowest set of springs in the first ver-
tical row in switch P1 operated during the ex-
tension of the call incoming over trunk TI as
hereinbefore set forth, a circuit was closed from
the outer front contact of relay 321, over cross-
point 337, conductor 338, to the next-to-outer
armatures of link-trunk- selector relays 508, 601
and 606, and to the winding of relay 819. How-
ever, since relay 321 released as soon as the con-
nection incoming over trunk Tl was extended to
the succeeding stage relay 819 did not operate.
Assume now that with connection from trunk Tl
to trunk Ti8 still established, another call, over
trunk T3, is incoming to switch PI. Relay 339

2,054,910

operates over the circuit through the preceding
stages and over the subscribers’ loop in the same
manner as previously described for relay 301.
Relay 339, in operating, operates relay 348. Re-

lay 340, in operating, connects ground over its g

upper inner front contact to the sleeve conductor
312 of trunk T3 and also connects ground over its
upper outer front contact to sleeve conductor 31
of trunk 'T2, thereby making these trunks busy
to the preceding stage. Trunk Ti, which at this
time is already in use, has its sleeve conductor 308
grounded from the succeeding stage over a pre-
viously traced circuit.

Assume that on this call incoming over frunk
T3, the digit 0 is dialed into this stage. .Relay
339 therefore releases and reoperates ten times
in response to the ten dial pulses corresponding
to the digit 0. Under control of ground pulses

over the back contact of relay 339, over the lower
outer front contact of relay 348 and left back con--

tact of relay 313, rotary magnet 34 advances
brushes 315 and 816 of the level selector LSi to
the tenth contacts of their associated terminal
banks.
springs 306, relay 3{8 operates in a circuit from
battery through its winding, over the lower con-
tacts of springs 306, to ground over the inner front
contact of relay 339. Relay 318, in operating,
operates relay 313 locally, and, providing that no
other call is being extended through any other
primary switch of the group, operates relay 3{9
over a previously traced chain circuit. Relay 218,
in operating, operates relay 320 locally.  Relay
320, in operating, operates relays 32{ and 322
locally, and operates relay 688 of link-trunk
selector circuit I'TS3 in a circuit from ground
over the inner front contact of relay 339, lower
contacts of springs 306, right front contact of
relay 320, left front contact of relay 3{8, brush
315 and tenth terminal of its associated terminal
bank, conductor 341, to battery through the wind-
ing of relay 688. Relay 32!, in operating, con-
nects ground over conductors 328, 327 and 328 to
the lowest make contact of each set of contacts
in switeh PI. Relay 322, in operating, connects
battery to the windings of horizontal magnets
323, 324 and 325. Relays 8§06, in operating, asso-
ciates the trunks outgoing to the succeeding stage
from the lowest level (which corresponds to the
dialed digit 0) of each secondary switch with the
link circuit selector LCS.

Assume that, at this time, trunks T13 and T{6
of switches Si and S2, respectively, are both busy.
Upon the operation of relay 0% therefore, relays
501 and 582 operate since the trunks associated
with these relays are busy. The circuit for relay
501 may be traced from battery through the wind-
ing of the relay, fourth inner front contact and
armature of relay 6856, over conductor 637, to
ground from the succeeding stage over sleeve con-
ductor 185 of trunk Ti3. Relay 532 operates in
the circuit from battery through its winding, over
the seventh inner front contact and armature of
relay 608, conductor 8§88, to ground from the suc-
ceeding stage over sleeve conductor 820 of trunk
T16.

Trunk T19 of the last secondary switch of the
group is assumed idle at this time but, since the
link consisting of conductors 333, 234 and 818,
which. - interconnects primary switch P{ with
secondary switch S3 is being used on the call ex-
tending from incoming trunk T! fo outgoing
trunk Ti8 as hereinbefore set forth, trunk Ti9
is therefore unavailable even-though idle. Relay
503 operates in a circuit from battery through its
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winding, over conductor 5!, next-to-outer front
contact and armature of relay 688, conductor 338,

cross-point 337, conductor 326, to ground over

the outer front contact of relay 321. Relay 819
also operates in a circuit from battery through its
winding to the ground on conductor 338, the cir-
cuit for which has just been traced.  Relays 581,
562 and 583, in operating, open the circuits to
horizontal magnets 798, 821 and 824 of secondary
switches SI, 82 and S3 respectively, to prevent the
operation of these magnets upon the operation of
the slow-to-operate relay 506 the circuit for
which was closed by the operation of relay 686.

With trunks T3 and T16 busy, and trunk T4§
unavailable since its associated link te switch Pi
is in use, a chain circuit is closed from ground on
conductor 1087, over the two lowest cross-points of
whichever set of contacts in the lowest horizontal
row in switch St is operated, over conductor 798,
the two lowest cross-points of whichever set of
contacts in the lowest horizontal row in switch
82 is operated, over conductor 822, outer make
contact and armature of relay 818, conductor 823,
tenth contact terminal and brush 3t§ of level
selector LSi, through the right winding of relay
305, to battery over the right inner front.contact
of relay 318. Relay 365 operates in this afore~
mentioned circuit and locks through its left wind-
ing from battery over the right outer frent con-
tact of relay 343, its left winding and left front
contact, to ground over the lower middle front
contact of relay 348. Relay 385, in operating, re-
moves the direct ground over its left oufer back
contact from the lower winding of relay 338 and
connects ground through the left winding. of
transformer 342, over its left outer armature and
front contact tc that point instead. The right
winding of transformer 342 connects to a source
of a characteristic busy tone over conductors 343
and 344. This busy tone is induced in the left
winding of transformer 342 and thence to the
calling subscriber since relay 339 is operated over
the calling subscribers’ loop.  Relay 305, in op-
erating also opens the operating circuit for relay
819. Relay 319, in releasing, releases relay 320,
connects ground over its normally closed right
contacts to the sequence chain circuit extending
through the other primary switches of the group,
and, in addition, opens the operating circuit for
relay 8086 which releases. Relay 320, in releasing,
releases relays 321 and 322. Relay 321, in releas~
ing, removes ground from conductors 326, 327
and 328 thereby releasing relay 819 which was
being held operated by the ground on conductor
326 over cross-point 337 and conductor 338. Re-
lay 322, in releasing, opens the circuits from bat-
tery to horizontal magnets 323, 224 and §28. Re-
lay 606, in releasing, opens the circuits through
the windings of relays 501, 502, 503 and 588, all
of which release, thereby restoring the link-trunk
selector L'TS3 and the link selector LCS to normal.
The release of relay 819 opens the chain circuit
between conductors 822 and 823. Relays 305, 313,
318, 339 and 340 remain operated pending discon-
nection.

When the calling subscriber replaces the re-
ceiver on the switchhook upon receipt of the tone
signal indicating that all paths are busy, relay 339
releases due to the opening of the subscriber’s locp
by the switchhook contacts. With relay 339 re-
leased, release magnet 317 of the level selector LS|
is energized from battery through its winding,
over the upper contacts of springs 306, left inner
front contact of relay 313, lower outer front con-
tact of slow-to-release relay 340, to ground over

7

the back contact of relay 339. The energizing of
magnet 3{7T causes brushes 3!5 and 216 to re-
turn to normal at which time springs 386 restore
to their unoperated position, thereby opening the
circuits through the windings of relay 848 and re-
lease magnet 317. Relay 3335, in releasing, also
opens the circuit through the winding of relay
2340, Relay 348, in releasing, opens the locking
circuits through the winding of relay 313 and the
left winding of relay 385 causing relays 385 and
313 to release. The release of relay 340 also re-
moves the ground over its upper front contacts
from the sleeve conductors 3ff and 312 of trunks
T2 and T3 respectively, and these trunks may now
be selected in the preceding stage by another call.

Relays 788 and 825, associated with secondary
switches St and S2 respectively, perform the same
function as hereinbefore described for relay 89
of switch 83. On a call being extended over any
primary switch, relay 709 operates if the- link
between  that primary switch and secondary
switch S{ is in use. Similarly relay 825 operates
if the link between that primary switch and sec-
ondary switch S2 is in use. The contacts of
relays 799 and 825 parallel the two lower multipie
cross-points in each horizontal row of contact
sets in secondary switches S1 and S2 respectively.
The operation of either relay 708 or 825 causes
the all-trunks-busy chain circuit to be extended
over secondary switch SI or S2 since the oui-
going . trunk in the desired level, although not
busy, is unavailable due to its associated link
being in use. Whenever all trunks outgoing from
anhy level of the secondary switches are busy, or
unavailable due to busy links, the all-trunks-busy
chain circuit is completed over the entire second-
ary switch group and provides for the operation
of relay 3865 of switch P! or the corresponding
relay of any other primary switch being used,
and a busy tone is returned to the calling sub-
seriber in the manner hereinbefore described.

What is claimed is:

1. In a telephone system, a plurality of group-
selecting stages, means for sending successive

series of impulses directly to the successive stages, -

primary and secondary switches at each of said
stages, each of said switches comprising rows of
separately operable contacts and coacting bars
for operating the same, and means respvonsive
to the impulses incoming to a stage for selectively
operating the bars of the primary and secondary
switches thereat. :

2. In a telephone system, a plurality of select-
ing stages each comprising a number of primary
and a number of secondary cross-bar switches,
links interconnecting each primary and each sec~
ondary switch, means for sending successive se-
ries of designation impulses directly to the suc~
cessive stages, and means responsive to the

impulses incoming to a stage for selectively op-~-

erating the primary and secondary switches
thereat. '

3. In a telephone system,; a plurality of select-
ing stages each comprising a number of primary
and a number of secondary cross-bar switches,
links interconnecting each primary and each sec-
ondary switch, a plurality of groups of trunks
cutgoing from the secondary switches, each group
having trunks appearing in a plurality of said
secondary switches, means for sending successive
series of designation impulses directly to the suc-
cessive stages, and means responsive to the
impulses incoming to a stage for selectively op-
erating the primary and secondary switches
thereat.
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4. In a ftelephone system, a series of group-
seiecting stages each comprising a plurality of
primary and a plurality of secondary cross-bar
switches, impulse receiving mechanism associ-
ated with each of said stages, means for sending
the successive series of impulses of a wanted
designation directly to the impulse receiving
mechanisms at the corresponding stages, and
means responsive to the receiving mechanism at
each stage for selectively operating the primary
and secondary switches thereat.

5. In combination, serially related group-se-
lecting stages each comprising a plurality of pri-
mary and a plurality of secondary cross-bar
switches, a plurality of trunks incoming to each
of said primary switches, impulse receiving mech-
anisms, each serving to receive the impulses in-
coming over any one of the trunks appearing in
a primary switch, means for sending the suc-
cessive series of impulses of a wanted number
directly to the mechanisms at the corresponding
stages, and means controlled by said mechanisms
for operating the primary and secondary switches
at the respective stages.,

8. In combination, serially related group-se-
lecting stages each comprising a plurality of pri-
mary and a plurality of secondary cross-bar
switchies, & plurality of trunks incoming to each
of said primary switches, impulse receiving mech-
anisms, each serving to receive the impulses in-
coming over any one of the trunks appearing in
& primary switch, means for sending the succes-
sive series of impiulses of a wanted number directly
to the mechanisms af the corresponding stages,
means effective when impulses are being received
over one of said trunks for rendering busy all
other trunks incoming to the same primary switeh,
and means controlied by said mechanisms for op-
erating the primary and secondary switches at
the respective stages.

7. In combination, a group selecting stage
comprising a plurality of primary and a plurality
of secondary cross-bar switches, groups of in-
coming trunks, each group appearing in a sepa-
rate one of said primary switches, trunks outgo-
ing fror said secondary switches, links inter-
connecting the primary and secondary. switches,
impulse receiving devices individual respectively
to said primary switches and responsive to a call
on one of the incoming trunks for selectively op-
erating the corresponding primary switch and
one of said secondary switches to extend the call
t0 an outgoing trunk and means effective when
a number of incoming calls appear simultaneousiy
for causing sald calls to be extended one at &
time through said switches to the outgoing
trunks.

8. In a telephone system, a group-selecting
stage comprising a plurality of primary and a
plurality of secondary switches, trunks incoming
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to said primary switches, frunks oufgoing from
said secondary switches, link circuits intercon-
necting each primary switch with each of the
several secondary switches, and means for testing
the outgoing trunks and the link circuits -com-
prising a test circuit extending to each of said
ocutgoing trunks and a test circuit for each of the
link circuits extending through contacts of the
corresponding primary switches.

9. In a telephone system, a group-selecting
stage having primary switches and secondary
switches thereat, trunks incoming to the primary
switches, trunks ocutgoing from the secondary
switches, link circuits,; each primary switch hav-
ing one of said link circuits extending to each
of the secondary switches, test relays for testing
the condition of said outgoing trunks snd the
condition of said link circuits, a test circuit for
each outgoing trunk extending to the winding of
a particular test relay corresponding thereto, &
test circuit for each of the links having access
to such outgoing trunk extending to the winding
of said relay, and means for closing the test cir-
cuit of any one of said links through contacts of
the corresponding primary switch.

10. In a telephone system, a group-selecting
stage comprising a piurality of primary cross-bar
switches and a plurality of secondary cross-bar
switchies, link circuits interconnecting said pri-
mary and secondary switches, operating magnets
for said primary switches, each magnet individual
to a particular one of said link circuits, operat-
ing magnets for said secondary switches, each
magnet individual to a particular one of said link
circuits, and means for applying a source of po-
tential to a plurality of magnets at said secondary
switches and to a plurality of magnets at said
primsry switches to cause the simultaneous op-
eration in a series circuit of a desired magnet at
the secondary switch and a desired magnet at
the primary switch.

11. In a telephone system, a plurality of pri-
mary cross-bar selector switches, a plurality of
secondary -cross-bar selector switches, links in-
terconnecting said switches, each primary switch
having cne of said link circuits extending to each
of szid secondary switches, operating magnets at
said primary switches individual to the respecive
link . circuits, operating magnets for the second-
ary switches individual to the respective link
circuits, a source of battery potential, means for
applying one pole of said battery to the windings
of the secondary magnets for all link circuits
incoming to a particular.secondary switch, and
means for applying the opposite pole of battery
tc the windings of the magnets of the primary
switches individual fo the respective link circuits
extending to said particular secondary switch,
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