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Potented Aug. 14, 1923.

UNITED STATES

PATENT OFFICE.

LIPA POLINEOVWSEY, OF ANTWERP, BELGIUII, ASSIGIOR TO WESTERN IBLECTRIC
COLIPANY, INCORPORATED, OF NEW YORKE, IN. Y., A CORPORATION OF NETY YORIZ.

'TELEPEONE-EXCEANGE SYSTERM.

Appncatﬂoﬁ dled April 90, 1990. Serlal Wo. 377,981,

To all whom it may concern: :
Be it known that I, Lira PorLinzowsky,
a citizen of Russia, residing at Antwerp,
Belgium, have invented certain new and use-
& ful Improvements in Telephone-Exchange
~ Systems, of which the following is a full,
clear, concise, and exact description.
This invention relates to telephone ex-
change systems and more particularly to
10 systems in which machine switching mecha-
nism is used for establishing connections
between subscribers’ lines. .
In machine switching telephone systems
where register senders are employed for

16 .controlling the switches in the extension of "

connections, the registers of these senders
are arranged to be positioned, either in re-
sponse to calling transmitters or operators’

¢ keyboards, to record the desired designa-
20 tions. With the desired designation thus
" recorded the registers then serve to control

the selecting operations of a  series of

switches to extend and complete the connec-
tion. If, during the-automatic trunk-hunt-
20 ing movement of any of the switches in the

- series, all outlets of the group at that par-

ticular stage of the connection are found
busy, the switch moves to an overflow posi-
tion and ' comes to: rest. In certain sys-
30 tems of the foregoing character it is cus-
tomary to provide means whereby the
switch, in finding all outlets busy, advances
to its overflow position and causes the ap-
plication of 'a tone-producing current to

85 the calling line or the operation of a super--

~ visory signal before an operator. The par-
“tially established conmnection may then be
released in thie usual manner.. In other sys-
tems the advance of the switch to overflow

40 position causes the connection to be released
automatically, a busy signal being given -at
the same time to the subscriber.
type of system the release of the unsuccess-
ful connection causes the register sender to

45 be restored to mormal. If further attempts
are ' made to establish the desired connection,

it is first necessary to reset the: controlling

_ registers of the sender. - ,
' The object of this invention is the pro-
B0 vision of means in a system of the above
eneral chaeracter, for maintaining the reg-
istration of the desired designation during
the release of the switches, when all outlets
are found busy, and for thereupon reoperat-

In either

ing said switches in & further atteinpt to
establish the required connection,

A feature of the invention relates to.

means, operative upon the lapss of a defi-
nite interval after any switch has feiled to

find an idle outlet, for releasing the par- (

tially established connection and for placing

- the sender in condition to again control the

switches in sccordance with the registered
designation in a further attempt to obtain
a complete connection.

Another feature relates to means whereby
a switch, which has been operated in ac-
cordance with the setting of certain regis-
ters~of the controlling sender, may be re-

leased and reoperated under the control of

such registers during the time that other
registers of the sender are being set to con-

tro] the operation of other switches which -

cooperate 1n the establishment of the desived

connection. '

These and other features contemplated by
the present invention will become more ap-
parent from a consideration of the follow-
ing description and appended claims.

In the drawings Figs. 1, 2, 4 and 5, taken
in order from left to right -with Fig. 3
placed beneath Fig. 2, illustrate 2 telephone
systém embodying the principles of this in-
vention, -

_ Fig. 1 shows a subscriber’s line and a pre-
liminary switching unit comprising a line
finder switch and a trunk finder switch for
extending such line to an idle trunk circuit.

Fig. 2 shows 4 first group selector switch

and an auxiliary switch individual thereto.

for associating an-idle register-controlling

mechanism with the circuits of the group-

selector switch. ‘

Fig. 8 shows one of the register control-
ling mechanisms for controlling the opera-
tion of thé selective switches in the exten-
sion of 2 connection. ’

-~ Rig. 4 shows a second group selector

switch and Fig. 5 shows a final -selector
switch having access to the terminals. of

called subscribers’ lines. ° :

.. 'The preliminary switching unit shown in

Fig. 1 consists of 2 line-finding switch whose
brushes are shown at. 110, 111, 112 and 113,
and a trunk-finding switch whose brushes

are shown at 121, 122, 128 and 124. These

finder switches are of the simple rotary
type, driven step by step by a motor mag-
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net over the terminals of an arcuate bank.
The brush sets have no normal position but
always remain in engagement with the ter-
minals last taken for use. :

The group selector switches shown in
Figs. 2 and 4 and the final selector switch
in Fig. 5 are of the well-known power
driven panel type, such as disclosed in the
patent to Craft and Reynolds No. 1,123,696,
1ssued January 5, 1915, .

The register-controlling mechanisms,  one
of which 1s illustrated in F ig. 3, which con-
trol the selective movement of the switches,
are of the revertive impulse-sending type.
These controlling mechanisms comprise a
plurality of registers A, B, C, D'and E
which are positioned under the control of a
calling subscriber’s impulse transmitter and
in accordance with the numerical designa-
tions of called subscribers’ lines. A side
switch F is provided for the purpose of as-
sociating the calling subscriber’s line with
the successive registers.
register A has been advanced in accordance
with the first series of impulses transmitted
over the calling subscriber’s line, the side

~switch ¥ moves forward one position to as-

sociate the second register B. The next
series of impulses serves to set the register

B, whereupon the side switch advances to

associate the calling line with the third reg-
ister C and so on. The registers, having
been thus positioned in accordance with the

. respective digits of the desired designation,
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are then effective to control the operation of
the counting relay set which, in turn, coop-
erates with the fundamental circuit in the
usual manner to determine the extent of op-
eration of the successive selector switches in
the extension of the connection. The regis-
ters consist of small rotary step-by-step
switches, each comprising a plurality of
superimposed contact levels with a rotating
brush for each level. For clearness of il-
lustration the several contact levels of each
register ‘are shown in vertical alignment,
one above the,other, together with the brush
arm co-operating with each of such contact
levels. The register A is provided with
four levels of contacts and four correspond-
ing brushes 316, 317, 318 and 319, The
register B also has four levels of contacts
and four corresponding brushes 320, 321,
322 and 323. The register (' is likewise
provided with four levels of contacts with
the corresponding brushes 324, 325, 326 and
327. The last two registers, D and E, are
provided with only three levels of contacts
each. Each of the several brushes of a regis-
ter has two contact arms spaced 180° apart
and rigidly mounted upon the same rotating
shaft. The stationary contacts are arranged
In a semicircular bank, such that the mov-
able brushes, having completed a half circle
of rotation, are in normal position ready for

After the first

- 1,464,726

the next operation. Stepping magnets 311,
312, 313, 814 and 3815, one for each of the
respective registers, serve to drive the mov-
able brushes step by step over the terminals
of the stationary banks. The stationary
bank terminals of the registers may be wired

‘to the counting relays shown at the top of

Fig. 8 in any manner suitable for exercising
the necessary control over the selective op-
erations of the switches. ' Since the method
of wiring the registers to the counting relays
is arbitrary and depends upon the type of
translation required to satisfy the grouping
of trunks and lines in the selective switches,
it has been considered necessary to show
only a few of the connections between the
register contact banks and the counting
relays. L

The side switch F consists of a rotary
step-by-step switch, similar in construction
to the controlling registers, provided with
four levels of stationary contacts.
brushes 834, 385, 336 and 337 of the side
switch each have two contact wipers spaced
180° apart as shown in the case of the lower-
most brush 334. The brushes of the side
switch are shown in their normal positions
and are arranged to rotate in a direction
opposite to the rotation of the register brush
arms, as illustrated by the arrows. As g
turther means for accomplishing the neces-
sary ecircuit changes during the operation of

the controlling mechanism a sequence switch -

310 is
anism,

The sequence switch 310, together with the
sequence switches 210, 410, and 510, associ-
ated with the selective switches, may be of
the construction shown and deseribe in the
patent to Reynolds and Baldwin No, 1,127,-
808, issued February 9, 1915,

In the system disclosed, the initiation of
a call on a subscriber’s line causes the auto-
matic operation of an idle Preliminary
switching unit. The line finder operates to
find the calling line and the trunk finder
operates to extend such line over s trunk
cireuit to an idle first group selector switch.
The auxiliary selecting switch, the brushes
of which are shown at 246, 247, 248, 249, 950
and 251, is thereupon started in operation
to test and seize an idle register-controlling
mechanism. An idle controlling mechanism
having been associated with the first group
selector switch, the calling subscriber’s line
is extended to an impulse relay 800, which
responds to series of impulses, to position
the successive registers in accordance with
the called line designation. After the first

provided for each controlling mech-

two registers, A and B, have been positioned,.

a fundamental circuit is completed and the

brush and group-selecting operations take -

place at the first-group  selector switch,
During the operation of the first group-se-
lector switch, the subscriber continues to
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transinit impulses to set the remaining regis-
ters C, D and E. When the first group se-
lector has completed its operation, a funda-
mental circuit is completed for the operation
of the second group-selector switch, pro-
vided at this time all of the remaining regis-
ters have been positioned. If the first group-
selector switch, however, completes its op-

eration prior to the setting of the remaining

registers, the operation of the second group
selector is delayed until the last’ of such

registers has been positioned. The second

group selector and final selectors are then
operated under the control of the positioned
registers and complete the extension of the
connection to.the called subscriber’s line.
In accordance with the principles of this
invention, should the first or second group-
selector switches find  all trunks in the
selected group busy at the time the test
is made, these switches are restored to nor-
mal to release the partially established con-
nection. The release of the partially estab-
lished connection under these circumstances
interrupts the regular advance of the regis-

" ter-controlling mechanism at the corre-

30

35

40

sponding point in the progress of its oper-
ation. After the controlling mechanism has
stood in its partially operated condition for
a predetermined interval of time, means are
rendered effective to place said controlling

mechanism in its initial condition without.

disturbing the setting of the registers and
in fact, without interfering with the regu-
lar operation of such registers as may not
have been positioned at this time under
the control of the calling subscriber’s trans-
mitter. With the switches thus released and
the controlling mechanism returned to its
initial set condition, said switches are again
operated in accordance. with the original
setting of their controlling registers to make
a-further attempt to establish a through con-
nection to the called line. This operation

may continue so long as no idle trunks are

found or uiitil the calling subscriber aban-

~ dons the call by hanging up his receiver.

" 50

A detailed description of the -operation
involved in the extension and completion
of a connection will now be given. . For this
purpose it will be assumed that the sub-
scriber at substation 100 desires to hold com-
versation with tlie subscriber at substation
530. Upon the removal of the receiver from
the switchhook at the calling substation, &
circuit is completed from battery through

"“the winding of line relay 102, contact and

65

outer armature of relay 103, over the loop
of the substation 100, inner armature and
contact of relay 103 to ground. Relay 102
becomes energized and closes a circuit from
battery through resistance 104, contact and
left-hand armature of relay 102 to test ter-
minal 109 of the line finder switch, thus
placing a selectable potential on said ter-

&

minal. Relay 102 also closes a circuit at its
right-hand armature for the energization of
relay -105. Relay 105 completes 2 circuit
from battery through the winding of coil
114, winding of stepping magnet 115, arma-
ture and contact of seid magnet, outer arme-
ture and contact of relay 105, back contact
and left-hand armature of relay 117, contact
and outer lef{-hand armature of relay 118,
contact 129, to ground. A circuit in parallel
to the one just traced is also closed through
the winding of relay 116, to ground at con-
tact 129. Relay 116, however, being shunted
out, does not receive sufficient current to
energize. The stepping magnet 115 inter-
rupts its own circuit and advances brushes
110, 111, 112 and 113 over the terminals of
the subscribers’ lines. When the calling
line is reached, a circuit is completed from
battery, through resistance 104, contect and
left-hand armature of relay 102, terminal
109, brush 113, conductor 180, middie wind-
ing of relay 117 to ground. Iéiela,y 117 ener-
gizes and opens the operating circuit of the
stepping magnet 115. Relay 116 is now in-
cluded in series with magnet 115, but mag-
net 115 does not receive sufficient current
to continue its operation. Hence the
brushes 110, 111, 112 and 113 are brought
to rest in engagement with terminesls 108,
107, 108 and 109 of the calling line. Relay

116 is made slow to attract its armatures

and, therefore, does not operate in series
with magnet 115 until after the lapse of o
short interval following the operation of
relay 117. With relay 117 energized, and

‘while relay 116 is in its inoperative con-

dition, a circuit is completed from battery
through the inner right-hand armature and
back contact of relay 116, left-hand wind-
ing of relay 119, contact and right-hand
armature of relay 117, comtact and outer
left-hend armature of velay 118, contact
129 to ground. Relay 119, which serves as o
test relay, attracts its armatures and locks
up over its right-hand winding, provided
the test brush 124 of the trunk finder is
stapding on the terminal 128 of 2 busy
trunk, This holding circuit may be traced
from battery through the right-hend wind-
ing and front contact and right-hand arme-
ture of test relay 119, brush 124, terminal
128, conductor 252, to ground either at the

‘lower left-hand sequence switch contact 207

(2 to 18) or st the outer left-hand armature
and front contact of relay 204, as will be
hereinafter ‘explained. Relay 119, by re-
meining energized in this circui¢ after the
circuit “through its left-hend winding is
opened by the enmergization of relay 116,
completes a circuit from ground through the
winding ‘of stepping magnet 120 of the
trunk finder, armature and contact of seid
magnet, front contact end left-hand arma-

ture of relay 119, front contact and inner .
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right-hand armature of relay 116 to battery
and ground. The stepping magnet 120 in-
terrupts its own circuit and advances
brushes 121, 122, 123 and 124 over the ter-
minals of trunk lines in search of an idle
one thereof. When an idle trunk is reached,
the holding circuit of test relay 119 is
opened and this relay deenergizes. Relay
119 opens the operating circuit of stepping
magnet 120, thereby bringing the brushes
of the trunk finder to rest in contact with
the terminals of the trunk line leading to
an idle first group selector switch. When
relay 116 became energized after the lapse
of the necessary interval, a circuit was closed
from battery through the winding of cut-
off relay 103, left-hand winding of register
magnet 131, terminal 108, brush 112, con-
ductor 132, outer right-hand armature and
contact of relay 116, right-hand winding of
relay 117 to ground. The cut-off relay 103,
by energizing in this circuit, opens the cir-
cuit of line relay 102, which, in turn, per-
mits the deenergization of relay 105. Relay
116 remains energized in series with mag-
net 115 by means of a circuit closed through
the inner left-hand armature and contact of
relay 116 to ground at contact 129, as above
traced. N

As soon as relay 119 releases its armatures
a circuit is completed from ground through

the outer left-hand armature and contact.

of relay 116, back contact and right-hand
armature of relay 119, brush 124, terminal
128, conductor 252, outer left-hand arma-
ture and back contact of relay 204, lower
right-hand contact 203 (1), conductor 253,
right-hand winding of relay 202, to battery
and ground. Relay 202 becomes energized
and closes a circult from ground through
its right-hand armature and front contact,
lower contact 205 (1), winding of sequence
switch magnet 210 to battery and ground.
Seguence switch 210 energizes in this circuit
and moves from position 1 into position 2.
As sequence’ switch 210 reaches position 1§
a circuit is completed from ground through
the lower right-hand contact 207 (1% to 17),
conductor 254, terminal 127, brush 123,
winding of relay 118, back contact and left-
hand armature of relay 119, front contact
and inner right-hand armature of relay 116
to battery and ground. Relay 118 energizes
in this circuit and opens the above-traced
circuit for relay 116, Relay 116 thereupon
releases its armatures. The deenergization
of relay 116 opens the circuit through the
right-hand winding of relay 117, permitting
this latter relay to release its armatures,

‘Relay 118 and cut-off relay 103, however,

remain energized in a cireuit from battery
through the winding of relay 103, left-hand
winding of register magnet 131, terminal
108, brush 112, inner left-hand armature

and contact and winding of relay 118, brush

1,464,726

123, terminal 127, and thence to ground at

-contact 207.

In position 2 of sequence switch 210, the
auxiliary selecting switch, the stepping mag-
net of which is shown at 209, is operated to
select an idle register-controlling mecha-
nism. If the test brush 246 of the auxiliary
switch happens to be standing on a terminal
individual to a busy register-controllin
mechanism, the relay 202 remains energize
in position 2 of sequence switch 210 by means
of a circuit from’ battery through the left-
hand winding of relay 202, upper right-hand
contact 206 Fl to 9), front contact and left-
hand armature of relay 202, upper left-hand
contact 208 (1 to 2), brush 246, terminal 255,
thence to a multiple terminal similar to ter-
minal 255 at some other auxiliary switch,
brush 246 at such other auxiliary switch,
conductor 255, contact and inner left-hand
armature and winding of a relay similar to
relay 211, to ground. Relay 202, by remain-
ing energized in this circuit, completes a cir-
cutt from battery through the winding and
armature and contact of the stepping relay
209 here shown, lower right-hand contact
224 (1% to 2), front contact and right-hand
armature of relay 202 to ground. The step-
ping magnet 209 interrupts its own circuit
and advances brushes 246, 247, 248, 249, 250
and 251 to search for an idle register-control-
ling mechanism. The test brush 246, on
reaching a non-grounded terminal 255, opens
the hol(Ting circuit of relay 202. Relay 202

releases its armatures and completes a circuit

from ground through the right-hand arma-
ture and back contact of relay 202, upper
contact 205 (2), winding of sequience switch
magnet 210 to battery and ground. Se-

quence switch 210 advances from position 2 -

Into position 3. A fter relay 202 has released
its armatuves and before sequence switch, 210
leaves position 2, a cireuit is closed from
ground through the winding of relay 211,
lower left-hand contact 214 (1 to 2), lower
right-hand contact 214 (1% to 2), back con-
tact and left-hand armature of relay 202,
upper left-hand contact 208 (1 to 2), brush
246, terminal 255, conductor 372, upper left-
hand contact 308 (18% to 13), of sequence
switch 810, winding of relay 303, to battery
and ground. Relays 308 and 211 energize
in this circuit. Relay 211 immediately locks
up through its inner left-hand armature and
contact to conductor 255, independent of the
contacts of sequence switch 210.

With the relay 211 energized, the calling
subscriber’s line is extended through,_ to the
windings of the stepping relay 300 at the
register-controlling mechanism for the trans-
mission of impulses thereto. The cirouit in-
cluding the windings of relay 300 may be
traced from battery through the left-hand
winding of said relay, left-hand winding of
tone coil 338, brush 247, conductor 257 , outer
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right-hand armature and front contact of
relay 211, conduetor 201, terminal 126, brush
122, inner right-hand armature and contact
of relay 118, brush 111, terminal 107, over
the Ioop of the calling subscriber’s line and
returning by way of terminal 106, brush 110,
contact and outer right-hand armature of re-
loy 118, brush 121, terminal 125, conductor
200, contact and inner right-hand armature
of relay 211, conductor 258, brush 248, mid-
dle winding of tone coil 338, right-hand
winding of relay 300, to ground. Relay 300
energizes in series with the calling line and
completes a circuit at its armature and front
contact for the emergization of relay $01.
Relay 808, which energized in series with re-
lay 211, completes a circuit from ground

through the lower right-hand contact 304 -

(1), front contact and inner right-hand ar-
mature of relay 303, conductor 373, winding
of sequence switch magnet 310, to battery
and ground. Sequence switch 810 moves
from position 1 into position 8. In position

* 3 of sequence switch 310, a circuit is estab-

lished from the dialing tone source 340,
through the right-hand winding of coil 338,
first position contact and brush 317 of regis-
ter A to ground at the lower left-hand con-

tact 843 (12 to 18). Current flowing in this

circuit induces a current in the lefi-hand
windings of the coil 388 which, in turn pro-
duces o characteristic sound in the receiver
ot the calling subscriber’s station to inform
him that the epparatus is in condition to re-
ceive impulses.

The calling subscriber thersupon manipu-
fates his impulse transmitter 101 in accord-
ance with the first digit of the called num-
ber. At the first interruption of the calling
line, relay 800 deenergizes and completes g
circuit from ground $hrough its armature

-and back contact, comtact and Ileft-hand
9

armature of relay 801, conductor 374, back
contact and left-hand armature of relay 308,
winding of relay 802, brush 334 and the
first position contact of side switch F, wind-
ing of stepping megnet 311 of register A,
to baitery and ground. Relay 302 ensrgizes
and completes & cireuit from ground through:
its armature and comiact, conductor 37 3,

winding of stepping magnet 305, to bettery
and ground. The stepping magnet 305 of
the side switch F and

the stepping maognsts
of the several registers ars arranged to ad-

vanés the brushes which they control om

dee_n@rgimti@n. As soon as the colling sub-
seriber’s line is agnin closed at the end of
the Grst impulss, relay 800 attracte its ormo-

tire and opens the circuit of stepping mag-
met 311, Brushes 816, 817, 318

and 819 are,
therafors, stepped forward ome position.
Reloys 801 ond 302 ore made slow to de-

.energize opd do mot retract their armatures

in respomea to the brief interruptions of

. Y

their cirewits during the trapsmission of o

\

o]

series 'of impuless. Reloy 302, by rerasin-
ing energized, maintains the energizing
circuit of the side switch
305. For each succeeding impulse in the
first series, the stepping magnet 311 ad-
vances the brushes of the first register ons
position. - After the lapss of 2 slight in-
terval following the end of the frst series
of impulses, slow-to-releass relay 302 be-
comes deenergized and opens the cirenit of
stepping magnet 305. Magnet 305 desner-
gizes and advances brushes 334, 885, 336 and
337 into engagement with the second posi-
tion contacts. With the side switch F in ite
second position a circuit is closed from bat-
tery through the winding of sequence switch
magnet 310, upper right-hand contact 8346
(3), brush 337, position 2, to ground. Se-
quence switch 310 moves from position 3
into position 4.

The calling subscriber now operates his
impulse transmitter 101 to send the sscond
series of impulses for setting the second reg-
ister B. In response to the first interrup-
tion of the line circuit, relay 300 deenergizes
and completes a circuit from ground
through its armature and back contach, con-
tact and lefi-hand armature of relay 301,
conductor 374, back contact and lefthand
armature of rolay 808, winding of re-
lay 302, brush 834, position 2, winding of
stepping magnet 312, to battery and ground.
Magnet 312 energizes preparatory o ad-
vancing the brushes of the register. Relay
302 also energizes and closes the above-
traced circuit for stepping magnet 305 of ths
side switch. At the end of the first inter-
ruption of the line circuit relay 300 attracts
its armature, permitting the megnet 312 to
deenergize and move: ths hes forward
one position.

2]

brushes

Relay 302, however, remaing
energized to maintain the snsrgizing cireuis
of the side switch siepping magns

For each suceseding impulss of th:

series, magnet 312 is energized
ergized to advance the brushes
ister B. At the end of the saries, slos
releass relay 802 reiracts its armaturs, and
the side switch stepping magnet 305
ergizes and causes the movement of §
brushes ¢o the third position. With the side
switch in its third position, 2 circuit is com-
pleted from battery through the winding of
reley 807, upper right-hand contact 345 {4),
brush 337

1

337, position 3, to ground. Relay 307
becomss energized and completes o circuis

from baltery through the winding of se-
quence switch megnet 310, outer armeturs
and fromé comtact of relay 307, uoper lefi-
hand contact 347 (4), to-ground. Sequencs
switch 810 advoncss from position 4 into
position 5.

The calling subscribsr again opsratss his
impules transmitter 101 to tronsmit the
third corics of impulses '
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third register C. In response to-the first in-
terruption of the line in the third impulse
series, relay 300 becomes deenergized and
closes a circuit from ground through its
armature and back contact, contact and left-
hand armature of relay 301, conductor 374,
back contact and left-hand armature of re-
lay 306, winding of relay 302, brush 334, po-
sition 3, winding of stepping magnet 313, to
battery and ground. Relay 302, stepping
magnet 313 and stepping magnet 305 all be-
come energized -in the manner above de-
scribed. When the impulse relay 800 again
energizes at the termination of the first im-
pulse of the series, stepping magnet 313 de-
energizes and advances the brushes of the
register C one position. For each succeeding
interruption of the line circuit during the
transmission of the third series of impulses,
magnet 313 operates to advance the brushes
of register C forward one position. At the
termination of this series, the stepping mag-
net 305 becomes deenergized and moves the
brushes of the side switch to their fourth
position, :

The subscriber next manipulates his im-
pulse transmitter o send a series of impulses
according to the tens digit of the wanted
number. The impulse relay 300, on first de-
energizing, completes a circuit from ground
through its armature and back contact, con-

- tact and left-hand armature of relay 301,
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conductor 374, back contact and left-hand
armature of relay 306, winding of relay 802,
brush 334, position 4, contact winding of
stepping magnet 314 of register D, to bat-
tery and ground. For eacﬁ impulse trans-
mitted in the tens series, the stepping mag-
net 314 energizes and deenergizes to-cause
the progressive advance of the brushes of the
register - ID. At the end of the tens series
of impulses, the side switch stepping magnet
805 becomes deenergized and advances the

brushes of the side switch to their fifth-

position. .

The calling subscriber finally operates his
impulse transmitter in accordance with the
units digit to cause the setting of the reg-
ister B. In a manner similar to that already
described, relay 300, by retracting its arma-
ture at each impulse of the units series, com-
pletes a ‘circuit including the brush 834 in
its fifth position, for the energization of the
stepping magnet 315. Magnet 315 causes
the advance of the brushes of register E.
At the termination of the units series of im-
pulses, the stepping magnet 305 becomes de-
energized and the brushes of the side switch
move out of their fifth position. The sta-
tionary terminals of the side switch bank
are so arranged that when one end of each
brush moves out of position 5, the opposite
end engages the first terminal on the right-
hand side of the bank. The registers of the
controlling mechanism have thus been posi-
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tioned in accordance with the several digits
of the desired designation.

The controlling mechanism is so arranged
that brush and group selection of the first
group selector switch may commence as
soon as the first two registers, A and B,
have been positioned by the calling subscrib-
er’s transmitter. It will be recalled that at
the completion of the setting of the second
register B the sequence switch 310 advanced
into position 5. With sequence switch 810 in
position 5 a fundamental circuit for control-
ling brush selection is completed from bat-
tery through the left-hand winding of relay
202, lower right-hand contact 213 (8), brush

-249, upper left-hand contact 339 (5 to 13),

upper right-hand contact 339 (5 to-6), wind-
ing of stepping relay 362, left-hand arma-
ture and contact of the 0’ counting relay 376,
upper right-hand contact 341 (5), lower
left-hand contact 341 (5 to 7), resistance 377
to ground. Relays 202 and 862 become en-
ergized in this circuit. Relay 202 completes
a circuit from ground through its right-
hand armature and front contact, lower con-
tact 205 (3) winding of sequence switch
magnet 210, to battery and ground. Se-
quence switch 210 moves out of position 3
and into position 4. Relay 202 remains en-
ergized in position 4 of sequence switch 210
by meaxns of a circuit from battery through
its left-hand winding, upper right-hand
contact 206 (1 to 9), front contact and left-
hand armature of relay 202, upper left-hand
contact 213 (3 to 6), and thence to ground
as above traced. With sequence switch 210
in position 4 a circuit is closed for the up-
drive power magnet 225 to cause the upward
movement of the brush shaft 259 in itg
brush-selecting operation. The circait of
magnet 225 may be traced from battery
through the winding of said magnet, upper
right-hand contact 224 (4), to ground at the
front contact and right-hand armature of
relay 202. For each brush-tripping position
approached by the shaft 259, the brush 235
engages a metallic segment of the commu-
tator 229. A circuit is thereby closed from
battery through the left-hand winding of
relay 202, upper right-hand contact 208 {1
to 9), front contact and left-hand armaturs
of relay 202, upper left-hand contact 222 (3
to 9), lower left-hand contaet 222 (3% to 4),
conductor 260, commutator 229, brush 235
to ground. This direct circuit to ground
maintains the energization of relay 202 and
at the same time causes the shunting of the
stepping relay 362 in the fundamental cir-
cuit. When relay 362 first energizes in series
with relay 202, a circuit is closed from
ground through the lower left-hand contact
343 (1% to 18), upper right-hand contact
343 (5), armature and contact of stepping
relay 362, conductor 378, lower left-hand
contact 344 (5), upper right-hand contact
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844 (8), brush 319 of register A, stand'mg in

its fifth position for ezample, conductor
358, armature and back contact of the pum-
ber 17 counting relay 879, winding of the
number 1, counting relay 380 to battery and
ground. Relay 380 energizes and prepares
a circuit from battery through the winding
of relay 380, armature and contact of said
relay, winding of relay 879, back contact and
right-hand armature of relay 376, lower con-
tact and armature of relay 861 to ground.
Relay 361, it will'be observed, is energized
at this time by means of a circuit from bat-
tery through the winding of said relay, up-
per right-hand contact 842 (5), upper left-
hand contact 342 (5 to 15), right-hand arma-
ture and contact of relay 301, lower lefi-
hand contact 804 (3 to 18), to ground. The
number 1’ counting relay 379 does not ener-
gize at this time In series with relay 380
sinece it is shunted out by the direct circuit
to ground, closed at the armature and con-
tact of the stepping relay 362. As soon as
the brush 235 engages the first metallic seg-
ment of the commutator 229 in the upward
movement of the switch shaft 259, stepping
relay 862 is deenergized as explained. Relay
879 is energized and locks up in series with
relay 380 in the circuit traced. As brush
235 disengages the first metallic segment of
the commutator stepping relay 862 again
becomes energized. The stepping circuit is
now closed by way of register brush 319,
conductor 353, armature and front contact
of relay 379, winding of the number 0 count-
ing relay 881, to battery and ground. Re-
lay 381 emergizes and prepares a locking
circnit for itself in series with the number ¢°
counting reley 376. As scon as the next
metallic ssgment of the commutator is
reached by brush 235, stepping relay 362 de-
energizes and relays 381 and 376 lock up in
the eircuit closed to ground at the armature
and contact of relay 361. The operation of
relay 876 opens the holding circuit of relays
380 and 379, permitting these relays to re-
lease. Relay 876, at its left-hand armature.
opens the fundamental circuit and at its
right-hand armature and front contact, com-
pletes a circuit from ground through the
armature and lower comtact of relay 361,
conductor 382, back contact and outer arma-
ture of relay 307, winding of sequence switch
megnet 310 to battery and ground. Se-
quence switch 310 advances from position 5
inte position 6. In passing from position 5
to position 6, the upper right-hand contacs
342 is momentarily opened to permit the de-
energization of relay 361. Relay 361, by ve-
leasing its armature, opens the locking cir-
cuit of relays 381 and 876. TIn position 6 of
sequence switch 310, the upper right-hand
contact 342 is again closed and relay 361
becomes energized. As soon after the funda-
mental circult is opened at the left-hand

e

armature and contact of relay 876, as brush
235 engages an insulating segment of the
commutator 229, relay 202 deenergizes and
completes a cirenit from ground through its
right-hand armature and back contact, up-
per contact 205 (4), winding of sequence
switch magnet 210 to battery and ground.
Sequence switch 210 thereupon moves from
position 4 into position 5. ‘

With sequence switch 210 in position 5
and sequence switch 310 of the controlling
mechanism in position 6, the fundamental
circuit is again established for controlling
the group selecting movement of the switch.
The only difference is that the fundamental
circuit 1s now closed in position 5 of se-
quence switch contact 213 and in position 6
of sequence switch contact 341. Relay 202
becomes energized and completes a circuit
from ground through its right-hand arma-
ture and front contact, lower contact 205
(5), winding of sequence switch magnet 210
to battery and ground. Sequence switch 210
is driven from position 5 into position 6. In
position 6 relay 202 is maintained energized
by means of the above described circuit in-
cluding its left-hand winding and armature
and upper left-hand contact 213 (3 to 6).
With sequence switch 210 in position 6, the
updrive power magnet 225 is energized to
causs the advance of the brush shaft 259
in the group-selecting movement of the
switch. The circuit of magnet 225 is trace-

able from battery through the winding of

said magnet, upper right-hand contact 224
(6), to ground at the front contact and

-right-hand armature of relay 202. In po-

sition 5 of sequence switch 310, the trip
magnet 277 is energized by means of a cir-
cuit from battery through the winding of
said magnet, upper right-hand contact 223
(5 o 8), to ground. Magnet 277 operates to
trip the selected set of brushes 240, 241 and
242, Yo make engagement with the trunk ter-
minals in the bank.
241 and 242 approach each successive group
of terminals in the section to which they
have access, brush 234 engages a metallic
segment of the group-selecting commutator

280. A circuit is thereby closed from bat- 11

tery through the left-hand winding of relay
202, upper right-hand contact 206 (1 to 9),
front contact and lefi-hand armature of re-
lay 202, lower right-hand comntact 208 (5%
o 8}, conductor 261, commutator 230, brush
234 to ground. This direct cirenit to ground
meintains the energization of rslay 202 and
at the same time shunts the stepping relay
862 in the fundamental circuit. Relay 362,

which energizes simultansously with relay 1

202, completes a cirenit from ground
through the upper right-hand contact 304
{6), contact and armature of relay 362, up-
per lefi-hand contact 344 {8}, lower right-

hand contact 344 (6), brush 318 of the reg- 1
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b

88

20

95

100

120



10

15

20

25

30

36

40

48

60

56

80

~ 202. The brus

a8

ister A standing in its fifth position, con-
ductor 354, winding of the 0 counting relay
381 to battery and ground. Relay 381 en-
ergizes and prepares a locking circuit for
itself and the 0’ counting relay 876 as de-
scribed. When brush 234 engages the first
metallic segment of commutator 230, relay
362 deenergizes and permits the -energiza-
tion of relay 376 in series with relay 881.
Relay 376 opens the fundamental circuit
and also completes a circuit from ground
through the armature and lower contact of
relay 361, right-hand armature and front
contact of relay 376, conductor 382, back
contact and outer armature of relay 307,
winding of sequence switch 810, to battery
and ground. Sequence switch 310 moves out
of position 6 and into position 7. In leav-
ing position 6, contact 342 opens the circuit
of relay 361 which, by deenergizing, causes
the release of the counting relays 381 and
376. As soon as the fundamental circuit is
oiaened by the counting relay 376, as the
brush 234 engages an insulated segment of
the commutator 230, relay 202 becomes de-
energized and completes a circuit from
ground through its right-hand armature
and back contact, upper contact 205 (6),
winding of sequence switch magnet 210, to
battery and ground. Sequence switch 210
advances from position 6 into position 7.
With sequence switch 210 in position 7,
relay 202 is immediately energized by means
of a circuit from battery through the right-
hand winding of seid relay, upper right-
hand contact 219 (7 to 71), upper left-hand
contact 219 (7 to 10), conductor 262, brush
251, upper left-hand contact 341 (7 to 13),
lower left-hand contact 341 (5 to.7), resist-
ance 377 to ground. Relay 202 completes a
circuit from gmund through its right-hand
armature and front contact, lower contact
205 (7), winding of sequence switch 210, to
battery and ground for moving said sequence
switch out of position 7 and into position 8.
If the first trunk in the selected group, upon
the terminals of which brushes 240, 241 and
242 are wow standing, is busy at this time,
relay 202 remains energized in position 8 of
sequence switch 210 by means of the follow-
ing circuit: battery, through the left-hand
winding of relay 202, upper right-hand con-
tact 206 (1 to 9), front contact and left-hand
armature of relay 202, upper left-hand con-
tact 222 (3 to 9), test brush 249, to the
grounded test terminal 245 of the busy
trunk. Relay 202, by remaining energized,
provides a circuit for the up-drive power
magnet 225, traceable from battery through
the winding of said magnet, upper right-
hand contact 224 (8), to ground at the front
contact and ri%ht-hand armature of relay
) h shaft 259 is again moved
upward in the trunk-hunting operation.
pon engagement of the brushes 240, 241 and
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242 with terminals 243, 244 and 245 of an
idle trunk in the group, no ground potential
is found ‘on test terminal 245 and the above-
traced circuit of relay 202 is opened. Relay
202, however, remains energized by means of
a circuit from battery through the right-
hand winding of said relay, upper right-hand
contact 203 %8), conductor 263, commutator
231, brush 237 to ground. When the brushes
240, 241 and 242 are accurately centered on
the terminals of the idle trunk, brush 237 en-
gages an insulating segment of commutator
231 and relay 202 deenergizes to open the cir-
cuit of power magnet 225. Relay 202, by de-
energizing, also completes a circuit from
%round through its right-hand armature and
ack contact, upper contact 205 (8 to 10),
winding of sequence switch magnet 210, to
battery and ground. Sequence switch 210
energizes in this circuit and leaves position 8.
As soon as sequence switch 210 reaches po-
sitfion 84, a path is closed from ground,
through brush 236, commutator 232, com-
ductor 264, lower right-hand contact 222 (8%
to 18}), test brush 242, to test terminal 245 of
the seized trunk. The application of this

round to the multiples at terminal 245 ren-

ers the trunk non-selectable to other group
selector switches.

It may be well to explain at this point that
the commutator 232 comprises a metallic
strip having a series of openings or insulat-
ing portions 2383. The insulating segments
233 are so arranged with respect to the move-
ment of the switch that the brush 236 is al-
ways in engagement with the metallic por-
tion of the commutator 232 while brushes
240, 241 and 242 are in engagement with any
set of trunk terminals in the group. If,
however, brushes 240, 241 and 242 find all
trunks in a given group busy, they are driven
over the entire group and come to rest in the
over-flow position at which time the brush
236 passes off the metallic portion of the
commutator 232 and engages an insulating
segment 233,

As sequence switch 210 passes through po-
sition 8§ a circuit is momentarily closed
from ground through brush 236, commu-
tator 232, conductor 264, upper right-hand
contact 213 (8§), brush 249, upper left-hand
contact 339 (5 to 13), lower left-hand con-
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tact 839 (7 to 13), winding of relay 308 to -

battery and ground. Relay 808 becomes en-
ergized and locks up in @ circuit from bat-
tery through the winding of said relay,
lower contacts 339 (7 to 18) to ground at
the left-hand armature and contact of relay
308. When sequence switch 210 later ar-

‘rives in position 94, relay 202 is energized

by means of a circuit from battery through
the left-hand winding of said relay, lower
right-hand contact 213 (9% to 10), brush 249,
upper left-hand contact 339 (5 to 18), lower
right-hand contact 339 (7 to 13), to ground
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at the left-hand armature and contact of

relay 303. Relay 202 attracts its right-hand.

armature and opens the driving circuit of
sequence switch 210 whereby said sequence
switch comes to rest in position 10. elay
303 also completes a circuit from ground
through the lower right-hand contact 304
(7), front contact and inner right-hand
armature of relay 303, conductor 373, wind-
ing of sequence switch magnet 310, to bat-
tery and ground. Sequence switch 810 ad-
vances from position 7 into position 8.
Should, at this time, the calling subscriber
not have completed the setting of the last
three registers, C, D and E, the side switch,

" F is standing in either its third, fourth or

20

30

36

40

fifth position. In either case relay 307 is
energized by means of a circuit from
ground', brush 837 in its third, fourth or

fth position, contact 345 (7 to 8), winding
of relay 307, to battery and ground. If, how-
ever, the registers have all been set or as soon
as the setting of such registers is completed,
relay 307 is deenergized and a circuit is
completed from battery through the winding
of sequence switch magnet 310, outer arma-

ture and back contact of relay 307, lower

left-hand contact 347 (8) to ground. Se-
quence switch 310 thereupon advances into
position 9.

With sequence switch 310 in position 9
and sequence switch 210 in position 10, a
fundamental circuit is completed through to
the second group selector shown in Fig. 4 for

- controlling the brush-selecting .operation.

This~circuit may be traced from battery
through the left-hand winding of relay 403,
lower right-hand contact 404 (1), upper
left-hand contact 404 (1 to 4), conductor
401, termina] 244, brush 241, upper right-
hand contact 220 (10 to 18), lower left-hand
contact 220 (10), conductor 265, brush 250,

. winding of the stepping relay 862, left-hand

45

armature and contact of relay

376, upper
right-hand contact-341 (9),

upper’ left-hand

~-contact 341. (7 to 13), brush 251, conductor
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262, upper left-hand contact 219 (7 to 10),
lower right-hand contact 219 (10 to 6),
brush 240, terminal 248, conductor 400, lower
left-hand contact 411 (15 to 8), upper right-
hand contact 411 (1 to 8), resistance 413, to
ground. Relays 403 and 362 become ener-
gized in this circuit. Relay 403 completes
a circuit fromground through its right-
hand armature and front contact, upper con-
tact 417 (1), winding of sequence switch 410,
to battery and ground. Sequence switch 410
advances from position 1 into position 2. In
position 2 of sequence switch 410, relay 403
remains energized by means of a circuit
from battery through its left-hand winding
and front contact and left-hand armature,
and upper left-hand contact 404. (1 to 4),
and thence to ground as described. Relay
403 also provides a circuit for the up-drive

power magnet 418 as follows: battery,
through the winding of said magnet, lower
contact 417 (2), to ground at the front con-
tact and right-hand armature of relay 403.
Power magnet 418 causes the advance of the
switch shaft 439 in the brush-selecting move-
ment. For each brush-tripping position ap-
proached by the shaft 439, brush 425 en-
gages a metallic segment of commutator 421
and a circuit is closed from battery, through
the left-hand winding and front contact and
left-hand armature of relay 403, upper left-
hand contact 414 (14 to 2), commutator 421,
brush 425, to ground. This circuit main-
tains the emergization of relay 403 and
causes the shunting of the stepping relay

-362 in the fundamental circuit.

When the stepping relay 362 is energized
in series with relay 403, a circuit is com-
pleted from ground, through the lower
left-hand contact 343 (12 to 18), upper
right-hand contact 343 (9), armature and
contact of relay 862, conductor 378, lower
left-hand contact 344 (9), conductor 383,
upper right-hand contact 351 (9 to 10), up-
per left-hand contact 351 (9), brush 321 of
the second register B, standing in position
5 for example, conductor 855, armature and
back contact of number 8’ counting relay
384, winding of the number 8 counting relay

385, to battery and ground. Relay 385 en-.

ergizes and prepares a locking circuit for
itself and relay 384, relay 861 being ener-
gized at this time by the closure of sequence
switch contact 342 in position 9. For each

* metallic segment encountered by the brush

425, relay 362 is deenergized and a pair of
counting relays are energized and locked
up. When the 0’ counting relay 876 is

finally operated, the fundamental circuit is-

opened and a circuit is also completed from
ground through the armature and lower
contact of relay 361, right-hand armature

-and front contact of relay 376, conductor

382, back contact and outer armature of
relay 307, winding of sequence switch 310,

to. battery and ground. Sequence switch -

310 moves from position 9 into position 10.
Relay 361 becomes deenergized as sequence
switch 310 leaves position 9 and again en-
ergized in position 10 of said sequence
switch. The momentary release of relay 361
permits the deenergization of the counting
relays. - As soon after the fundamental ecir-
cutt is opened at the controlling mecha-
nism, as the brush 425 engages an insulating
segment of the commutator 421, relay 403
becomes deenergized and opens the cirenié
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of power magnet 418. Relay 403 also com-

pletes a circuit from ground, through its

right-hand armature and back contact, up-

per right-hand contact 405 (2), winding of
sequence switch 410, to battery and ground
for driving said sequence switch out of

position 2 and into position 3, When se- 1
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quence switch 410 reaches position 2, a cir-
cuit is closed from battery through the
winding of relay 406, upper right-hand
contact 407 (2 to 11), lower left-hand con-

tact 407 (2), to ground. Relay 406 becomes

energized and closes a locking circuit for
itself, traceable from battery, through the
winding of said relay, upper right-hand
contact 407 (2 to 11), front contact and
left-hand armature of relay 406, conductor
402, terminal 245, brush 242, lower right-
hand contact 222 (8% to 13%), conductor 264,
over-flow commutator 232, brush 236, to
ground. ' ) ' :

In position 10 of sequence switch 810, and

_ position 3 of sequence switch 410, the funda-
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mental circuit is again closed and relays 403
and 362 become energized. Relay 403 com-
pletes a circuit from ground through its
right-hand armature and front contact,
upper contact 417 (3), winding of sequence
switch magnet 410 to battery and ground
for driving sequence switch 410 out of posi-
tion 3 and into position 4. Relay 403 re-
mains energized in position 4 by means of
the circuit closed from battery through its
left-hand winding and front contact and
left-hand armature and sequence switch
contact 404. Relay 403 provides a circuit
for the up-drive power magnet 418 as fol-
lows: battery, through the winding of said
magnet, lower contact 417 (4), front con-
tact and right-hand armature of relay 403
to ground. The trip magnet 420 is ener-
gized at this time by means of a circuit
from battery through the winding of said
magnet, lower right-hand contact 416 (3
to 4), to ground. The selected set-of brushes
427, 428 and 429 are thereby tripped into
engagement with the terminals of the bank.
As the brush shaft 439 advances under the
control of power magnet 418 in the group-
selecting movement, the brush 424 succes-
sively engages the metallic segments of the
group-selecting commutator 422. By this
means a circuit is closed from battery

_through the left-hand winding and front

50

55

contact and left-hand armature of relay
403, upper right-hand contact 414 (32 to 4),
commutator 422, brush 424 to ground. This
direct circuit to ground maintains the en-
ergization of relay 403 and also causes the
shunting of -the stepping relay 862 in the
fundamental circuit. The stepping relay
362, on energizing in series with relay 403,

- completes a circuit from. ground, through

60

the upper right-hand contact 304 (10), con-
tact and armature of relay 362, upper left-
hand contact 344 (10), conductor 383, up-
per right-hand contact 851 (9 to 10), lower
left-hand contact 851 (10 to 8), brush 320

- of register B standing in its fifth position,

L

upper right-hand contact 352 (10), brush
325 of register C, standing in positien 3 for
example, conductor 355, armature and back

1,464,726

contact of counting relay 384, winding of
relay 385, to battery and ground. Relay
385 energizes and prepares a locking cir-
cuit in the manner well understood. For
each group of terminals passed over by the
brushes 427, 428 and 429 the stepping relay
362 is operated and a pair of counting relays
is energized and locked up. When the ¢/
counting relay 376 is finally operated, the
fundamental circuit is severed at the con-
trolling mechanism and a circuit is also
completed from ground, through the arma-
ture and lower contact of relay 361, right-
hand armature and front contact of relay
376, conductor 382, back contact and outer
armature of relay 307, winding of sequence
switch 310, to battery and ground. Se-
quence switch 310 advances from position
10 into. position 11. In passing from posi-
tion 10 to position 11, sequence switch con-

tact 342 momentarily opens the circuit of

relay 361 which by deenergizing causes the
release of the counting relays. As soon as
the brush 424 encounters the next insulating
segment of commutator 422 after thé open-
ing of the fundamental circuit at the count-
ing relays, relay
and opens the circuit of the power magnet
418. Relay 403 also completes a circuit
from ground, through its right-hand arma-
ture and back contact, upper right-hand
contact 405 (4), winding of sequence switch
410 to battery and ground.
switch 410 moves from
sition 5.

In position 3 of sequence switch 410, relay
403 is energized by means of a circuit from
battery through the right-hand winding of
said relay, lower right-hand contact 409
(5 to 51), to ground. Relay 408 completes
a circult from ground, through its right-
hand armature and front contact and
sequence switch contact 417 for driving
sequence switch 410 out of position 5 into
position 6. If the first trunk in.the selected
group, upon the terminals of which brushes
427, 428 and 429 are now standing, is busy,
relay 403 remains energized in position 6
of sequence switch 410 by means of the fol-
lowing circuit: battery, through the left-
hand winding and front contact and left-
hand armature of relay 403, upper right-
hand contact 404 (5 to 6}), test brush 429,
test terminal 432 of the busy trunk and
thence by way of the test brush 429 at some
other selector switch, to ground at a con-
tact corresponding to contact 416, closed in
position 6} to 161. Relay 408 provides a
circuit from battery through the winding
of power magnet 418, lower contact 417
(6), front contact and right-hand armature
of relay 403 to ground. . The brush shaft

'439 is, therefore, driven upward in the

trunk-hunting movement. When brushes

427, 428 and 429 engage the terminals 430,

403 becomes deenergized’

Sequence
position 4 into po-
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431 and 432 of an idle trunk, the circuit of
relay 403 is opened since no ground poten-
tial is found on the test terminal 432. Re-

lay 403 is held energized, however, by means .

of 2 circuit from battery through the right-

hand winding of said relay, conductor 440,

commutator 423, brush 426 to ground, until
the brushes 427, 428 and 499 are accurately
centered on the terminals-of the idle trunk.
At this time, brush 426 engages an insulat-
ing segment of commutator 428 and relay
408 retracts its armatures to open the cir-
cuit of the up-drive power magnet 418.
Relay 403 also completes a circuit ncluding
its right-hand armature and back contact
and contact 405 (6) for driving sequence
switch 410 out of position 6 and into posi-
tion 7. On reaching position 62, upper con-
tact 416 is closed to apply ground potential

over the test brush 429 to the test terminal

432 of the seized trunk to render such trunk
non-selectable to other switches.. In posi-
tion 7 of sequence switch 410 a cirenit is
established from battery, through the left-
hand winding of relay 403, lower right-
hand contact 404 (7), lower right-hand con-
tact 414 (7 to 8), brush 427, terminal 480,
conductor 500, upper left-hand contact 503
%1 to 8) of sequence switch 510, to ground:

elay 403 becomes energized and locks up
in a_circuit from battery through its left-

hand winding and front contact and left- .

hand armature to ground over the circuit
traced. Relay 403 closes a circuit including
its right-hand armature and front contact
and upper contact 417 (7), for driving
sequence switch 410 into position 8. -

ith sequence switch 310 in position 11
and sequence switch 410 in position 8 the
fundamental circuit is extended through
to the final selector for controlling brush se-
lection. This circuit may be traced from
battery, through the ieft-hand winding of
relay 505, lower right-hand contact 506 (1

‘to 8%) ‘lower right-hand contact 507 (1),

lower left-hand contact 504 (1 to 6), con-
ductor 501, terminal 431, brush 428, upper
thence over the path described, through the
stepping relay 862 and re-
of conductor 400, lower left-
hand contact 411 (15 to 8), upper right-

hand contact. 411 (1 to 8), resistance 413 to’

ground. Relays 505 and 862 become ener-
gized." Relay 505 closes a circuit from

- ground through its right-hand armature and

60

iront contact, lower left-hand contact 512
(1), winding of sequence switch magnet 510,
to battery and ground. Sequence switch 510
moves from position 1 into position 2. In
position 2 of sequence switch 510, relay 505

. 1s maintained energized by means of 2 cir-

cuit from battery, through the left-hand
winding of said relay, lower right-hand con-
tact 506 (1 to 8%), front contact and left-

SININ

hand armature of relay 505, lower left-hand
contact 504 (1 to 6), and thence to ground
as described. Relay 505 provides a circuit
for the high speed up-drive power magnet
514 as follows: battery, through winding of
magnet 514, lower right-hand contact 512

(2), front contact and right-hand armature

of relay 505 to ground. The brush shaft 531
of the final selector is driven upward in the
brush-selecting operation. -Each time the
brush 521 encounters a metallic segment of

‘the brush-selecting eommutator 519, a cir-

cuit is closed from battery, through the left-
hand winding of relay 505, lower right-hand
contact 506 (1 to 8%), front contact and left-
hand armature of relay 505, lower left-hand
contact 504 (1 to 6), lower right-hand con-
tact 504 (1% to 2), commutator 519, brush
521 to ground. This circuit holds the relay
505 energized and also serves to shunt the

stepping relay 362 in the fundamental cir.

cuit. When relay 862 first energizes in
series with relay 505, a circuit is completed
from ground, through the lower left-hand
contact 343 (12 to 18), upper right-hand
contact 343 (11), armature and contact of
relay 362, .conductor 378, lower left-hand
contact 344 (11), conductor 383, lower right-
hand contdct 850 (11), brush 327 of register
C standing in its third position, conductor
358, armature and back contact of the num-
ber 4’ counting relay, winding of the num-

ber 4 counting relay 386, to battery and

ground. Relay 386 energizes and upon the
first deenergization of the stepping ' relay

862, locks upin series with the number 4’
counting relay as above expiained. For each -

brush-tripping position assumed by the
switch shaft 531, a pair of counting relays
is energized and locked up. When finally
the 0" counting relay 876 becomes energized,
the fundamental circuit is opened and all
counting relays preceding the 0 counting
relays are released. Relay 876 also com.
pletes a circuit from ground through the
armature and lower contact of relay 361,
right-hand armature and front contact of
relay 876, conductor 382, back contact and
outér armature of relay 307, winding of se-
quence switch magnet 310, to battery and
ground. Sequence switch 310 advances into
position 12. In passing from position 11 to
position 12 the contact 342 opens to permit
the momentary release of relay 361. The
velay 861 permits the release of the 0 and
0’ counting relays. '

As soon after the fundamental circuit is
opened at the 0" counting relay, as the brush
521 engages an insulating segment of the
commutator 519, relay 505 becomes deener-
gized and opens the operating circuit of
the power magnet 514. Relay 505 also com-
pletes a circuit from ground, through its
right-hand armature and back contact, con-
tact 511 (2), winding if sequence switch

N
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magnet 510, to battery and ground for driv-
ing sequence switch 510 out of position 2 and
into position 3. In position 3 of sequence
switch 510 a circuit is completed from bat-
tery through the winding of the trip mag-
net 517, upper right-hand contact 513 (3
to 4), to ground. Magnet 517 operates to
trip the selected set of brushes 524, 525 and
526.

With sequence switch 810 in position 12
and sequence switch 510 in position 3, the
fundamental circuit is again closed in the
manner described, and relays 505 and 362 be-
come energized. Relay 505 locks up over its
left-hand armature and front contact, as ex-

- plained, and also provides a circuit includ-

20

25

ing its right-hand armature and front con-
tact and contact 512 (3) for driving sequence
switch 510 out of position 3 and into position
4. In position 4 of sequence switch 510, the
high speed up-drive power magnet 514 is
again energized to cause the advance of the
shaft 531 in the greup-selecting movement
of the switch. For each metallic segment
of the group-selecting commutator 520, en-
countered by the brush 522, a circuit is closed
from battery through the left-hand winding
of relay 505, lower right-hand contact 506
(1 to 8%), lower left-hand contact 506 (3% to
4), commutator 520, brush 522, to ground.
This circuit maintains the energization -of
relay 505 and at the same time causes the
shunting of the stepping relay 862 in the
fundamental circuit. Relay 362 on first en-
ergizing in position 12 of sequence switch

* 810, completes a circuit from ground through

40

the upper right-hand contact 804 (12), con-
tact and armature of relay 362, upper left-
hand contact 344 (12), conductor 383, upper
left-hand contact 350 (12), brush 329 of reg-
ister D, standing in position 8 for example,
conductor 354, winding of the 0 counting
relay 381, to.battery and ground. Relay

* 381 is energized and upon the first shunting

45

of relay 362, relays 381 and 876 lock up in

- series with each other. Relay 376 opens the

50

55
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60

fundamental circuit and at the same time
completes the circuit already described for
advancing sequence switch 810 out of posi-
tion 12 and into position 13. In passing
from position 12 to position 13 contact 342
opens to permit the momentary deenergiza-
tion of relay 361 which in turn opens the
holding circuit of the 0 and 0’ counting re-
lays. As soon after the fundamental circuit
has been opened at the controlling meécha-
nism, as brush 522 engages an insulating por-
tion of commutator 520, relay 505 is deener-
gized to open the operating circuit of the
power magnet 514. Relay 505 also com-

pletes a circuit including its right-hand ar-

mature and back contact and contact 511 (4),
for driving sequence switch 510 into posi-
tion 5. ! : o

In position 5 of sequence switch 510 the

1,464,726

-

fundamental circuit is closed for the final or
units selection and relays 505 and 362 become
"energized. Relay 505 causes the advance of
sequence switch 510 from position 5 into po-
sition 6, as explained. In position 6 of se-
quence switch 510 a circuit is closed for the
low speed up-drive power magnet 515 from
battery, through the winding of said magnet,
upper right-hand contact 512 (8), to ground
at the front contact and right-hand -arma-
ture of relay 505. Brushes 524, 525 and 526
are thereby driven at low speed over the ter-
minals of the selected group of ten lines.
For each set of terminals engaged, the brush
521 makes contact with the metallic segment
of the commutdtor 519, whereby a circuit is
closed from battery through the left-hand
winding of relay 508, lower right-hand con-
tact 506 (1 to 8}), front contact and left-
hand armature of relay 505, lower left-hand
contact 504 (1 to 6), lower right-hand con-
tact 504 (5% to 6), commutator 519, brush
521, to ground. This circuit maintains the
.energization of relay 505 and causes the
shunting of the stepping relay 362 in the
fundamental circuit. When the stepping re-
lay 362 first becomes energized in position
~ 13 of sequence switch 310, a circuit is com-
pleted from ground through the lower left-
‘hand contact 343 (1% to 18), upper right-
- hand contact 343 (13), armature and contact

‘of relay 362, conductor 378, lower left-hand’

contact 344 (13), conductor 383, upper right-
hand contact 350 (18), brush 832 of the reg-
ister E, standing in its third position for
- example, conductor 354, winding of the 0
counting relay 381, to battery and ground.
Upon the first shunting of the stepping re-
lay 362, relays 381 and 376 lock up 1n series

with each 'other and the fundamental circuit

is opened. Relay 376 also completes the
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above-described -circuit for advancing se-

quence switch 310 out of position 13. Con-
_tact 342 opéns on, leaving position 13 and re-
- lay 361 and the 0 counting relays become de-

energized. As soon after the fundamental
circuit is opened at the controlling mecha-
nism, as the brushes 524, 525 and 526 are ac-

curately centered upon the terminals 527, 528

and 529 of the called line, brush 521 moves -
upon an insulated segment of commutator

519 and relay 505 is deenergized. Relay 505
opens the circuit of the up-drive power mag-
net 515 and completes a circuit including its
right-hand armature and back contact and
contact 511 (6), for driving sequence switch
510 into position 7. Before continuing with
the operations involved in testing the called
line and applying ringing current thereto
for signaling the called substation, a descrip-
tion will be given of the release of the reg-
“ister-controlling mechanism,; and the man-
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ner in which sequence switch 210 of the first

group selector advances to prepare the talk-
- ing circuit at such selector in response to the
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release of the register-controlling mecha-
nism.

The units selection having been com-

pleted, sequence switch 310 is driven out of
position 13 as explained. In leaving posi-
tion 18, contact 339 opens the holding cir-
cuits of relays 303 and 202. Relay 202 de-
energizes and closes 2 circnit from ground
through its right-hand armature and back
contact, upper ‘contact 205 (8 to 10), wind-
ing of sequence switch magnet 210, to bat-
tery and ground. Sequence switch 210
leaves position 10 and advances into posi-
tion 12. Before sequence switch 210 can
reach position 12, however, sequence switch
310 at the register-controlling mechanism
will have reached position 13% to close the
following circuit: battery, through resist-
ance 309, lower left-hand contact 308 (1%
to 18%), inner left-hand armature and con-
tact of relay 364, lower left-hand contact
371 (13% to 183)" to ground. This direcs
circuit to ground shunts out the relay 211
which, up to this time, has been maintained
energized in the circuit traced over con-
ductor 3872. Relay 211 consequently de-
energizes and closes the following circuit for
relay 215 in series with the callin line:
battery, through the left-hand win ing of
relay 215, upper contact 218 (102 to 133),
contact 266, conductor 201, thence over the
loop of the calling line and returning by
way of conductor. 200, contact 267, contact
217 (10 to 18}), right-hand winding of re-
lay 215 to ground. Relay 215 energizes and
sequence switch 210, on later reaching posi-
tion 12, comes to rest.

Relay 211, by retracting its right-hand

armatures, opens the circuit of impulse re-
lay 800. Relay 2300 deenergizes and afier

a short interval the slow-to-release relay 301
retracts its armatures. When sequencs
switch 310 reaches position 18, a circuit is
completed from battery through the wind-
ing of relay 306, make-before-break contach
of relay 801, lower lefi-hand contact 304,
{8 to 18) to ground. Since the brushes of
the side switch F are in engagement with
the first position contacts on the right-hand
side of the bank, a cireuit is now. compieted
for the restoration to normal of the first
register A. This
battery, through the winding of stepping
magnet 311, brush 334, standing in its first
restoring position, winding of relay 302,
left-hand armzture and front contact of
relay 308, brush 335, Svst restoring position,
conductor 387, brush 316, armature and
contact of stepping magnet 311 to ground.
Relay 302 and megnet 311 ener ize in this

circuit. Relay 302 closeés the above-traced
circuit for stepping magnet 305 of the side
switch. The stepping magnet 311 opens

its own circuit, deenergizes and advances the

- brushes of the register A one position. The

circuit may be traced from.

magnet 311, on deenergizing, completes its
own circuit whereupon it again operates to

advance the brushes another step. During

the interruptions of the circuit of magnet

311, relay 302 remains energized to main--

tain the energization of the side switch step-
ping magnet 305. When the register has
been completely restored to its normal po-
sition the brush 316 moves off the last termi-
nal in the bank and the cireuit of magnet
311 and relay 302 is permanently opened,
After an interval relay 302 deenergizes and
the stepping magnet 305 in turn operates to
advance the brushes of the side switch to the
second restoring position. In this position
of the side switch, & circuit is completed
from battery through the winding of step-
ping magnet 312 of register B, brush 334,
second restoring position, winding of relay
302, left-hand armature and front contact
of relay 306, brush 335, second restoring
position, conductor 388, upper lefi-hand
contact 352 (11 to 8), brush 320, position 5,
lower left-hand contact 851 (10 to 8), lower
right-hand contact 851 (11 to
ture and contact of magnet 312 4o ground.
Magnet 312 and relay 802 become energized.
Magnet 812 interrupts its own circuit and
advances the brushes of the second register
B one position forward. The cireuit for
magnet 812 is' now closed from battery
through the winding of said magnet, brush
334, second restoring position, winding of
reley 302, left-hand armature and front con-
tact of relay 308, brush 335, second restor-
ing position, conductor 388, brush 320, posi-
tion 8, lower lefi-hand contact 351 (10 to 8),
lower right-hand contact 351 (11 to 18),
armature and
ground. Wagnet 312 again energizes and
interrupis its own circuit te advence the
brushes of the register another position.
this manner the second register B is restored
o its mormal position at which time relay
302 deemergizes to permit the 3
magnet 305. The side switch is thershby ad-
vanced to its third restoring position.
2 similar manner the three remeining regis-
ters, C, D and E, are returned to their nor-
mel positions at which time the brushes of
the side switch will have reached their nor-
mal positions, as shown in the drawing. A
circuit is now completed from battery
through the winding of sequence switch
magnet 310, upper left-hand contact 346
{ 18%? brush 337 and its normally positioned
contact to ground. Sequence switch 3810
moves into position 1, thus completing the
restoration of the register-controlling mech-
anism to ifs normai condition. )
Returning now ¢o the point at which the
units selection had been completed at the
final switch, 2 description will be given of the
testing and ringing operations. When so-
quencs switch 510 reaches position 7, o cip-

En

In

18), armsa- ¢

- 201
reiesse of

70

75

80

85

05

contact of magnet 321 ‘o )

120

125

b
)
=1



10

16

20

26

30

36

40

45

60

85

80

86

14

cuit is completed from battery, through the
right-hand winding of relay 505, resistance
532, lower contact 509 (7), to ground. Re-
lay 505 becomes energized and closes a cir-
cuit including its right-hand armature and
front contact and contact 512 for driving
sequence switch 510 into position 8. Assum-
ing the called line 530 to be idle at this time,
relay 505 immediately deenergizes as soon as
sequence switch 510 leaves position 7. In
position 8 of sequence switch 510 a circuit is
closed by way of contact 533 (8), for driving
said sequence switch into position 9. A cir-
cuit is then completed from ground, through
the right-hand armature and back contact of
relay 505, contact 511 (9 to 17), winding of
sequence switch magnet 510 to battery and
ground. Sequence switch 510 leaves position
9. On reaching position 12, contact 509
bottom is closed and relay 505 attracts its
armatures. At its right-hand armature and
back contact, said relay opens the circuit of
sequence switch magnet 510, causing said
sequence switch to stop in position 13. Re-
lay 505 remains energized in position 18 by
means of a circuit from battery through the
left-hand winding of said relay, lower right-
hand contact 506 (10} to 16), front contact
and left-hand armature of relay 505, upper
left-hand contact 507 (10% to 13%), con-
ductor 502, terminal 432, brush 429, upper
right-hand contact 416 (63 to 16%), to
ground.

As sequence switch 510 leaves position 8,
the upiper left-hand contact 503 is opened
and relay 403 becomes deenergized. Relay
408 completes a circuit from ground through
its right-hand armature and back contact
and right-hand contact 405 (8), for driving
sequence switch 410 out- of position 8,
through position 11 and into position 12.
Sequence-switch 410, on leaving position 11,
opens the original holding circnit of relay
406 at the upper right-hand contact 407.
Relay 406, however, remains energized by
means of a circuit from battery through the
winding of said relay, armature and contact
of relay 408, lower right-hand contact 407
(11 to 15), front contact and left-hand arma-
ture of relay 406, conductor 402, and thence
to ground.

In position 12 of sequence switch 410,
ringing current is supplied to the called sub-
scriber’s line. The circuit for the applica-
tion of ringing current may be traced from
the ringing source 434, contact 433 (12 to
14), winding of relay 408, front contact and
mper right-hand armature of relay 406,
lower contact 412 (12 to 15),-brush 428,
terminal 431, conductor 501, upper right-
hand contact 504 (13 to 17), brush 525, ter-
minal 528, over the loop of the called sub-
station 530, terminal 527, brush 524, lower
right-hand contact 508 (13 to 17), conductor
500, terminal 430, brush 427, Jower right-

1,464,726

hand contact 411 (12 to 16), upper left-hand
contact 411 (12 to 15), to ground. The re-
sponse of the called subscriber, by removing
his receiver from the switchhook, decreases
the resistance of thé ringing circuit in the
well-known manner to permit the energiza-
tion of relay 408. Relay 408 opens the cir-
cuit of relay 406 which, in turn, completes a
circuit from ground through its outer right-
hand armature and contact, left-hand con-
tact 405 (3 to 17), winding of sequence
switch 410, to battery and ground. Se-
quence switch 410, leaves position 12 and
on reaching position 15, closes the following
circuit: battery, through the winding of re-
lay 406, upper right-hand contact 407 (15
to 17), lower left-hand contact 407 (15 ), to
ground. Relay 406 energizes and locks up
over its left-hand armature and front con-
tact to the grounded conductor 402. Relay
406 at its outer right-hand armature opens
the driving circuit of sequence switch 410,
permitting said sequence switch to stop in
position 16. oo

Since the called subscriber has answered,
a circuit is now closed for the energization
of relay 216 in series with the called line.
This circuit may be traced from battery,
through the left-hand winding of relay 218,
upper left-hand contact 220 (102 to 8), up-
per right-hand contact 220 (10 to 13),
brush 241, terminal 244, conductor 401,
upper left-hand contact 412 (15 to 16),
brush 428, terminal 431, thence over the
loop of the called line circuit as explained
in connection with the application of ring-
ing curreént, and returning by way of termi-

~nal 430, brush 427, lower right-hand contact

411 (12 to 16), lower left-hand contact 411
(15 to 8), conductor 400, terminal 243,
brush 240, lower right-hand contact 219 (10
to 6), lower left-hand contact 219 (10% to
13), right-hand winding of relay 216, to
ground. Relay 216 becomes energized and
completes a circuit from ground through its
armature and front contact, left-hand con-
tacts 221 (12), winding of sequence switch
magnet 210, to battery and ground. Se-
quence switch 210 thereupon advances into
position 13 which is the talking position.
A complete talking connection is now estab-
lished between the calling and called sub-
scribers’ lines. Talking current is fed to the
calling line through the windings of relay
215 and to the called line through the wind-
ings of relay 216.

After the conversation has been com-
pleted, the calling subscriber, by replacing
his receiver on the switch-hook, causes the
deenergization of relay 215. Relay 215 com-
pletes a circuit from ground through its
armature and back contact, upper left-hand
contact 212 (12 to 17), lower right-hand con-
tact 212 (13), conductor 268, winding of se-
quence switch magnet 210 to battery and
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ground. Sequence switch 210 moves from
position 13 intc position 14. A ecircuit is
thereupon closed from ground through the
right-hand armature and back contact of re-
lay 202 and upper contact 205 (14), for driv-
ing sequence switch 210 out of position 14
and into position 15. In pesition 15 a cir-
cuit is completed from battery, through the
left-hand winding of relay 202, lower left-
hand contact 206 (15 to 16), upper right-
hand contact 212 (15 to 2), upper left-hand
contact 212 (12 to 17), back contact and
armature of relay, 215 to ground. Relay 202
energizes and completes a circuit inctuding
its right-hand ‘armature and front contact
and contact 205 for driving sequence switch
210 into position 17. In position 17, relay
202 becomes deenergized and completes a
circuit by way of its right-hand armature
and back contact and upper contact 205 for
moving sequence switch intc 18. A circuit
is now established from battery through the
winding of the down-drive power magnet

226, lower right-hand contact 223 (18), to

ground. The power magnet 226 operates to
restore the brush shaft 259 to its normal po-
sition, in which position a circuit is com-
pleted from battery, through the winding of
sequence switch magnet 210, lower contact
228 (5 to 18) segment 238, brush 234 to
ground. Sequence switch 210 thereupon
moves into its normal position 1. When se-

uence switch contact 207 leaves position 17,
the holding circuit of relay 118 and the cut-
off relay 108 is opened to permit the release
of these relays. The line relay 102 is there-
by placed under the control of a subscriber’s
line 100 so that further calls may be initi-
ated.
207 leaves position 18 the busy ground is
removed from test terminal 128, so that the
trunk leading to . the first group selector
switch, may be taken for use in connection
with other calls.

When sequence switch 210 leaves. position
184 the lower right-hand comtact 222 is
cpened to break the holding circuit of relay
406 at the second group selector. Relay 406
releases its armatures and completes 8 cir-
cuit including contact 405 for driving se-
quence switch 410 out of position 16, through
position 17 and into position 18. In pesition
18 of sequence switch 410 a cireuit is closed
from battery, through the windings of the
down-drive power magnet 419, lower lefi-
hand contact 416 (18) to ground. The
brush shaft 439 is restored to its normal
position under the control of power magnet
419. The brush shaft having.reached its
normal position & circuit is closed from bat-
tery through the winding of sequence switch
magnet £10, lower contact 415 (3 to 18), seg-
ment 435, brush 424, to ground. Sequence
switch 410 thereby moves from position 18
into its normal position 1.

Ag soon as sequence switch contact

Sequence switch 410 on leaving position
163 opens the upper contact 416 to permit
the deenergization of relay 505 at the final
selector switch. Relay 505 completes a cir-
cuit from ground, through its right-hand ar-
mature and back contact and contact 511 (9
to 17), winding of sequence switch magnet
510 to battery and ground. Sequence switch
510 moves from position 18, over positions
15 and 17, and into position 18. Tn this posi-
tion a_ ecircuit is completed from battery,
through the winding of the down-drive
power magnet 516, lower right-hand contact
513 (18), to ground. The brush shaft 531
of the final selector switch is restored to its
normal position under the control of ‘the

-power magnet 516. In the normal position

of the final selector switch a circuit is com-
pleted from battery through the winding of

sequence switch magnet 510, lower contact .
o} = ]

518 (12 to 18), segment 523, brush 592, tc
ground. Sequence switch 510 advances from
position 18 into its normal position 1. Ail
apparatus is now completely restored to its
normal condition.

It will now be assumed that the called line
530 is busy at the time the units selection is
completed at the final switch. At the end
of the units selection, the sequence switch 510
advances from position 6 into position 7 in
the manner hereinbefore described. In posi-
tien 7, relay 505 energizes over its right-hand
winding and lower contact 509. Since the
cailed line is busy at this time a holding ciz-
cuit is closed for relay 505, traceable from
battery, through the left-hend winding of
said relay, lower right-hand contact 506 {1 to
83), front contact and left-hand armature of
relay 505, upper right-hand contact 507 {7 to
9%), test brush 526, test terminal 529, thence

80

90
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oy way of the test brush 526 2% some other

final selector switch, ic ground at a contaet
corresponding $o contaci 513 closed in posi-
tion 9% to 16k Sequence switch 5i0 ad-

vances through positions 7 and 8 in the man- !

LY,

ner explained. Upon leaving position 8% the
lower contact 506 is opened to sever the cir-
cuit traced for the left-hand winding of re-
lay 505. The upper contact 509, however,
closes in position 8% prior to the opening of
contact 508 in position 8. Relay 505, there-
fore, remains energized by means of a cir-
cuit from battery through the right-hand

winding of said relay, resistance 532, upper

contact 509 (8% to 10), front comtact and
right-hand armature of relay 505 to ground.
Sequence switch 510 is therefore arrested in
position 9. In this position the brush shafi
531 is restored o its normal position under
the control of the down-drive power magnet
516. A circuit for this magnet may be
traced from battery through the winding of
said magnet, upper left-hand contact 512
(9), front contact and right-hand armature
of relay 505 to ground. When the brush
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shaft is in its normal position, a ecircuit is
closed from battery through the winding of
sequence switch magnet 510, lower contact
518 (3 to 9), segment 523, brush 522, to
ground. Sequence switch 510 moves out of
position 9 and into position 11. On leaving
position 10, upper contact 509 is opened to
permit the release of relay 505. Relay 505
completes a circuit including its right-hand
armature and back contact and contact 511
(9 to 17), for driving sequence switch 510
into position 18. 1In position 18 the sequence
switch 510 is energized by means of a cir-
cuit including contact 518, segment 523, and
brush 522, for driving said sequence switch
into position 1. ,

It will be observed that since the called
line is found busy the sequence switch 510 is
arrested in position 9 where it awaits the
restoration of the final selector switch.
When sequence switch 510 leaves position 8

~ the relay 403 at the second group selector de-
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energizes in the manner hereinbefore de-
Sc(qibed. Sequence switch 410, therefore,
leaves position 8. As sequence switeh 410
passes through position 10 a circuit is closed
ifrom battery through the left-hand winding
of relay 403, lower right-hand contact 404
(10), lower right-hang contact 414 (10 to
11), brush 427, terminal 430, conductor 500,
upper right-hand contact 508 (9 to 10%), to
ground. The upper right-hand contact 508
will be closed at this time since the sequence
switch 510 is waiting in position 9 for the
final selector switch to release. Hence relay
403 attracts its armatures. Sequence switch
410, on arriving in position 11, comes to rest.
In position 11 of sequence switch 410, a cir-
cuit is closed by way of contacts 436 and 437,
condensers 441 and 442, and conductors 401
and 400 for applying a busy tone from the
coil 438 to the calling subscriber’s line.
When the final selector switch has been re-
stored, sequence switch 510 passes out of
position 10} and relay. 408 deenergizes and
completes the circuit already described for
moving sequence switch 410 out of position
11 and into position 12.

The calling subscriber, on hearing the
characteristic tone, knows that the called
line is busy and replaces his receiver to the
switchhook. From this point on release of
the connection takes place in the manner
above explained.

The case will next be considered in which

the first group selector switch, after having
performed the brush and group-selecting:
operations under the control of the register
mechanism, finds all trunks in the selected
group busy in its trunk-hunting operation.
According to the principles of this inven-
tion, means are provided whereby, in such
a case, the group selector switch is restored
to its normal position automatically and the

‘register-controlling mechanism is again
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placed in condition for controlling the said
switch in a further attempt to establish the
desired connection, without disturbing the
positioned registers or without interfering
with the regular setting of such registers as
may not have been positioned at this time.
I1f, during the trunk-hunting movement of
the first group selector switch in position 8
of sequence switch 210, all trunks in the
group are busy, the brushes 240, 241 and 242
move to the overflow position and brush 236
engages an insulating segment 233 of the
overflow commutator 232." Relay 202 deen-
ergizes as soon as test brush 2492 leaves the
test terminal 245 of the last busy trunk in
the group. Relay 202 completes a circuit
from ground through its right-hand arma-
ture and back contact and upper contact 205

(8 to 10) for moving sequence switch 210

out of position 8. In passing through posi-
tion 8%, upper right-hand sequence switch
contact 213 is closed, but relay 303 fails to
energize at this time since the brush 236 is
standing on an insulating segment 233 of
commutator 232. Consequently relay 202
does not energize when sequence switch 210
later reaches position 93. Therefore, se-
uence switch 210 continues to advance
through position 10 and into position 12.
Since relay 303 does not energize while se-
quence switch 210 is passing through posi-
tion 88, the sequence switch 310 of the con-
trolling mechanism remains in position 7
where it was driven immediately following
the end of the group selection of the first
group selector switch. When sequerce
switch 210 reaches position 12, relay 211 is
still energized owing to the fact that se-
uence switch 310 has not left position 7.

elay 215 which normally energizes in series

with the calling line upon the deenergization
of relay 211, now remains inoperative and a
circuit is completed from battery through
the left-hand winding of relay 204, lower
left-hand contact 212 (12), upper left-hand
contact 212 (12 to 17), back contact and
armature of relay 215 to ground. Relay 204
becomes energized and locks up in a circuit
from battery through its left-hand winding
and inner left-hand armature and upper
left-hand contact 207 (12 to 17), to ground.
Relay 204 completes a circunit from batté

throungh the winding of sequence switc

magnet 210, conductor 268, right-hand
armature and contact of relay 204, upper
right-hand contact 207 (12 to 13), to
ground. Sequence switch 210 moves over
position 13 into position 14. A circuit is
then ‘¢losed from ground through the right-
hand armature and back contact of relay
202 and upper contact 205 (14), for driving
sequence switch 210 into position 15. In
position 15 of sequence switch 210, a circuit
is established from battery through the left-
hand winding of relay 202, lower left-hand
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contact 208 (15 to 16), upper right-hand
contact 212 (15 to 2), upper left-hand con-
tact 212 (12 to 17), back contact and arma-
ture of relay 215 to ground. Relay 202 en-
6 ergizes and completes a circuit frem ground
through its right-hand armature and front
“contact, lower contact 205 (15), winding of
sequence switch magnet 210 to battery and
- ground. Sequence switch 210 moves into
position 17 and relay 202" deenergizes.
As sequence switch 210 reaches position
153 a circuit is established from battery,

10

lower contact 218 (152 to 2), contact and
outer left-hand armature of relay 211, loweér
right-hand comtact 207 (13 to 17), to
ground. - Relay 215 becomes energized and
closes & holding circuit for itself from bat-
tery, through its left-hand winding, lower
~ contact 218, (153 to 2), contact and outer

left-hand armature of relay 211, to ground

at the front contact and armature of relay

215. Relay 202 being deenergized in posi-

tion 17 of sequence switch 210, 2 circuit is

closed including the right-hand armature

and back contact of said relay and upper
~ contact 205 (17), for driving sequence
switch 210 out of position 17 and into posi-
tion 18, In position 18, the brush shaft 259
of the first group selector switch is restored
to its normal position in the manner herein-
before described and sequence switch 210 is
driven' from position 18 into position 1.
When sequence switch 210 reaches position
18 a circuit is completed from battery,
through the left-hand winding of relay 216,
upper left-hand contact 220" (103 to 8),
lower right-hand contact 220 (18 to 8), con-
tact and outer left-hand armature of relay
211, to ground at the fronmt contact and
armature of relay 215. Relay 216 becomes
energized in this cireuit.

When sequence switch 210 leaves position
17, the lower right-hand contact 207 is
opened, but o ground potential is applied to
conductor 254 at this time over the front
contact and drmature of reiny 215, thereby
maintaining the energization of relays 103

B

‘and 118. As sequence switch 210 leaves po- -

sition 17 the cirenit of velay 204 is opened
‘at the upper left-hand contact 207. Relay
204, howevér, immediately energizes again

in position 18 of sequemce switch 210 by

means of a circuit from battery through the
left-hand winding of said relay, lower Iefi-
hand contact 212 (18 to 2), upper right-

~hend contact 212 (15 to 2), front contact
and arméturs of relay 216 to ground.

Since relay 204 is now energized in posi-
tion 1 of sequence switch 210 o circuit is
closed irom battery through the winding of
seid_ssquence switch, conductor 268, right-

- hand ermature and contact of relay 204,
upper right-hand contact 207 (1) to ground.
b Sequence switch 210 thereupon moves intc

position 2. In position 2, relay 202 being
deenergized, a circuit is closed from ground
through the right-hand armature and con-
tact 0% said relay and upper contact 205, for
driving sequence switch 210 into position 3.
In position 3 of sequence switch 210, the
holding -cirenits of relays 215, 216 and 204
are opened to permit the deenergization of
these relays. During the time that sequence
switch 210 was passing from position 18 to
position 2, ground potential was maintained

C A con conductor 252 at the outer left-hend
through the left-hand winding of relay 215, -

armature and front contact of relay 204 to
render the test terminal 128 busy.

As above explained the sequence switch
810 of the register-cont.olling mechanism
advances into position 7 immediately fol-
lowing the group-selecting operation at the
first group selector switch. As soon after
the arrival of sequence switch 310 into posi-

tion 7, as the pick-up interrupter 367 of the

timing device shown at the left of Fig. 3,
advances its metallic segment into engage-
ment with the cooperating brush, a circuit
is completed including lower contact 365
(7), for energizing relay 366. Relay 366 ai-
tracts its armatures and locks up in 2 cir-
cuit including its left-hand armature and
contact and the contacts 365.. Shortly fol-
lowing the closure of the pick-up inter-
rupter 367, the. interrupter 370 makes en-
gagement with its cooperating brush and 2

circuit is closed from battery through the -

right-hand winding of relay 863, upper con-
tact 389 (7), to ground at interrupter 370.
Relay 863 locks up in a circuit from battery
through its left-hand winding and contact
and inner armature, upper left-hand contact
871 (7), to ground. After the elapse of 2

definite interval following the emergization 1

of relay 363, one of the metallic segments
of the interrupter 368 makes engagement
with its brush. A eircuit is then closed from
battery, through the interrupter 868, right-

hand armature and contact of relay 366, !

left-hand winding of relay 364, contact and
outer armature of relay 363, upper right-
hand contact 371 (7), tc ground. Relay
364 docks up in a circuit from babtery

through its right-hand winding and confact !
- and armature, upper left contact 842 (5 te

18), right-hand armature and contact of
relay 301, lower left contact 804 (8 to 18)
to ground contact: When relay 864 becomes
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énergized, & circuit is closed from batiery 120

through the winding of sequemce switch
magnet 310, front contact and outer left-
hand armature of relay 864, lower right-
hand contact 871 (7 to'4), to ground. Se-
quence switch 310 leaves position 7 and con-

tinues to rotate until it reeches position 5.
It will be recalled that in the regular opera-

tion_of the system sequence switch 310, in
reaching position 182, closes its lower "loft-

hend contact 371 to shunt the relay 211 in 120
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the trunk circuit. In the present case, how-
ever, this shunting circuit is maintained
open at the inner left-hand armature and
contact of relay 364. Hence the relay 211
remains energized and the calling line re-
mains connected in series with the windings
of relay 300 during the time that sequence
switch 810 is moving from position 7 around
to position 5. During this period, the call-
ing subscriber may -be sending impulses
without interference to cause the position-
ing of the registers C, D and E. As se-
quence switch 310 leaves position 7, relays
366 and 363 deenergize, and on-leaving posi-
tion 4 relay 364 becomes deenergized. It
will be seen that by the arrangement de-
scribed, the sequence switch 210 has been
returned to position 3 and sequence switch
310 to position 5 without releasing the con-
nection of the calling line and without dis-
turbing such of the registers as have been
positioned at this time. With the group
selector released and with sequence switches
210 and 310 in these positions, the apparatus
is in the same condition as it was at the
time brush selection was first undertaken.
The fundamental circuit is, therefore, closed
again and brush and group selection take
place in the manner described, following
which the trunk-hunting operation takes
place in a second attempt to extend the call-
ing line to an idle trunk. If an idle trunk
is located during the second operation of the
switch, the establishment of the connection
proceeds in the manner specifically de-
scribed. If, however, all trunks in the
group are again found to be busy, the switch
1s released and after the lapse of the neces-
sary time interval; is again operated and

so on, so long as the calling subscriber re- -

tains his receiver off the switchhook.

Yt will next be assumed that the first group
selector succeeds in extending the calling
line over an idle trunk, such as 400 and 401,
but that the second group selector, in per-
forming its trunk-hunting operation, iinds
all trunks in the selected group engaged. It
will be recalled that sequence switch 410

is standing in position 6 and that relay 403.

is energized dependent upon the presence of
ground potential on test terminals 432 dur-
ing the trunk-hunting movement of the
second group selector switch. Since all
trunks in the group. are found busy, the
brushes 427, C4§

overflow position and relay 403 deenergizes.
Relay 403 closes a circuit including its right-

- hand armature and back contact and right-

60 -

hand contact ® 405 (62 for driving se-

quence switch 410 out o

- position 7. Relay 403 is not energized, as

65

explained, in position 7 since the brush 427

is standing on an ungrounded over-flow
terminal. Therefore, sequence switch 416
remains in position 7, :

and 429 advance io the’

position 6 and into
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It will also be recalled that sequence
switch 810 of the register-controlling mech-

“anism, passed into position 11 immediately

following the group-selecting operation of
the second group selector. As soon there-
after as interrupter 367 closes on its metallic
segment, relay 366 is energized by means of
a circuit including contacts 365 (11). Relay
366 attracts its armatures and locks up in-
dependent of the interrupter 867. After a
definite time interval has elapsed following
the energization of relay 366, the metallic
segment of interrupter 369 makes engage-
with its cooperating brush and closes a cir-
cuit including lower contact 389 (11), for the
energization of relay 363. Relay 363 locks up
in a circuit through its left-hand winding and
inner armature and contact to ground at up-
per left-hand contact 371 (11). At the end
of a definite interval following the energiza-
tion of relay 363 one of the metallic seg-
ments of interrupter 368 engages its co-
operating brush and a circuit is completed
from battery through interrupter 368, right-
hand armature and contact of relay 366.
left-hand winding of relay 364, contact and

‘outer armature of relay 363, upper right-

hand contact of relay 871 (11), to ground.

Relay 364 operates and locks up in a circuit -

from battery through its right-hand wind-
ing and contact and right-hand armature to
ground at lower-left contact 304 (3 to 18).
In the manner already described, relay 364

.completes a circuit for driving sequence

awitch 810 out of position 11 and on into
position 5, and at the same time opens the
circuit which normally serves-to shunt relay
211. When sequence switch 310 leaves posi-
tion 13 it opens the circuit of relay 303
which is at this time energized in multiple

.with the relay 202 at the first group selector.
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Contact 839, in leaving position 13, also

‘opens the circuit of relay 202 which de-

energizes and closes a circuit from ground
over its right-lrand armature and back con-
tact and upper contact 205 (10) for driving
sequence switch 210 out of position 10 and
into position 12. . In position 12, since relay
211 remains energized, relay 215 remains de-
energized and consequently the above-traced

‘circuit for relay 204 is closed. Sequence

switch 210 thereupon advances out of posi-

118

118

tion 12, through position 13 and into posi- -

tion 14. From this point on the advance of
sequence switch 310 into position 18, the
release of the first group selector and the
subsequent advance of sequence switch 210
into position 8, takes place in the manner
hereinbefore described. : :
As sequence switch 210 leaves position 13;
the lower right-hand contact 222 is opene
to permit the deenergization of relay 406
at the second group selector. Relay 406 com-
letes a circuit including its outer right-
and armature and coptact and left-hand

120

128

130



10

18

20

20

30

38

50

1,484,726

contact 405 for driving sequence switch 410
out of position 7. Sequence switch 410 con-
tinues to advance until it reaches position
18, Tn passing through position 15, relay
406 is momentarily energized, but sequence
switch 410, continuing to advance under the
control of its master contact into position
16, opens the temporary energizing circuit of
relay 406. This relay thereupon deenergizes
and closes the above-traced circuit which
drives sequence switch 410 out of position 16
and into position 18. In position 18 of se-
quence switch 410, the second, group selector
is released and said sequence switch there-
upon returns to its normal position 1. The

group selector switches are operated again.

in accordance with the setting of the con-
trolling registers to make another trial in
obtaining a through connection.

In the event that the calling subscriber
abandons the call at any time after a reg-
ister-controlling mechanism has been seized
and associated with his line, means is pro-
vided to insure the restoration of the con-

trolling mechanism. The calling subscriber,

by hanging up his receiver at any time after
sequence switch 310 has reached position 3,
causes the release of relay 301 which in turn
completes'a circuit from ground, through the
lower left-hand contact 304 (3 to 18), make-
before-break contact of relay 301, winding
of relay 3086, to battery and ground. Relay
306 completes a circuit from battery through
the winding of sequence switch magnet 810,
conductor 373, inner right-hand armature
and back contact of relay 303, inner right-
hand armature and contact of relay 306,
upper right-hand contact 347 (3 to 13), to
ground. Sequence switch 310 is thereby
driven into position 18 where the release of
all positioned registers takes place.

In case the calling subscriber should
abandon the call by hanging up his receiver
on the switchhook at a time after the sender
sequence switch 310 has reached position 7
and was in such position or in some po-

sition thereafter, release of the apparatus

takes place in a manner somewhat differ-
ent from that above explained, where it
was assumed that abandonment took place

- with the sequence switch 310 in a posi-

55
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tion later than position 8 but earlier than
position 7. It will be recalled that as
soon as sequence switch 310 passes into
position 7, the relay 303 becomes oper-
ated due to the forward movement of se-
uence switch 210 at this time and locks over
the lower contacts 339 which remain closed
until sequence switch 310 leaves position 13.
With relay 303 operated, the release circuit
for the sequence switch- 310 hereinbefore

- traced is held open. Therefore, a substitute

68

circuit must be provided to permit the se-
quence switch to restore when abandonment
takes place after said sequence switch has

W0,

ok

passed into position 7 and relay 308 has be-
come energized.

. Consider, for example,-that abandonment
occurs at a time when sequence switch 310 is
in position 9 and when the selection to which
this position of the sequence switch cor-
responds is in progress. Upon restoration
of the subscriber’s receiver to the switch-
hook, the relay 300 becomes deenergized
and shortly thereafter the slow-to-release re-
lay 301 retracts its armature. With relay
301 deenergized, the previously traced cir-
cuit of relay 306 is established and this relay
becomes energized. Nothing happens, how-

ever, until all of the counting relays, which-

are now in progress.of operation, have been
energized marking the completion of the
selection. As soon as the No. 0 counting re-
lay 381 becomes operated, a circuit is com-

pleted from battery through the winding

and armature and contact of this relay,
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thence to the winding of relay 391, outer

right armature and contact of relay 303, in-
nermost right armature and contact of relay

306, upper. right contact 347 (3 to 13) to ¢

ground. Relay 391 energizes and a circuit
is closed from ground through its contact
and armature, conductor 373, winding of
sequence switch magnet 310, to battery. Se-
quence switch 310 leaves position 9 and in-
stead of stopping in position 10, as it nor-
mally would, it continues to rotate until it
reaches position 18. As the sequence switch
leaves position 13, relay 303 becomes deen-
ergized and opens the circuit of relay 391
and relay 381. In position 18 of the sequence

_switch, the registers are restored to their

normal position in the manner hereinbefore
described.

What is claimed is:

1. In a telephone system, a telephone line,
a selective switch, a controlling mechanism
including a multi-position register, impulse
sending means for advancing said register

to one of its set positions, means controlled 1!

in accordance with the set position of said
register for operating the selective switch
to extend said telephone line, means for re-
leasing said -switch, and means for again
operating said switch in accordance with the
original setting of said register.

2. In a telephone system, a subscriber’s
line, 2 selective switch, a controlling mech-
anism including a multi-position register,
means for sending series of impulses over
the subscriber’s line to variably set said reg-
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ister, means controlled in accordance with.

the set position of said register for operating
the selective switch to extend said line,
means for releasing said switch, and means
for again operating said switch in accord-
ance with the original setting of said reg-
ister. c

3. In a telephone system, a telephone
line, a group of trunks, a selective switch
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for connecting the telephone line to said
trunks, a controlling mechanism including
a multi-position register, impulse sending
means for variably setting said ‘register,
means controlled in accordance with the set
position of said register for operating said
switch, means for automatically releasing
said switch when all the trunks of said
group are busy, and means for again oper-
ating said switch in accordance with the
original setting of said register.

4. In a telephone system, a telephone
line, a plurality of groups of trunks, a selec-
tive switch for connecting the telephone line
to said trunks, a controlling mechanism in-
cluding a multi-position register, impulse
sending means for variably setting said
register, means controlled 'in accordance
with the set position of said register for
operating the selective switch to select one
of said groups of trunks, means for operat-
ing said switch to hunt for an idle trunk in
the group, means operative when all trunks
of the group are busy for releasing said
switch, and means for again operating said
switch in accordance with the original set-
ting of said register. S

5. In a telephone system, a telephone
line, a selective switch, a controlling mech-
anism including a multi-position register,
means for variably setting said register,
means controlled in accordance with the set
position of said register for operating said
switch to extend the telephone line, means
for releasing said switch, and means effec-
tive after the lapse of a definite time inter-
val following the operation of said switch
for again operating said switch in accord-
ance with the original setting of said
register. : . ’

6. In a telephone line, a group of trunks,
a_selective switch for connecting the tele-
phone line to said trunks, & controlling
mechanism including a multi-position reg-
ister, means for variably setting said regis-
ter, means controlled in accordance with the
set position of said register for operating
said switch, means for automatically releas-
ing said switch when.all trunks. in said
group are busy, and means effective after
the lapse of a definite time interval follow-
ing the operation of said switch for again

operating said switch in accordance with.

the original setting of said register. _
_7.In a telephone system, a telephone
line, a selective switch, a controlling mech-.

anism including a multi-position register, :

means for setting said register, means con-
trolled in accordance with the setting of
said register for operating said switch to
extend the telephone line, means for releas-
ing said switch, a timing device, and means
responsive to said timing device for again
operating said switch in accordance with
the original setting of said register.
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8. In a telephone system, a telephone
line, a plurality of groups of trunks, a
selective switch for connecting said line to
said trunks, a controlling mechanism in-
cluding a register, means for variably set-
ting said register, means controlled in ac-
cordance with the setting of said register
for operating said switch to select one of
sald trunk groups, means for operating said
switch to hunt for an idle trunk in the
group, means for releasing said switch when
all trunks of the group are busy, a timing
device, means for rendering’ said device
effective upon the completion of the group
selecting operation of said switch, and
means operated by said device after the
lapse of a predetermined interval for caus-
ing said switch to again be operated in ac-
cordance with the original setting of said
register.,

9. In a telephone system, a subscriber’s
line, a plurality of selective switches, a con-
trolling mechanism including a plurality
of multi-position registers, impulse sending
means for variably setting said registers,
means controlled in accordance with the set
positions of said registers for operating the
selective switches to extend said subscriber’s
line, means for releasing said switches, and
means for again operating said switches in
accordance with the original settings of said
registers.

10. In a telephone system, a telephone
line, a plurality of selective switches, a con-
trolling mechanism including a plurality of
registers, means for variably setting said
registers, means controlled in accordance
with the settings of said registers for oper-
ating a variable number of said selective
switches to extend said line, means for re-
leasing the operated switches, and means
for again operating the released switches in
accordance with the original settings of said
registers, ) :

11. In a telephone system, a telephone

line, a plurality of groups of trunks, a plu--

rality of selective switches, a control ing
mechanism including a plurality of registers,

means for variably setting ‘said registers,

means controlled in accordance with the set-
tings of said registers for operating said
switches in succession to: extend the tele-
phone line over said trunks, means operative
when all trunks of any of said groups are
busy for releasing all of said switches pre-
viously operated, and means for again oper-
ating the released switches in accordance
with the original settings of said registers.

12. In a telephone system, a telephone
line, a plurality of selective switches, a con-
trolling mechanism including a plurality of
registers, means for setting said registers,
means controlled in accordance with the set-
tings of said registers for operating said
switches to extend said line, means for re-
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leasing said switches, and means effective
after the lapse of a predetermined interval
following the operation of the last switch

for again operating the released switches in .

accordance with the original settings of said
registers. .

13. In a telephone system, a telephone
line, a pair of selective switches, a control-
ling mechanism including a plurality of
registers, means for setting said registers,
means controlled in accordance with the set-
tings of said registers for operating the se-
lective switches to extend said line, means
for automatically releasing either the first
or both of said switches, and means effective
after the lapse of a definite interval follow-
ing the operation of each switch for again
operating ‘the released switches in accord-
ance with the original settings of said
registers. : ’

14. In a telephone system, a subscriber’s.
line, a selective switch, a controlling mecha-
nism comprising a plurality of registers,
means for successively assoclating the sub-
scriber’s line with said registers, means con-
trolled over said line for setting said reg-
isters, means controlled by said controlling

accordance with the setting of a particular
one of said registers, means for releasing
said switch, and means for placing said

" mechanism in condition to again control the

40

- the original settin%

operation of said switch in accordance with
of said particular reg-
ister while other of said registers are being
set under the control of the subscriber’s
line. : v

15. In-a telephone system, a subscriber’s
line, a plurality of selective switches fer
extending said line, a controlling mechanism
comprising a plurality of registers, means

for successively associating seid line with
said registers, means controlled over szid
line for setting said registers, means con-

trolled by said mechanism for operating a <

portion of said switches in accordance with
the settings of certain of said registers,
means for releasing the operated switches,
and means for placing said mechanism in
condition te again control the operation of
the released switches in accordance with the
original settings of said certain registers
while the remaining of said registers ere
being set under the control of the subscrib-
er’s line,

16. In a telephone system, a telephone
line, a selective switch, & controlling mecha-
nism, means for variably setting said mechs-
nism to produce registrations thereon, means
controlled in accordance with the setting of
said mechanism for operating said switch
to extend the telephone line, and means for
causing said switch to again be operated in
accordance with the same setting of said
mechanism, ’ ' '

17. In a teleﬁ)hone system, 2 selective
switch, a controlling mechanism, means for
variably setting said mechanism to produce
registrations thereon, means controlled in
accordance with the setting of said mecha-
nism for operating said switch to extend the
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telephone line, means for releasing said

switch, means for measuring time, and
means rendered effective as a result of 2
definite interval of time having been meas-
ured by said time measuring means for caus-
ing said switch to egein be operated in
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accordance with the same setting of said

mechanism, . v

In witness whereof, I hereunto subscribs

my name this 2nd day of Aﬁril A, D., 19920,
LIPA POLINKOWSKY.
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