April 1, 1924, 1,488,598
} C. L. GOODRUM

TELEPHONE EXCHANGE SYSTEM

Filed Dec. 29, 1920

R

=i F th

00

) /vertor:
Chartes L. 000;//’1//?7’

AZU/ZE\F?;Y1010424~1/lﬁtk




vas
[==]

—
Lt

20

2
a1y

30

40

Patented Apr. 1, 1924,

UNITED STATES

1,438,598
PATENT OFFICE.

CHARLES L. GOO:DRUM, O0F MEW YORE, N. Y., ASSIGNOR

TO WESTERN ELECTRIC COML.

PANY, INCORPORATED, OF NEW ¥ OREK, WN. Y., & CORPORATION OF NEW YOREK.

TELEPHONE-EXCHANGE SYSTEIL

Application £led December 29, 1820.  Berial Wo. 433,753,

Lo dli whom it may concern.: ’

Be it known that T, Cearces L. Goopruw,
a citizen of the United States, residing at
New Yorl, in the county of New York, State
of New York, have invented certain new
and useful Tmprovements in Telephone-Ex-

change Systems, of which the following is a-

tull, clear, concise, and exact description.
This invention relates to telephone ex-

change systems and has particular reference

to systems involving private branch ex-
changes and main central offices employing
machine switching apparatus for establish-
ing connections.

An object of the invention is to provide
improved means for causing the actuation
of a signal at an attendant’s position at the
private branch exchange when a connection
15 automatically extended, over a trunk cir-
cuit interconnecting the private branch ex-
change and the main central office, to a toll
trunk circuit at the main central office.

One feature of the invention consists in
the provision of electromagnetic means, as-
sociated with the toll trunk circuit at a dis-
tant exchange, operating upon the seizure
of sald trunk circuit to cause a signal to
be actuated at the attendant’s position.

Another feature of the invention consists
in_providing such an arrangement of cir-
cnits in a system of this nature, whereby talk-
ing battery for the subscriber at the private
branch exchange is fed from the distant ex-

" change over the selected trunk circuits.

Other features will appear from the de-
tailed description given hereafter and from
the appended claims.

Referring to the drawing which illustrates
one embodiment of the invention, there is
shown to the left of the vertical broken line
the station of a subscriber at the private
branch exchange, a schematic representation
of a non-numerical switch and a selector
switch for extending a connection from the
station, and a trank circuit extending from
the private branch exchange te the main
central office. To the right of the broken
vertical line, there is shown a selector switch
SL2 at the main central office and a portion
of a local trunk circuit and a portion of a
toll trunk cireuit to which' the ' selector
switch SL2 has access.

The automatic switches shown schemati-
cally at the private branch exchange may be
of any desired character, but are preferably

of the well known step-by-step type. The
automatic selector switches at the main cen-
tral office, the circuit arrangement of one of
these switches being shown in detail in the
drawing, may likewise be step-by-step
switches of any suitable and approved type.
The subscribers at the private branch ex-
change in addition to being able to make
calls Tocal to the central office can also make
calls to subscribers’ lines which must be
reached by means of toll or interoffice trunks.
Whichever class of call ‘the private branch
xchange subscriber wishes to make, he first
extends his line automatically by means of
a dial such as shown at S, through a selector
switch at the private branch exchange which
selects an idle trunk circuit such as T out-
going to the central office. The connection
having been extended to an incoming selec-
tor switch SL2 at the central office, the next
digit or digits will determine the position-
ing of the switch or switches in the central
office to route the call either to a local sub-
scriber’s line or to a toll or interoffice trunk
circuit, as the case may be. In the case of a
local call, the selector switch SL2will be op-
erated to select one of a plurality of groups
of trunks such as the group illustrated at
90. - An idle trunk is then selected in this
group and an extension of the connection is
continued to select a called subscriber’s line.
On an interoffice or toll call, however, the

selector switch SLe will be operated to choose

the proper one of a plurality of groups of
toll trunks, one of which is illustrated at
80. The hunting movement of the switch
thereafter chooses an idle trunk in this

group and the connection is extended to the

distant office.

The detailed operation involving the es-
tablishment of a  connection between the
station A and a local trunk circuit of the
group 90 at the main central office will frst
be considered.:

Upon removing the receiver from the
switchbook at substation A, the non-numer-
ical switch N will be actuated in a manner
‘well known in the art. to extend the line of

‘the calling station A to the selector switel

SL at the private branch exchange. There-
after the calling subscriber may manipulate
bis impulse sender S to send 2 series of im-

‘pulses in order to select an idle trunk cir-

cuit leading to the central office. This series
of impulses causes the primary operation of
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through its armature

2

the selector switch SL, the brushes of which
are shown at 11, 12 and i6. Following the
group selecting’ movement of the selector
switch 8L, the brushes 11, 12 and 16 are
moved automatically to search and make
connection with the terminals 13, 14 and
17 of an idle trunk circuit leading to the
main central office.

Relay 20 of the selector switch SI* of
the main central office and relay 5 of the
trunk cireuit T are then operated over a
path extending from grounded battery, left-
hand winding of relay 20, first contact of
side-switch arm 4, side-switch arm 4,
through the winding of relay 5, and non-
inductive resistance 6 in parallel, terminal
14 and brush 12 of switch SL, brush 10 and
terminal 8 of switch N, through the substa-
tion loop, terminal 7 and brush 9 of switch
N, brush 11 and terminal 13 of gwitch 5L,
side-switch arm 8 and its first contact, and
right-hand winding of relay 20, to ground.
Relay 20 in operating, completes an obvious
cireuit through its armature and front con-
tact for slow-to-release velay 21. Relay 5
in operating, completes an obvious circuit
and front- contact for
slow-to-release relay 23. Relay 21 in oper-
ating completes an obvious cireuit through
its front contact and right-hand armature
for relay 922. Relay 23, in operating,
through its inner right-hand armature and
front contact, places ground potential upon
the test terminal 17 of the trunk T, in order
to render this trunk non-selectable to other
cwitches in the private branch exchange.
Relay 23 in attracting its left-hand arma-
ture bridges the high resistance rvelay 24
across the talking conductors of the trunk
cireuit T, whereupon relay 24 may operate.
Relay 20 in operating prepares a circuit for
the primary stepping magnet 27.

The calling subscriber operating his im-
pulse sender S sends out another series of
impulses correspending to one of the digits
of the desired number, in order to set the
switch SL2. Upon the first interruption of
the line circuit in response to this series of
impulses, relay 20 releases its armature and
opens the circuit for relay 21. This relay,
however, being slow to release, does not de-
energize in the brief interruptions of its
circuit during the transmission of this se-
ries of impulses. Relay 5 retracts its arma-
ture at each interruption of the line circuit,
thereby opening the circuit for relay 23.
Relay 23, however, being of the slow-to-
release type, does not deenergize in the brief
interruptions of its circuit during the trans-
mission of a series of impulses. Relay 24,
therefore, remains bridged across the tali-

ing conductors of the trunk circuit T. The

resistance of relay 24 is of such a value as
to permit the deenergization of the impulse
relay 20 or impulse relays associated with
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succeeding switches in response to impulses
from the dial S. Relay 20 upon deenergiz-
ing completes a circuit from ground,
through its armature and back contact, left-
hand armature and front contact of relay
21, off-normal contacts 29, and winding of
primary stepping magnet 27, to grounded
battery. In parallel thereto, a circuit is
also completed through the winding of slow-

to-release relay 26, to grounded battery.

Relay 26 at its armature and contact closes
a circuit for the energization of escape mag-
net 28. Escape magnet 28 operates and
prépares to release the side switch into po-
sition 2 when the energizing circuit of said
magnet is opened.

The primary stepping magnet 27 oper-
ates to advance the brushes 33, 34 and 35
of the switch SL2 through one step in the
primary direction. When the line circuit
closes at the end of the first impulse, relay
5 attracts its armature and again closes a
circuit for slow-to-release velay 23, and re-
lay 20 opens the circuit of stepping magnet
27 and relay 26 and again closes the circuit
for slow-to-release relay 21. Relay 26 be-
ing of the slow-to-release type, remains en-
ergized during the sending of a series of
impulses {o the relay 20. Ifor each succeed-
ing impulse of the series, the magnet 27
moves the brushes 38, 84 and 35 through one
step in the primary direction, finally bring-
ing said brushes to rest in operative rela-
tionship to the group of trunks 90, contain-
ing the trunk having the terminals 36, 37
and 38.

After an interval has elapsed following
the transmission of the last impulse of this
series, velay 20 remains energized long
enough to permit the release of slow-to-re-
lease relay 26. Relay 26 opens the circuit
of the escape magnet 28 which immediately
deenergizes and advances the side-switch

arms 38, 4, 46 and 49 to their second position -

terminals. In this position of the side
switch the escape magnet 28 is immediately
energized in a circuit extending from
grounded battery, winding of magnet 28,
second contact of side-switch arm 46, side-
switch arm 46, and off-mormal contact 47,
to ground. DMagnet 28 operates prepara-
tory to releasing the side switch into its
third position upon deenergization. A cir-
cuit is also established for the secondary
stepping magnet 30 over a path extending
from grounded battery, winding, back con-
tact and armature of magnet 30, side switch
49 in jts second position, and the front con-
tact and armature of relay 20, to ground.
The stepping magnet 30 is energized, In-
terrupts its own circuit and advances the
brushes 83, 34 and 35 on to the first set of
terminals in the selected group 90. As the
brush shaft takes its first step in the sec-
ondary direction, the off-normal contacts
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47 and 29 are opened. Contact 47, how-
ever, does not open until shortly after the
test brush has made engagement with the
test terminal of the first trunk of the se-
lected group. If the first trunk in the se-
lected group is busy, ground potential will
be present on the test terminal thereof, and
a cireuit is completed as follows for main-
taining the energization of escape magnet
28—grounded battery, winding of magnet
28, second contact of side-switch arm 46,
side-switch arm 46, brush 85, to the ground-
ed test terminal: The side-switch arm re-
mains in position 2, and the stepping mag-
net 30 confinues to advance the brushes un-
til the first 1dle trunk, such as the one hav-
mg the terminals 86, 87 and 88, is reached.
At this time the escape magnet 28 becomes
deenergized due to the absence of ground
potential at terminal 88, and advances the
side switch from its second to its third po-
sition. Side-switch arm 49 in leaving posi-
tion 2, opens ‘the ecircuit of the stepping
magnet 30 to prevent any further operation
of the switch. The test terminal 38 is im-
mediately rendered busy to prevent selec-
tion by other switches by means of the fol-
lowing circuit—ground, through the front
contact and right-hand armature of relay
21, third contact of side-switch arm 48, side-
switch arm 46, brush 35, to the test termi-
nal 38. ,

The side switch in passing out of position
2 opens at its arms 3 and 4 the circuit in-
cluding the winding of relay 20. Relay 20
thereupon releases, thereby causing the re-
lease of relay 21. Relay 21 in releasing re-
moves ground at the right-hand contacts of
said relay 21 from the test terminal 38; Be-
fore relay 21 has had time to deenergize,
however, ground from the succeeding se-
lector switch is placed upon test terminal
38 to maintain the trunk busy and to hold
the relay 22 energized, in the manner well
known in the art, due to the energization of
relay 60. Relay 60 is energized over an ob-
vious circuit and battery at the main cen-
tral office connected through the windings
of relay 60 serves to maintain relay 5 and
relay 24 of the trunk cireuit T energized.

From this point on, the extension of the
connection is continued under the control
of the calling subscriber and as many suc-
ceeding switches are operated as are neces-
sary to extend the connection to the called
subseriber’s line. When the last automatic
switch has been actuated battery will flow
from the main central office over the talk-
ing conductors of the trunk civenit T, there-
by serving to maintain relays 5 and 24 of
teunk circuit T energized and to provide
the calling substation with talking bat-
tery.

At the termination of the conversation,
the called subscriber by replacing his

2

receiver on the switchhook brings about

the release, in any well known man-
ner, of the switches succeeding those

shown in the drawing. The release of the
switch succeeding switech SI? causes the
removal of ground potential from the test
terminal 38 and the resultant deenergiza-
tion of relay 22. The release of relay 22
causes the closure of a circuit from ground-
ed battery, winding of release magnet 31,
off-normal contacts 48, and back confact and
armature of relay 22, to ground. Magnet
31 energizes and locks up through its arma-
ture and front contact and the off-normal
contacts 48. The brushes 33, 34 and 85 are
restored to their normal position at which
time the off-normal contacts 48 are opened
and the release magnet 31 becomes deener-
gized. © Switch SL®, in releasing, releases
relays 5, 23 and 24. The calling subseriber
by replacing his -receiver on the switch-
hook brings about the release of the auto-
matic switches in the private branch ex-
change.

It will next be assumed that the sub-
scriber at the private branch exchange
wishes to obtain a connection with a sub-
scriber’s line over a toll trunk cireuit, neces-
sitating the use of an interoffice trunk inter-
connecting the distant office with the central
office illustrated in the drawing. The opera-
tion of the apparatus at the private branch
exchange takes place in the manner pre-
vicusly described. ‘The digit of the called
number necessary for actuating the switch
SL2 in the main central office in the present
case, however, differs from the correspond-
ing digit of the number previously consid-
ered. The result is that the brushes 33, 84
and 35 of the selector switech will be moved
first to select one of a plurality .of groups
of trunks such as the group 80 leading to the
desired distant office, and thereafter to. se-
lect an idle trunk of the selected group.

Asgsuming that the brushes 83, 84 and 85
have been brought to rest upon the terminals
51, 52 and 53 of an idle toll trunk of the
group 80, relays 61, 62 and 5 will be ener-
gized as soon as the side-switch brushes 3
and 4 of the switch 512 are moved into their
third positions over a path estending from
ground, left-hand winding of relay 61, ter-
minal 51, and brush 83 of switch SL2, third
contact of side-switch arm 3, side - switch
arm 3, terminal 13, brush 11 of switch S,
brush 9, and terminal 7 of switch N,
through the substation loop terminal 8, and
brush 10 of switch N, brush 12, and termi-
nal 14 of switch SL, through the winding
of relay 5; and non-inductive resistance 6
in parallel; side-switch arm 4 and its third
contact, brush 34, and terminal 52 of switch
SL?, winding of relay 62, and right-hand
winding of relay 61, to grounded battery.
Relay 61, in operating, causes a ground to
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be placed upon test terminal 53 in place of
the ground at the contact of relay 21, to
render the toll trunk circuit non-selectable
and tec maintain relay 22 energized as here-
tofore described. Relay 62 in operating,
through its left-hand armature, short cir.
cuits the talking conductors of the toll trunk
circuit momentaruy This momentary short
circuit across the talking conductors causes
the momentary release of relays 5 and 24 of
the trunk cu"cmt T. Relay 62 in attract-
ing its right-hand armature completes an
obvious circuit for slow to operate relay 63.
Relay 63, in operating, locks up through its
}eft-hand armature to g_);round on test termi-
nal 53, and through its right-hand armature
short circuits relay 62, whereupon said relay

9 releases thereby removing the short cir-
cuit from the talking conductors of the
trunk cirenit.

Relays 5 and 24, in retracting their arma-
tures due to the momentary short- circuiting

T the toll trunk circuit, complete a cireuit
1"01' relay 65 over a path extending from
ground, armature and back contact of relay
5, armature and back contact of velay 24,
right-hand armature and front contact of
rela ay 238, resistance 64, and winding of slow-
to-opera.te relay 65, to grovn@ed battery.
Relay 65 1s pre»fembly slow-to-operateto pre-
vent false actuation of the signal 66. Re-
lay 5 in retracting its armature momentarily
opens the cireuit for relay 23, but velay 23
belng of the slow-to-release type, does not
deenergize. Relay 65 in operating locks up
throueh its left-hand contacts to ground un-
der control of slow-to-release rﬂlay 23. Re-
lay 65 in attracting its right-hand armature
prepares an obvious circuit for the lamp
signal 66 which circuit is completed as soon
as relay 5-attracts its armature at the end of
the momentary short circuit of the toll trunk
circuit. As soon as the short circuit from
the toll trunk circuit is removed, relays 5
and 24 again energize and lamp signal 66
lights.

The attendant at the private branch ex-
change observing the signal 66 knows that
some subscriber of the private branch ex-
change is making a central office call over
a toll trunk circuit. She may thereupon de-
press her listening key IX which places her
headset in talking relation with the calling
line. By inquiring from the calling sub-
scriber the attendant learns of the nature of
the c‘tll being extended and the name of the
party and the number of the station calling
so that the necessary charge in case of a suc-
cessful call may be made against the proper
person or station. After having obtained
the necessary information the attendant re-
leases the listening Ley K and retires from
the connection.

It will be noted that the calling subscmbe"
is in this case supplied with tﬂl\mrr battery
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{rom the main central office. It is obvious
that any number of switches may be em-

_ployed succeeding the switch SL* for build-

ing up any desired connection. The release
of the connection is effected in a manner
similar to that previously described.

What is claimed is:

1. In a telephone exchange system, a
first exchange, a second exchange, a trunk
circuit interconnecting said exchanges, trunk
circuits of different characters at said second
exchange, a calling line at sald first ex-
change, means under the control of the sub-
scriber of the calling line for extending the
line over said trunk circuit and an idle one
of either of said characters of trunk circuits,
a signal at said first exchange, electromag-
netic means associated with trunk circuits
of one character only for actuating said

signal, and means for automatically operat-
ing said electromagnetic means when an idle
trunk of that character is selected.

2. In a telephone exchange system, a first
exchange, a second exchange, a trunk cir-
cuit interconnecting said exchanges, an auto-
matic selector switch at the second excha ange
local trunk circuits and toll trunk circuits
accessible to said switch, means for extend-
ing a talking connection over said trunk cir-
cult to the switch at the second exchange,
means for operating the switch to select an
idle trunk circuit, a signal at said first ex-
change, means for actuating said signal, elec-
tromagnetic means associated with each toll
trunk for rendering said actnating means
effective, and means for automatically op-
erating said electromagnetic means when an
idle toll trunk is selected.

3. In a telephone exchange system, sub-
seribers’ lines, a trunk circuit, a selector
switch, trunk circuits of different characters
for establishing talking connections between
said lines, accessible to said selector switch,
means for extending a talking connection
over said trunk circuit to said selector switch,
means for operating said switch to select an
idle trunk circuit of either character, an
operator’s position, a signal thereat, electro-
magnetic means for operating the same, and
means for actuatlncr said electromagnetic
means only when said switch is operated to
select a trunk of one character.

4. In a telephone exchange system, a first
exchange, a second exchange, a trunk cir-
cuit interconnecting said exchanges, a selec-
tor switch at said second exchange, local
and toll trunk circuits accessible thereto, a
source of battery supply connected to said
trunk circuits at said second exchange,
means for extending a- talking connection
over said trunk cireuit to said switch, means
for operating said switch to select an idle
local or an idle toll trunk circuit, a relay
connected in series with the talking con-
ductors of said trunk circuit, a signal at said
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first exchange, a relay associated with each
toll trunk circuit operating in series with
said first mentioned relay over a circuit in-
cluding said source of battery supply to mo-
mentarily short circuit said first mentioned
relay when a toll trunk circuit is selected,
and a local circuit completed for said signal
upon the momentary deenergization of said
first mentioned relay.

5. In a telephone exchange system, 2
first exchange, a second exchange, a trunk
circuit interconnecting said exchanges, local
and toll trunk circuits at said second ex-
change, a selector switch at said second ex-
change, means for operating said switch to
extend a connection over said trunk cir-
cuit to an idle one of either of said classes
of trunk circuits, a signal at said first ex-
change, actuating means therefor, a source
of battery supply at said second exchange,
electromagnetic means associated with said
toll trunk circuits and means for automati-
cally actuating said electromagnetic means
when an idle toll trunk is selected to operate
said signal actuating means, said actuating

3

means and said electromagnetic means being
controlled by said central source of battery
supply.

6. In a telephone exchange system, a first
exchange, a second exchange, a trunk cir-
cnit extending between said exchanges, a re-
lay connected in series with the talking con-
ductors of said trunk circuit and a relay
bridged across the talking conductors of

said trunk circuit, a signal at said first ex-

change, toll trunks and local trunks at said
second exchange, means including automatic
switches for selecting an idle toll trunk or
an idle local trunk, a source of talking bat-
tery at said second exchange for actuating
said series and said bridged relays, means
associated with a selected toll trunk for
momentarily deenergizing said relays, »
local circuit completed upon deenergization
ot said relays to actuate said signal, and a
locking circuit for said signal.

In witness whereof, I hereunto subsecribe
my name this 92nd day of December A. D.,

1920.
CHARLES L. GOODRUM.
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