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Specification of Letters Patent.
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Application filed April 20, 1909. Serial No. 491,043,

To all whom it may concern :

Be it known that I, Franx R. McBexry,
citizen of the United States, residing at New
Rochelle, in the county of Westchester and

“State of New York, have invented a certain

new and useful Improvement in Automatic
Telephone-Exchange Apparatus, of which
the following is a full, clear, concise, and

- exact description.
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«<all as in a mannal svstem.

My invention relates to telephone ex-
change systems and contemplates an arrange-
ment of circuits and apparatus whereby all
the operations incident to testing, connec-

“tion and restoraiion in a final selector are

performed automatically, speedily and with
absolute certainty. :

- One feature of my invention is concerned
with the provision of improved and sim-
ple automsitic means for testing a select-
ed line, transmitting a busy signal to the
calling station under the proper circum-
stances or completing connection to such se-
lected line, applying ringing current there-
to, establishing telephonic transmission cir-
cuits upon the response of the called party,
maintaining a busy test upon the multi-
ple terminals of such line during connec-
tion, and finally restoring the apparatus
and circuits to normal condition; these op-
erations being accomplished with precision,
in definite order, and without the necessity
of controlling action at the distant sending
apparatus. .

More particularly, my invention contem-
plates an arrangement of appuratus and cir-
cuits whereby a calling line may not only
be connected with the particular-line se-
lected, but if such selected line is busy and
there are other lines which will ‘as well
serve the purpose of the calling liné, connec-
tion will be established without any further
controlling act with one of such lines, if
one be idle, or, if all are found busy, a busy
signal will be automatically operated. -

The features of my invention aré mani-
festly applicable both to systems of! the

-purely automatic type, wherein the select:

ing switches are controlled by apparatus
at the subscribers’ stations, and te systems
of the semi-mechanical type, wherein the
selecting switches ave controlled by an oper-
ator at ‘the exchange who has veceived the

In accordance” with one feature. of my

present invention, the final selector,
which connection is to be made between a
calling and a called line, is adapted to ac-
commodate both ordinary subscribers’ lines
and groups of trunk lines. By this means
direct access is possible by the calling line
with either class of line. The selector is in
itself provided with means whereby a dis-
criminative test is made in such a manner

depend upon which class .of line has been
tested; the selector being provided with
means whereby, if an ordinary subscriber’s
line is selected by the external control, the
connecting circuit from the calling-line will
be connected to the line selected, if idle,
and ringing current automatically placed
upon the selected line; or if the line be busy,
the selector will cause a busy signal to be sent
back over the connecting circuit, but will
not permit connection to be made. between
the connecting cireuit and the desired line,

_the apparatus being thereafter restored to

normal.  When, however, the.line selected

througﬁ

&

‘that the further action of the selector will -

78

75.

and tested is one of a group of trunk lines, -

other than the last of such group, if it is
found busy the selector, instead of -trans-
mitting a busy signal, will proceed to test
each of the trunk iines of that group until
one is found which is idle, and will then
connect therewith; or if none of such lines
are idle, it will, after testing the last trunk
line of the group, then establish - a” busy
signal, as in the case of a busy subscriber’s
line. . :
My invention also involves means where-
by, after a line is tested and found free, and
the selector has completed a circuit to such
line, it will establish a busy test condition
upon all of the other terminals of such line
to prevent the seizure of this line by any
other selector: : . "
My invention also involves menns where-
by talking current is supplied to the called

80

-

311

90

95

subscriber from a central battery, as is re- -

quired by modern practice, the supply of

‘such talking current being under "the con-

trol of two relays located in, and individual
to, the final selector, one of said relays being
controlled by the called subscriber. -

My invention also includes certain details
of construction and organization of the ap-
paratus and circuits associated with: the se-

lector by which the foregoing -operations.

10¢
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and other operations incidental to the
proper establishment of connections may be
best aceomplished.

" The accompanying drawings which llus-

trate the preferred form of my invention,’

show in addition various features which
form no part of my present invention and
are not claimed in this application. These

features, however, are claimed in my appli-.

cations for Letters Patent as follows: Serial
No. 418,123, filed February 27, 1908; Serial
No. 418,124, filed February 27, 1908; Serial
No. 418,126, filed February 27, 1908; Serial
No. 451,867, filed September 5, 1908; Serial
No. 451,868, filed September-5, 1908; and
Serial No. 452,539, filed September 11, 1908.

In the drawings Figure 1 is a diagram
illustrating an automatic selector or con-
pector and its associated controlling appara-
tus and circuits; Fig. 2 is a diagram 1llus-
trating a few of the line terminals upon the
selector, together with the lines of different
classes connected to the respective termi-
nals; the connections being such as to enable
the testing apparatus associated with the
selector to discriminate between the differ-
ent classes of lines and to govern the opera-
tion of such selector and its associated sig-
naling apparatus accordingly; Fig. 8 is a
view in elevation of one form of sequence-
switch which ‘I prefer to employ for con-
trolling the local operating circuits of the
celector and its associated apparatus; Fig.
4 is a side view of the sequence-switch; Fig.
5 is a sectional plan view thereof on line
5—5 of Fig. 4; and Fig. 6is a sectional plan
view on line 6—6 of Fig. 4.

The same reference characters are used to
designate the same parts wheréver shown.

In the form of selector shown, the switch
carriage or movable element of the selector
is provided with a number of multiple sets
of brushes, any particular set of which may
be selected for service, and the switch car-

riage then advanced .over a series of sets
of line terminals until the selected brushes
are brought into engagement with the ter-
minals of a desired line. In case the ter-
minal so selected represents the first of a
group of lines, such as trunks to a private
branch exchange, any one of which will
serve the purpose of a calling subscriber,
the selector, in accordance with my inven-
tion, 15 enabled to make a further advance
over the series of line terminals represent-
ing such group, under the control of local
testing mechanism, until the selected set of
‘brushes reaches a set of line terminals rep-
resenting an idle line of the desired group.

To deseribe in detail the mechanism of
the particular selector shojy
carriage, or brush carrying member, is of
the rotary type, the frame 60 being mounted
upon a vertical rotary shaft 50. At the
outer end of the frame a number of con-

n, the switch.
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tact brushes 51, 52, 53, are mounted in posi-
tion to sweep over sets of line terminals
61, 62, 63, which are fixed in an insulating
frame concentric with the shaft. The con-
tact biushes are pivotally mounted so that
their free ends may be rocked outwardly
into position to engage the ends of the line
terminals which they pass over, or rocked
inwardly so that they will not contact with
such terminals. Spring tongues 54, 55, 56,
respectively, press against projecting arms
of the brushes, and besides making electrical
connectionr therewith, tend to rock the
brushes on their pivots in a direction to
throw their forward or contact ends out-
wardly. ‘The brushes are electrically mul-
tiplied in sets of three, and each set 1s nor-
mally latched against the thrust of the spring
tongues 54, 53, 36, by a catch 57 which is
normally held in .the path of movement of
the rear ends of said brushes. As shown,
the catches 57 are insulating bars mounted
on spring latch-arms 58, which are the Afree
ends or tongues of a spring metal plate 59
fixed to the rotary frameé 60. In order to
bring any set of brushes into position to
engage the contacts over which they travel,
they must be released by tripping the cor-
responding catch 57 to allow the brushes to
be rocked upon their pivots by their springs
54, 55, 56. This tripping of the brushes 1s
accomplished by a trip-bar 64 which is
pivotally mounted on an axis 65 and has at
its edge a series of projecting lugs 66 in po-
sition to be moved into the path of the re-
spective latch-arms 58 when the trip-bar is
rocked on its axis. S .

It is intended that only one of the sev-
eral sets of brushes shall be selected and

_tripped in a given operation, and the trip-

bar is therefore inclined at an angle so that
the tripping lugs will face positions suc-
cessively reached in the rotation of the
brush carrier frame. The trip-bar will be
actuated to thrust forward its tripping lugs
only for a moment when the end of the
lateh - arm controlling the desired set of
brushes reaches an angular position just in
advance of that occupied by the particular
lug which is at the proper height to engage
that arm. The movement of the trip-bar
may be gccomplished by a tripping-magnet
67, the movable armature 68 whereof 1is
mechanically connected to said bar. '

A segmental metallic plate 70 is mounted
in position to be engaged by the contact
ends of the brushes as they
plate estending to the end of the “trip
range”—that is, through the arc traversed
by the brushes as one set after another
through the series is brought into position
to be tripped. At the end of the trip range
the bank of line terminals 61, 62, 63, begins.
These terminals are arranged in sets of
three, corresponding in relative positions to
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the relative positions of the brushes by
which they are to be traversed, and the dif-
rerent sets are urranged in an are in posi-
tlon £o e ; tecessively reached in a point-to-
point rotary advance of the brushes. To
restore the brushes to their latehed position
when the selector cotirns to normal, an in-
sulating bar 95 is arranged to be passed
over by the brushes in their return journey,
the brushes in passing oser this bar being
raised thereby against the tension of their
springs, until their beveled vear ends slip
over the catches 57.

The motor mechaniem for rotating the
brush carvier frame may be as follows: An
ron plate 73 is mounted to rotate Wwith the
shaft 50, but in such 1asuner that it may be
given a flat wise or tilting moveuient into
engagement with one or the other of two
on friction-driving rollers 4, 75, which
ave loested on cither side of itg axis, said
rollevs Deing monnted upon @ constantly-
driven power-shaft 7¢. An electromagnet
77, which I term the cluteh magmet or power
wgnet. o wrranged to magnetize the driv-
ing rollers 74 and 75 to cause them to at-
tract the iren plate 73, Said plate is pro-
vided with cam sirfaces, w0 that in the nor-
tal pesition of the apparatus the surface
ol the plate on one side of the axis 50 wiil
be closer to the drivi wheel 75 than the
surface on the other side of wid axis s to
the deiving whee! 74, Normally, therefore,
when the power magnet is excifed the plate
73 will be drawn iuto enougement with
roller 75 to receive motion therefrom, and
the carvier shaft 50 will be rotated in a di-
rection to advance the brashes, A fter the
brishes have been advanced the distance Tre-
quired, the power maguet will be detner-
gized, the plate 73 will e released from its
eugagenient with driving voller 75, and said
plate will recover from its tilted position
spring washer 78. The
cam surface of the plate being now angu-
farly dispiaced from the axis of the driv-
ing rollers, the body portion of the plate
will be nearer to the “return™ roller 71
which is of larger diameter than the volles

7, s0 that when the power marmot is again
enevgized the plate will be engaged by voller
74, and the shaft 56 will be cobaied tlhierehy
in a direction to retwrn the rotary carrier
to nermal position.

A eum SO is carried by the rotary clement
of the selector to operate n swiich. On the
tirst votary movement, aud while the brushes
are passing the trip range, the eam forces
sald spring 81 agaivst an anyvil 82, and at
the end of the trip range the cnm allows the
spring- 81 to recede from contuct %2 and
ngage the alternate anvil 3. A make and

reals contact device or interrupter is also
arranged to be operated s the brush-carrior
of the selector rotates. As shown, an iu-

8

tervupter arm S4 i< pivoted in the earvier-
frame sintthardy to the Hrushes a1, 52, 53,
G weies gt s ocsaed cnd a roller 83
phich i adinpred to teavel over g toothed
sl 83, thereby cunsing the arm to vi-
orate. s the rollor rides ub on each tootl,
it iocks the
A contuct S60 870 and this contact remains
ciosed watil the roller has passed over the
teoth and has peavly reqchied the hottom of
the following noteh. A spring tongue 91
which is woanted npon bt insulated from
the Frame 600 presses against and makes
controvaus electrical covnection  with the
contact arm 86, A pivoted arm 93, the
fovt of which rides upon the smooth rim of
the toothed segment 88, has a rears rard ex-
tension which engages an insulating stud
cavvied by the arm 86, to hold said arm
sgainst the tension of the tongue 91. By
this corstroction the relutive positions of
the contacts 86 and 27 in any position of the
wishecarcier frame depend solely ipon’ the
clative distance of the roller 85 fi'om the rim

segiuent vpon the edge of

of the tuothed
which it vides, wnid ave inidependent of slight
variations in the radial distance between said
toothed segrment and the axis of rotation of
the hrash-cairier feanwe. The making and
brealiing of coutucts 86 and 87 as the brush-
cartier {frame rotates, is thus accurately
regulited aceording to the cutting of the
netebes i the segurent 88, A spring tongue
920 mennted upon but inadated from the
brush-carried frame. aud also insulated from
tongue 01, bears upon the arm 93, and serves
to make electrical connection to the contact
point 87, throvsl said arm 93, the rim of
the metallic segment S8 upon which it rides,
the roller 85 riding upon the edge of said
segnient, and arm S+ carrving said contact
point.  The teviminal wives of the cireuit
to be interrapted by said contact 86, 87, are
therefore soldered or otherwise connected
to the tengues 91 and 02 respectively.

The brushes 31, 52. 33, are electrically con-
nected in multiple sces by the terminal plates
b, 42, 43, the plate 11 having tongues 54
making contuct with all the brushes 51, the
plate 42 having tongues making contact
with all the brushes 52, and plate 43 having

3

tongues o6 making contact with all the
brashes 53, The two line wires and the test
wire of the circuit leading to the selector

ny be soldered or otherwise permanently
connected to the plates 41, 42 and 43, respec-
tively, and these three cireuit wires may thus
be electrically connected to any set of three
stationary terminals 61, 62, 63, in any hori-
zontal level by Hrst tripping the multiple set.
of brushies which travels over the required
level, and then causing: the brosh-carrier to
votate until the selected brushes reach the
desived set of terminals in that level, There
may be as many sets of brushes {within rea-

arne 31 a direction to close.
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sonable limits) as desired, and as many line
terminals as desired in each level. The par-
ticular selector shown will have, for ex-
ample, ten sets of brushes, and say ten sets
of line terminals in each level; but for sim-
plicity in the diagram there are illustrated
only two of the ten sets of brushes and a
few of the line terminals in each level.

The local controlling circuits at each se-
lector which must be established in definite
order at successive stages of the operation to
bring into service different devices or parts,
as desired, are, in the system in question, es-
tablished by automatic switching appliances
which I term sequence-switches, or electro-
mechanical relays. There 'is a sequence-
switch for each selector, which consists in
its elements of a movable switch operating
member, a-number of circuit-changers actu-
ated in sequence as said member is moved
from one position to another, an electromag-
net, and motor mechanism operated or con-
trolled by said magnet for advancing said
movable " member. In each position to
which the movable member of the sequence-
switch is advanced, a set of circuits is es-

_tablished by which a given operation of the

device under control is made possible, and at
the same time another circuit is established,
whereby the motor magnet of the sequence-

. switch may be actuated, so that the sequence

38

40

b

50

56

G0

switch will then be automatically advanced
to the next position, in which a new set of
circnits is established, bringing about a new

operation or electrical condition of the de- .

vice or devices under control, and so on. ,

In the form of sequence-switch mecha-
nism shown in Figs. 3 to 6 inclusive, the
movable member is a vertical rotary shaft 7
carrying a number of switch operating cams

8, said shaft being arranged to be driven.

by power applied through the agency of
an electromagnetic clutch. The constantly
driven power shaft 11 carries a friction driv-

ing disk 10 which is adapted to be drawn info-

engagement with a friction roller 9, carried
upon the shaft 7, by the action of a_clutch
magnet 12. The roller 9 and the disk 10 are
of iron, and the motor magnet 12 is adapted
when excited to magnetize said roller, 9
which serves as a rotary pole piece for sai

magnet ; whereby. the driving disk 10 is at-
tracted into engagement with said roller, the
rotation of the shaft 7 thus continuing as
long as the motor magnet 12 remains ex-
cited. . The cams 8 carried by the rota‘rﬁ
shaft 7 are arranged to operate switc

springs 13, forcing said springs into en-
gagement with outer contacts 15, or allow-
ing them to engage their alternate inner

. contacts 14, according to the positions of

65

gaid cams. As many cams and switches
may be provided as the particular apparatus
to be controlled may require. Certain of

the switch contacts operated in the succes-

1,117,212

sive positions of the movable switch ele-
ment may control circuits for the motor
magnet 12. . A special switch, such as shown
in Tig. 6, is also preferably provided to con-
trol a local circuit for said motor magnet,
whereby after the initial energizing circuit
is broken by one or the other switches the
motor magnet may still be excited by cur-
rent in the local circuit until the next in-
tended stopping position of the rotary ele-
ment is fully reached. As shown in Fig. 6,
the cam 16 for operating the “local” switch
is adapted to be engaged by a cam roller 17
carried by a pivoted switch lever 18. A
spring 19 is arranged to act upon said piv-
oted lever 18 so as to press the cam roller 17
against the edge of the cam 16. When the
roller 17 rides upon a tooth or high part of
the cam 16, said lever 18 closes a contact 20
which controls the local circuit for the mo-
tor magnet.
inclined edges, so that the cam roller 17,
after riding over the point of a tooth, is
forced down the opposite slope by the action
of the spring 19, and thus tends to push
against the cam to continue the rotation
thereof until the roller 17 reaches the bottom
of the following notch. The rotary element
is thus brought to rest accurately in each of
the positions where it is intended to stop.
In the operation of the device, the circuit
will first be closed for the motor magnet

* through one of the springs 13 and one or the
‘other of the contact anvils 14 or 15 of such

spring. Then, as the motor magnet is ex-
cited and the shaft of the sequence-switch
begins to rotate, the contact throngh which
the motor magnet was initially e xvited may
be broken, but the local circuit will be main-
tained for the motor magnet through the
contact 20 closed by the cam 16, and the ro-
tary element will thus continue to advance
until the cam roller 17 reaches the bottom of
the next notch of the cam 186.

In the diagram Fig. 1 the switch springs
of the sequence switch are not shown in
their actnal arrangement, but are so iveated
48 to give a clear arrangement of the cir-
cuits- and the operating cams are not
shown. . The positions of the rotary ele-
ment of each sequence-switch in which any
of its contacts (except contact 20) are
closed, are indicated by numbers placed ad-
jacent to such contacts; each contact being
open in all positions except those indicated
by reference numbers. For example, con-
tact 508 is closed in the first position, and
in the 11th position, as indicated by the
numbers 1, 11, placed adjacent thereto, and
is open in all other positions. In the case
of the special -contact 20 operated by the

“eam 16, the numbers are placed on the op-

posite side of the switch lever 18 from its
contact anvil, and indicate positions 1n

70
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ing closed continuously while the rotary ele-
ment of the sequence-switch is in transit be-
tween the positions indicated. It will be
noted that the numbers are not consecutive
between 5 and 13. but run “35. 9. 11. 13"
and so forth. Tt will therefore e under-
stood that the contact 20 is closed continu-
ously from the time the sequence-switeh
leaves the 5th position until it reaches the
th. not stopping in thé 6th. 7th or Sth po-
sitions.  Said coutact is also closed con-
tinwously from the time the sequence-switel;
leaves the 9th position until it reaches the
11th, and also from the time it leaves the
H1th position until it reaches . the 15th. In
the 5th, 9th. 11th and 13th pesitions. how
ever, {and in a1l other pozitions the num.
bers of which uppear) the contaet 20 is open
to permit the seqtience-switeh to come to rest
in_the positions =0 indicated,

I have not ilJustrated in detail the » <end-
ing apparatns™ for determiniue the scloet-
ing operation: but 1 havd diagrammati-
cally indicated certain switches for making
changes in the cleetrical condition of the
main_circuit «t a distant point. =ueh as
would in fact be made by the cotitrolling or
sending apparstus.  For the purposes of
this invention, it is immaterial how connce-
tion is made from the calling line to the
trunk line 301, 502, which terminates in the
selector: and it is likewise immaterial what
tvpe of sending apparatus is used to cou-
trol the selector. During sclection such con-
trol is effected from the different points by
the mere opening and closing of the cir-
cuit 501, 502, which terminates in the selec-
tor: and this circuit may be cousidered as a
tiere extension of the circuit from the eall-
ing line. After sclection the control is ef-
fected by a ground conncction assecinted
with the condnctor 501. This connection is
shown diagrammatically at 152, Tt will
therefore he unnecessary to sot forth the eir-
eitits, apparatis, and mede of operation of
the complete telephone exchange: suflicient
mformation being given herein to ciable
one skitled in the art to apply the present
mventisn to an auntomatic exchange svs-
tem of any desived type. '

The apparatus and cirenits to which 1
wish to direct particular attention are the
two test relays 3238 and 391, with thdir con-
neetions and azsocinted mechanisi. and {he
connections of the test terminals of the lines
shown in Fig. 2, :

Referring firsi to Fig, 2. it will be noted
that of the five sets of Tine terminnls shown,
the first set,
represents an ordinary  subseribers aline.
The second. third and fonrth sets of termi.

nals represent thrce trunk lines respectively,’

leading to a private branch exchange, and
the fifth set of terminals represents another
ordinary subscriber’s line. It will be noted

(reading from left 1o right) -
two relavy

that the test terminals 63 of ordinary sub-
sevibeis” Jines are connected, through the
ctit-off reluvs of suehr Hnes, to the positive
pole of a battery 300, the negative pole
vhereof is grounded. The same is true of
the test tovininal 657 o8 the Tast of the group
of three trunk lines feading to the private
branelr exchange 320, The test terminals
W of ol the trunks except the last ave con-
nected. throngh the cut-ofl velays of such
trunks at the contral oflice, to the negative
pole of o battery 3010 the positive pole
whereo{ s grounded.

Referring now to Fig. 1, it will be noted
that two test relavs 323 and 391 are ar-
ranged to Le connected in oseries in oa test
crrewit which Is completed -from the test
Lroshes 33 of the selector to earth. in cer-
tatn positions of the sequence switch.  The
relay 823 is o neutral relav. vesponding to
current of- either volarity: but it is of the
marginal type. being adiusted to respond
only when reeeiving the full current from
the hattery 200 or 301, through the cut-off
rebav of a line. When the test brush 53 of
the selector is in contact with the test ter-
mival of a Jine whieh already has a con-
nectHn at some other set of terminals, the
test relny 323 will not receive the full cur-
rept. since it is shunted by the bath already
established from another multiple terminal
of the line tested. at the previously estab-
lished connection.  In testing a busy line,
therefore. the marginal test relay 393 will
not respond. The relay 391 is polarized,
and will vespond only to current of the
polarite which is derived from the test ter-

2 of all trunk lines except the

minats 63
fast n each group: the last trunk line of
each group having a potential applied to
its test {erminal of the smme polarity as that
which is applied to the test terminals 63 of
ordinary lines.  The polarized test relay
391 will respond to current received from
the test terminal of a line, whether such
line is husy or not. The polarized relay
391 has, inoaddition to its main winding
3% which is included with the relay 823 in
the test cirenit. a locking winding 393 of
feeble energizing  power. This  locking
winding is suflicient fo hold wp the relay
armature while the brush is passing from
une test terminal to the next, but is so ad-
Justed with respect to the winding 892 that
noon the passage of current of the oppo-
site: polirity through the winding 392, the
polarvized test relay will be immediately de-
encreized and the armatuarve retracted. As
will hereafter e described in detail, the
323 and 391 in the testing cir-
enit et in combination to determine
whetlier the selector shall seize the line

tested and transmit a ringing or calling

signal to the called station, or whether a
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tant calling or controlling point; or
whether the selector shall further advance
its brushes to the next set of line terminalsin
their path, or an intermediate trunk line, of
a group leading to the same private branch
exchange. - '
The operation of the selector and its
associated apparatus is as follows: When
the circuit of the trunk line 501, 502, is com-
pleted at the distant calling or controlling
point, a line relay 520 is excited by current
from the free pole of grounded battery 504,
through the winding of said line relay,
through one winding of a repeating coil
570, which induetively unites the two parts
of the trunk line 501, 502, permitting -the
inductive transmission of telephone cur-
rents between the two sections thereof, to
line conductor 501, and thence to the dis-
tant controlling point, where said conduc-

~tor may be connected through a stepping

relay 308 of a sending apparatus, and
through the back contact of a stop relay
309 ¢f the sending apparatus, to the other
line conductor 502, thence through another
winding of the repeating coil 570, and
through a normally closed contact 503 of
the sequence-switch associated with the se-
lector, to earth. . The line relay 520, when
thus excited, closes at its front contact a
circuit from earth through a contact 508 of
the sequence switch, closed in the 1st or
normal position, through the motor magnet
507 of said sequence-switch, to the free pole

of the grounded battery 506. The sequence-

switch is thereby moved to its 2nd position,
in which contact 526 is closed, whereby the
line relay 520, which remains excited, com-
pletes at its front contact a circuit from
earth through said contact 526 and power-
magnet 77 of the selector to the free pole of
the grounded battery 525. The magnet 77
causes the power plate 78 of the seléctor to
be drawn into engagement with the friction

driving disk 75, which is constantly rotat-

ing, so that the rotary element or brush-
carrier of the selector is driven thereby, to
advance the brushes. As soon as the brush-
carrier begins to rotate, the cam 80 forces
the contact spring 81 into engagement with
the contact anvil 82, and thereby completes
a circuit from ground through said contact
81, 82, through contact 532 of the sequence-
switch to the motor magnet 507 of said se-
quence-switch, and free, pole of grounded
battery 506. The sequence-switch is thus
moved to the 3rd position, in which a set
of brushes may be tripped. As the roller
85 of the interrupter rides over the toothed
seginent 88, the contact 86, 87, is alternately
made and broken, and at each step a short
circuit is thereby completed from line relay
520, through contact 522 of the sequence-
switch, back contact 528 of the trip magnet
67, and interrupter contact 86, 87, to earth,
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short-circuiting the distant stepping mag-
net 308. Impulses are thus delivered to the
stepping magnet 308 at the distant control-
ling point as the brush carrier of. the se-
lector rotates, and these impulses may be
used to control the selecting operation, by
causing a step-by-step mechanism at the
sender to operate in unison with the point-
to-point advance of the selector.

When the sending apparatus has taken a
predetermined number of steps, it may
cause the stepping circuit 501, 502, to be
broken, as b~ 1 relay 309. The breaking of
this main  .cuit will cause the line relay
520 at the olector to be released. This wiil
leave the \rip magnet 67 connected in serics
with the power-magnet 77, over a cireunit to
ground through contacts 530, 551 and 553,
said trip magnet having been short-circuited
by the path through contact 526 of the se-
quence-switch and front contact of the line
relay 520, until said line relay was released.
As the brush-carrier frame of the selector
continues to rotate after the trip magnet 67
is excited by the removal of the short cir-
cuit controlled at the front contact of the
line relay, the first of the latch arms to
reach one of the tripping lugs 66 which
have been thrust into the path of said latch
arms by the trip magnet 67, will be engaged
by such lug and detained sufficiently to re-
lease the three brushes normally held by
such latch arms. These brushes will thus be
rocked upon their pivots by their springs 54,
53, 56, and their outer ends thrust into con-
tact with the grounded metal plate 70. The
particular set of brushes which is thus
brought into service will depend wpon the
number of steps through which the selector
had advanced before the trip magnet was
excited ; that is to say, upon the number of
steps which the sending apparatus took in
unison with the selector before breaking the

line circuit which released the line relay and

caused the set of brushes to be tripped.
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When the test brash 53 of the set which is -

tripped makes contact with the grounded

- metallic segment 70 of the selector, a circuit

15 completed from battery 504, through the
line relay 520, contact 538 of the sequence-
switeh, plate 43 (which is connected through
the tongues 56 to all the test brushes 53 in
multiple) through. the test brush 53 of the
particular set which was tripped to the
metal segment 70 'and earth. ~This circuit
causes the relay 520 to be again excited, re-
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establishing the short circuit of the trip _

magnet at the front contact of said relay.
When the rotary element of the selector
has advanced to such an extent that all the

brushes have been carried beyond the range

of the tripping lug (although no more
brushes can be tripped because the trip mag-
net has been released and its armature in
recovering has retracted the trip bar 64) the
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cam S0 allows the Spriey 88 ta voburn intn
P

contact with anvil 83, Thi. completes o ocip-
cuit from ground throvah spoing 91 g
coniact 830 coptacr 3o (e Sequenee-
switeh (o the woior mond A7 thercof,

wherehy sald soouenieaw e e moved fo
its Hh pesition.  In ihis position the trip
magnet 1= perinznenthy cui out of circat by
the opening of contact 350,

In the type of
e the seeieng - 1 preoyvided
extre neteh v advares of (he nopel
senting  positions in which {he ~elector
Lrushes rest upon the jine ferinals, s
the brashes Tear e {hie serient 70 ar the eng
of the trip range, {(he inferrupter voller &3
rides up on a long teoth 59 of the SeOment
88, and by closing coninet 86, 87, maintaing
a civenit for the line velas 320, thironoh con-
tact 522 ot the sequence-Switel, As the n-
ferrupter roller §3 Passes down from the
long tooth into the Brst noteh iy advance of
the series of notehes coy responding to {ine
cennecting positions of (he selocior brusites.
the civevit controlled by the intereapter con-
tact 86, 87 s broken. and the st of 4 few
series of selectinge Impulses e applied o he
main conductar 301 leading back 16 the Jis.
tant - controlling paint. The  efrenit will
have been 1onin completed at the sendor op
eontrelling point by this time, so that the
sending apparatus wili be again i condition
to receive and vespond to selecting npulses,
1% hefore.

When  “he selector T advanced ity
brushes to the tevininals of the desived tine
(this advance having been measored off at
the sending apparatus by the inpualses e
ceived from the sclector) the eireuit 501,
502, will be opened at the sending apparatus.
as by the netion of g stop relay 500, and ax
the mterrupter voller 85 entors the noteh in
the toothed segment 88 corresponding to the
pesition of the brush exrrier i wlhiich the
selected set of hrashes prest upon the terininal
of the desived line, the contact 86, ST, ix
opened, and the line relay 520 iu refeased,

Before, h«)\\'m'e:', the line relay 520 has
been veleased. a test cjpenit has been com-
pleted at the contact 552 of the sequence-
switeh, which etrenit, undoer conditions ta he
hereinafter de-cribed, will energize a pelay
to close an aflsrnative circuit fo maUntain
the enervgizaiion of L. power magnet 77 and
continae the meveent of the brishecarrior
tay be iraced from
the test terminal of the line pon the teymi
nals of which the brushee rest, and to which
1 potential is supplied through the ent-off
relay of such line, to the test brush 38 of the
selector, contact 532 of {}e sequence-switel,
windings of thé test rolyy 13- Cwinding 309
of the polarized test relay, contact 533 of the
sequence-switeh, to earth. The alternative
cireuit referred to may be traced from bat-

setector shown u the drga-
: with an

repre-

H

o

7

fery 523, power-miagnet 77, front armature
centact 555 of the polavized test relay 301,
wnd Dack contact 353 of the test relay 323 (o
cavth. Phis alternative circuit will only he
closed at sueh tines s the polarized test
reluy 391 0s energized and the test relay 328
i deinergized. Upon the release of the line
relay 320, the ejreuit through the contact
226 of the sequence switeh to the power mag-
et 77 1 broken. and unless the alternative
chreit to the power magnet has been closed,
the brush-carrier frame will cease fo rotate
and the selected set of brushes will be
hrought to pest apen the desived se of Jine
terminals.

As the armature of the line relay 520
reaches its back contact 1 civenit i coni-
pleted from  ground throngh the contact
o34 of the sequence-switch. to the moto;
magnet 207 and battery 206, wherehy the
sequence switeh s moved to ({ih position.
The test crrenit whieh o completed in the
fonrth position of the seaquence-siieh iy
mainiained m the Afth position.  If the Jing
selected, and upon whicl the brindis rest
when the reluy s relensed, is on ordinary
subseriber’s line wnd i bisy, neither {ost
and the alterna-

relay will have vesponded
L2IUZ Power mugtet 7T

Ve eirenit for ene
smee the enprent through
I‘?

will noi he -"ii).&?i,‘(l.
the test o

il s nor of the preper polarity
Lo energize the polurized relav 501, 1f the
fwe tested s an ordinaey suboeriners Line

and is nof brisy, the test relay 228 nlone will
respond: in either of these cuses the alter-
native elreait te the bower mgnet Y7 not
having been closed. the Lrugh carvier frame
will move no farther. Tf the hue tested iy
the first trunk ine, or any intermediate
trofilk hine of o groud, any oue of which wil;
serve the purpose of the calling subseviber,
as 1n case of g group of trunks leading o a
private hianel, exchange, the polavized test
velay 391 will have vesponded. The mnare-
gl test rolav, howevor, will vespond omly
i case the line tested is freo,
1T the Bne tesied ig
the test relay 325 will have pirevenied the
closure of {he alternative cireuit o the
power-magnet 77 and  the brivdi-enrvier
frame will stop. 11, Lowever, the Tine tos{ed
is busy, the polarized tocr relay having been
cuergized hax closed the altorns Ve etrenit
fo the power magnet 77, and the hrushoon
vier frame will continne to move until the
broshes vest upon the noyt set of terminals,
at which time, and before the power-maonet
V7 has been allowad to detnesrgize, the test
operation will be repented. 1€ the fine test-
e is the fiual tunk Tine in g group of trunk
hres, the test operation will be the sume as
for an ordinary sitbseriber’s Jine and need
Lot be again deseribed.

As the sequence switeh reaches its 5th po-
sition, in which the busy test is made, a cir-

and therefore

¢

free the enereization of

c

igd
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cuit is completed for the motor magnet 507
of the sequence-switch, either through con-
tact 541 and the back contacts 551 and 553
of the test relays 391 and 323; respectively,
or through. contact 540 of the sequence-
switch and front contact of the test relay
323, according as said test relay 323 is inert
or excited.. The sequence-switeh is arranged
to run through to its 9th position, under con-
trol of the circuit through contact 541 and
back contacts of the. test relays unless suffi-
clent current is received from the terminal
of the tested line to energize the relay 323,
or unless the line tested is a trunk line from
the test terminal whereof a potential is de-
rived of a polarity suitable to operate the
polarized relay 391.

In the 9th position of the sequence-switch,
in which it iz stopped in case neither of the
test relays is excited, a contact 542 is closed
in which tlie free pole of the busy tone in-
terrupter 560 is applied to the trunk line
302, to give a busy signal at the distant call-
ing or eontrolling point in a well known
mauner.  In case the line tested is a trunk
line te the'test terminal 63% whereof a nega-
tive potentiz! is applied, which is the case
with exch trunk line except the last in each
group, the polarized test rvelay 391 will be
excited and will break the cirenit for the
motor magnet 50T before the sequence-
switch can leave the Sth position. If now
the marginal test relay 223 does not respond,
as 10 case the line tested is busy, the alter-
pative civeuit heveinbefore described will be
completed from buttery 525, through power-
me et 77 of the selector, contact 558 of the
polarized test veluy and back contact 553 of
the margine ] test relay, to earth.  This cir-
cait has beer established before the power-
magret 77 has released the power plate 73,
and the brishies will not be allowed to stop
upon the terminals of the trunk line so test-
ed, but the rotation of the hrush-cavrier will
be continmued until the test brusly reaches the
terminal of a trunk line of the group which
is free. or until said test brush reaches the ter-
minal of the last trunk line of the group.
This Yast trank line has its test terminal con-
nected to battery of the same polarity as an
ordinarv line, and if it is busy neither test
relay 323 nor 891 will be excited, and the cir-
cuit for the motor magnet of the sequence-
switch will be completed through contacts
541, 351 and 553 in series, causing the se-
quence-switch to ron through to the 9th or
busy buck position, in which 1t will stop.

Tmediately after the conclusion of each
selecting operation which is determined by
the opening of the circuit 501, 502, at the
distant controlling point, a ground is placed
upon the ‘conductor 501, to cause the line
relay 520 at the selector to be excited, this
relay remaining excited during the. connec-
tion. This ground connection for control-
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‘ling the line relay 520 is located at the dis-

tant controlling point and need not be de-
scribed, as it forms no part of this inven-
tion, but is shown diagrammatically at 452.
When, as in the case of the failure to get a
connection and the receipt of*a busy signal
at the controlling point, the connection with
the trunk line 501, 502, at the controlling
point is taken down, the ground connection
452 will be opened and the line relay 520
will be released and will eause the selector
to be restored to normal condition, as will
hereafter be described. In case the line
tested is free, however, the test relay 328 in
its response will close a circuit from ground
through its front contact and contact 540
of the sequence-switch, to the motor magnet
of said sequence-switch, and battery 506.
The contact 540 remains closed from the
5th to 9th positions inclusive, of the se-
quence-switch, so that the latter does not
stop in the 9th or busy back portion, but
runs through to the 11th position, the local
contact 20 being closed while the sequence-
switeh 1s in transit between the 9th and 11th
positions.

In the 11th position a circuit for the mo-
tor magnet 507 mav be completed through
contact 508 and the front contact of the line
relay 5205 and unless the connection has
been prematurely taken down at the distant
controlling point the line relay 520 will still
be excited, and the sequence-switch will con-
tinue to advance from the 11th position to
the 13th, contact 20 being closed while the
switch is in transit.

In the 12th position the contacts 536 and
537 are closed, connecting the poles of the
ringing generator 536 to the line brushes 51
and 52 of the selector, thus applying ringing
current to the called line. This ringing cur-
rent will operate the call bell 571 at the sub-
station of an ordinary subscriber’s line, or
it will operate the annunciator drop 471
which is normally conneeted in the circuit
of each trunk line at the private branch ex-
change.  Upon the response of the called
party in the usnal way, the closure of the
cirenit of the called hine through the low
resistance telephone apparatus at the called
station causes an increased {iow of current
through the supepvisory relay 557, causing
said relay to attract its armature. This com-
pletes a circuit from ground through the
front contaet of said supervisory relay, con-
tact 543 of the sequence-switch to motor
magnet 507 thereof and battery 506 ; where-
by tha sequence-switch is moved to the 14th
pesion. . In this position the contacts 561
and 562 ave closed, completing the telephone
transmission circuit for the trunk line from
the repeating coil 570 through to the called
line. 'Responsive to the operation of the two
relays, that is, the supervisory relay 557 and
the selectar: sequence-switch, as just de-
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soribed, talking current is bupphed to the
called party from battery 571.

When the connection is taken down at the
distant calling or (:ontrolling point, and the
ground connection of the trunk conductor
301 opened. the line relay 520 1s released,
and eloses o circuit from groand through
the back contact of said line relay. contact
354 of the sequence-switeh to motor magnet
S0V thereof, ,.ml battery 306, The sequence-
switeh s therefore moved to the 15th posi-
tion, in which contacts 561 and 562 are
opened, and contact 576 closed, the latter
coprpleting a cireuit from  battery 525,
throngh the power-magnet 77 of the selec-

sor, contact 576 and back contact of the line
olay 529 to eartih. The power-magnet 77

e thus exeited, and as the rotary element of
the selector 1s now displaced from its nor-
mal position. the surface of the power plate
73wl be nearer to the veturn rvoller 7+ than
it is to the driving roller *75, so that said
plate 73 will be attracted into engagement

the veturn voller 74, and the brush-

with
carrier is rotated bueck toward its normal
position.  When the cam 80 in this return

inovement closes contact 81, 82, a cirenit is
comipleted  from  ground through contact
352 of the sequence - switeh to the motor
magnet 307 of sald sequence-switch and
Lmttuw 506, whereby the sequence - switch
is moved to its 16th position. As the
rotary element of the selector reaches its
normal  position the cam 80 allows the
spring 81 to close against contact anvil
83, thereby (-ompletmg a cireuit from ground

“through coutact 533 of the sequence-switch

t; the motor magnet theveof, whereby the
sequence-switch is moved on to its normal
posttiou, having completed a full revolution.
The whale apparatus has now been restored
to normal condition. Tt will therefore ap-
pear that the terminals located 1 the selee-
tor may be divided into two classes or
groups, first, those at which the movement
of the brush-carrier must stop, such as those
associated with ordinary subscribers’ lines
and the last trunk line of a group of trunk
lines, and those at which, 1f busy, it i1s de-
sirable that the brush-carrier should con-
tinue in motion. It should be noted that in
practice the cut-off relays connected to all
of the first class or group of terminals arve
connected to one battery of the proper po-
larity, and all of those connected to- the
other class or group are connected to an-
other battery of the opposite polarity.

It will be observed that the supervisory
relay 415 controls the supervisory lamp 413
and is in turn itself controlled by alterna-
tive circuits through the busy back #nd
through the armature of the relay 557. The
lamp 413 consequently serves at various
times to indicate that the line called is busy,
that the party upon the line called has an-

1=

swered or that a disconnection is desired.
‘This avrangement heing simple and well
twiierstood will not be further described.
't wiil also be observed that the arrange-
ment wherehy the line relay 320 and the test
relay 323 cantrol alternative contrelling cir-
cuoits at their front and bhack contacts, re-
apectively., not only ~i111|)liﬁcs the ecireuits
snd reduces the amount of necessavy uppa-
ratus, but also reuders the operation of such
lv'unls and apparatus unerring and posi-
tive.  This is particularly .1|)p1unt in the
case of the test relay. wherein the circuits
which control the only two alternative op-
erations necessary ot possible at the time the
test relay is brought iuto service are closed
by the wrmature of the relay at its front and
back coutacts. respectively, depending upon
whether 6r not the relay is encrgized. .\
false or imperfect operation of the appa-
ratus at this important stage in the opera-
ticn is. thevefore, manifestly impossible.
The same conditions ex? 1 in hardly less de-
gree in connection with the line relay 520
and the circuits controlled by it.

Having deseribed my invention, what I
claim as new and desire to securc by Let-
xms Patent 1s:—

“In a telephone exchange system, the
H)ml)lll(lli()u with a selector having access
both to ordinary subscribers’ lines and to
aroups of trunk lines. of contact brushes,
weans for advancing saxd brushes into con-
tact with the terminals of the desired line,
a civenit controlling the further advance of
said brushes, a test cireuit. a test relay ener-
gized when the test cirenit includes the test
contact of one of a group of trunk lines
other than the last of the group to close
sard eirenit to further advanece said brushes,
a locking winding on said relay in a local
civcuit and means for deénergizing said re-
lay when the test circuit includes the test
terminals of an ordinary subscriber’s line or
the last trunk line of a group.

2. In a telephone exchange system, the
combination with an dlll(lll)dtl(' selector, of
lines texmmatmg therein comprising ordi-
nary stubscribers’ lines and groups of trunk
lines, & test terminal for each line, a source
of cnrrent connected with the test terminals
of the ordinary subscribers’ lines and the
last trunk line of each group of trunks, a
scurce of current of opposite polarity con-
nected with the test terminals of the trunk
lines other thuii the last of the group, con-
tact brushes in said selector, means for driv-
ing said brushes, a test circuit including the
contact brush adapted to contact with the
test terminals. and a polarized relay having
two windings, one ¢f said windings being
included in the test circuit, the other of said
windings being of fecble enexgmmg power
and included in a local locking circuit, said
windings being such that the 1elay will be
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initially energized only when the test brush
is in contact with a test terminal connected
to the second mentioned source of current
and such that when the test brush is in con-
tact with a test terminal connected to the
first source of current, the energization due
to said locking winding will be over-bal-
anced and the armature retracted.

3. In a telephone system the combination
with a calling line, of a connector. swiich
containing terminals of trunk lines and of
ordinary subscribers’ lines, test terminals for
said lines divided into two classes by reason
of their’ being connected to sources of cur-
rent of dillerent polarity, a source of ring-
ing current, a busy back, a sequence switeh,
a movable contact member for the connector
switch, a test circuit, means including an
electromagnetic clutch for advancing said
contact member into engagement with a pre-
determined line terminal so as to complete
sald lest circuit, means for causing  said
sequence switch to move into busy back posi-
tion when a busy line is encountered whose
test terminal is of one class, means for pre-
venting such a movement of the sequence
switch 1f the test terminal encountered 1s of
the other class, and for completing a circuit
for the electromagietic clutch whereby the
movable contact of the connector switch
may be advanced to test in succession a
group of trunk lines until either an idle one
1s found or a test terminal of the first ciass
again encountered, and means for thereupon
advancing the sequence switch either to
ringing or busy back position depending on
whether or not an idle trunk has been found.

4. In a telephone system the combination
with a calling line, of a connector switch
containing terminals of trunk lines and of
ordinary subscribers’ Jines, test terminals for
said lines divided into two classes by reason
of their being connected to sources of cur-
rent of different polarity, a source of ring-
ing current, a busv back, a sequence switch,
a movable contact member for the connector
switch, a test circuit, means including an
electromagnetic clutch for advancing said
contact member into engagement with a pre-
determined line terminal so as to complete
suid test circuit, means for causing said se-
quence switch to move into busy back posi-
tion when a busy line i1s encountered whose
test terminal is of one class, means for pre-
venting such a movement of the sequence
switeh if the teést terminal encountered is of
the other class, and for eompleting a circuit
for the electromagnetic clutch whereby the
movable contact of the connector switch
may be advanced to test in succession a
group of trunk lines until either an idle one
15 found or a test terminal of the first class
again encountered, and means for interrupt-
ing said last named circuit upon the hap-
pening of either event and permitting the
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sequence switch thereupon to advance either

to ringing or busy back position depending
on whether or not an idle trunk has been
teund. ,

o, In o telephone system the combination
with a calling line, of a conneclor switch
containing terminals of trunk lines and of
ordinary subscribers’ lines, test terminals for
said lines divided into two classes by reason
of their being connected to sources of cur-
rent of difterent polarity, a movable contact

member for the connector switch, a source

of ringing current, a busy back, a sequence
switch having ringing and busy back posi-
tions, a test circvit including a marginal test
relay and a pelarized test relay, and circuits

adapted to be completed in contacts of said -

‘test relays to determine, in accordance with

the condition of the engaged test terminal,
whether the sequence switch shall remain in
testing position or go either to ringing or
busy back position.

5. In a telephone system the combination
with a calling line, of a powsr driven con-
nector switch containing terminals of trunk
lines and of ordinary subscribers’ lines, test
terminals for said lines divided into two
classes by reason of their being connected
to sources of current of different polarity, a
source of ringing current, a busy back, a
sequence switch, a movable contcct member
for the connector switch, a test circuit in-
clnding a marginal test relay and a polar-
ized test relay, means including an electro-
magnetic clutch for advancing said contact
member into engagement with a pnedeter-
mined line terminal so as to complete said
test circuit, cireuits adapted to be completed
in contacts of said test relays to determiine,
in accordance with the conditicn of the en-
gaged test terminal, whether the sequence
switch shall remain in testing position or go
pither to ringing or busy back position, and,
while maintaiming said sequence switch in
testing position, to also complete a circuit
for the electromagnetic clutch whereby the
movable contact member may be advanced
until an idle trunk is found or all of them
have been tested. ,

7. In a telephone exchange system the
combination with an automatic switch, of
trunks and individual lines to be tested
thereby, a sequence switch, a differentiating
test means for determining, first, whether
the trunk or line to which the switch has
been directed 1s busy or idle, and if idle to
cause said sequence switch to move to ring-
ing position, second, if said trunk or line be
busy to determine whether the contact is that
of a trunk or of an individual line, and if d§
a trunk to cause said automatic switch to
test the trunk contacts one after another in
search of an idle trunk, and when an idle
trunk is found to then cause said sequence
switch to move to ringing position, third, if
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said line is a busy individual line or if no
idle trunk line was found, to cause said se-
quence switch to move to busy back position.
8.-In- a telephone exchange system, the
5 combination with a selector, of a motor mag-
' met therefor, a busy signal appliance, a ring-
\ng generstob,.a marginal test relay, a po-
lurized test relay, and local circuits for said
.wmotor magnet, busy signal appliance and
10 ringing generator controlled jointly by said
relays.

9. In a telephone exchange system, the
combination with a selector, of a motor mag-
net therefor, a busy signal appliance, a ring-
% ing generator, test termijnals and a test

L

brush for saidsselector, sources of current of
different character adapted to be connected

to said test terminals, two test relays con-’

nected to said brush adapted to discriminate
between the different sources of current,and
local circuits for said motor magnet, busy
signal appliances and ringing generator con-
trolled jointly by said relays.

In witness whereof, I hereunto subscribe
my name this 19th day of April A. D., 1909.

FRANK R. McBERTY.

Witnesses:
D. C. TaxNEg,
F. T. WooDWARD.
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