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To all whow it may concern : :

Be it known that I, Fraxx R. McBerty,
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 Tmprovement. in
Telephone-Exchange Systems, of which the
following is a full, clear, concise, and exact
description.

This invention relates to telephcne ex-
change systems of the type in which auato-
‘natic switches or selectors are used for the
interconnection of telephone lines, and it
has for its object in general to provide im-
proved means associated with the selectors
thereof for governing their operation.

More . particularly the invention. has for
its ¢hject the provision of an improved ar-
rangement of apparatus associated with the
final switches or. selectors whereby various
kinds of lines. such as ordinary and private
branch. exchange lines, may be intercon-
nected. -

Tn telephone systems of the kind to which
this invention particularly relates. the lines
of any private branch exchange may be con-
nected to successive terminals in =z row on
the final switeh. the test terminals thereof
being’ connected differently from the test
ter minals of or dinary lines and the test cir-
cuit associated with’ the final switch being
provided with responsive means adapted to
discriminate between -the different (le%(‘b of
tines.  The"apparatus should also he -ar-
ranged in such a manner that if all of the
lines lending -to any private branch ex-
change to which connection is desired. are
bugv. the response of the final switch, upon
conneetion being made with the terminals of
the Iine following the last line of the group.
will be the sawe as or similar to the re-
spouse thereof when conneetion is made
with the terminals of an ordinary ' line.
With such an arrangement the final
will, it cmnecti(m 15 made to any of the
group of private branch exchange Tines, test
such line. making ronnection thereto if 1t
is nel busy bt passing on to the ter minals
of the next line if it is busv. If all the
private branch exchange lines of the group
are found busy, the switch will move on
to the terminals of the line following the
Inst private branch exchange line of the
group and will then respond in_the same
lnanner as though the connection had been

) Speciﬁcation of Letters Patent.

Apphcatlon ﬁled J’uly 23, 1910. Serial No. 573,517.

switeh,

ltented()ct 14, 1913;

o
made toa busy ordinary line, th‘mf is to sav.‘
it" will set into cperation the busy back’
signaling apparatus to notify the operatér
or the calling sibscriber that the des1red
connection cannct be seeared:

One- feature of the present invention con-
templates improved means of selectively
signaling the several substations of party
lines, this means being. combined and op-
erating in harmony with the means for dis-
cnmmatmfr between ordinary lines and pri-
vate branch exchange lines.

-Another feature of the invention contein-
plateq improved means for contrelling the

“busy back” signaling apparatus to “indi-

cate that a line or gronp of lines to which

cennection may be desired is busy.

f hese features of the invention and others
to” be deseribed. and pointed out:in the
claims, although capable of separate ern-
bodmmnt in telephcne exchange systems,
are, in'the parhcuh] svstem herein set forth

60
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combined in one svsten and embodied in

the "apparatus of a’ single final siwitch,

‘whereby such switch may perfmm the sev-
“eral functions required in an orderly ‘md

efficient manner.

80

An arrangement of the apparatus. at the' :

final switch or selector in accordance with
the above mientioned features of invention
mayv be briefly set forth as follows: All' of
the test .terminals of private branch: ex-
change lines. incln clmn the last terminal in
cach mm]p are ‘connected to a sonrce or'
sources of cnrrent of the same character,

and the test terminalg of all ordinary %ub

seribers’ lines are .connected to a source or
sources of enrrent of a different character
from that of the private " ranch exchange.
linex. The test cireuit of-the final switch
or selector is provided with electro-respon-
sive means. preferably in the form of a re-’
lay mntxollmo the selector- niechanism. to

“cause hunting of the brushes over the ter-
minals of private hranch exchange lines in 100

suceession. and if all of the lines represent- -
ed thereby are busv to cause the-brushes to
pess bevoud the group of private branch
exchange tmmlmls and to make ‘temporary.

connection to the line terminals next suc- 105 -

geeding the terminals of said group, 'the
selector méchanism being thereupon caused
to 8ive a busy back qlgnal to the operator:
or wmtmﬂ' subseriber. The temporary con-

rection s made without disturbing in the 110
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90
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"+ nals of two of the sets of términals of each

least the circuit conditions already existing.

at the terminals of that line, which may be

- "busy or idle, the mechanism in either case

10

operating as stated to give a busy signal,
indicating in this case that all of the private
branch exchange lines of the group tested
are busy. ' : _
‘The test terminals of private branch ex-
change lines are each connected to a source
of current having a different characteristic
from the souice of current to which "the
test terminals of ordinary lines are connect-

" ed.” Preferably the sources of current of the

15 r : .
°7 terminals of private branch exchange lines
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two, kinds of lines are characterized by a
difference in polarity, that is to say, the test

may be connected to negative battery and

the test terminals of ordinary lines to posi-’

tive battery. This enables the testing ap-
paratus associated with the selector or final
-switch to discriminate between the two
kinds of lines. S ‘ :
“The connection to party lines and the
means for seléctively signaling over such
lines arve provided for in the system herein
-described in a. manner which completely
‘harmonizes with the means for diseriminat-
ing ‘between ordinary and private branch

“excharige lines. These.party lines may have

four substations each, the signal bells at two
of the stations being connected from one
side of the line to ground.and those of the
other two stations being connected from the
other side of the line to ground; this being
an arrangement well known in the art.
Connections of these lines to the terminals
-of final switch mechanisms are made in such
a manner that each substation of a party
line has its individual set of terminals.
Each such set may be located at any point
in the system which corresponds to the num-
ber assigned to that substation. The ar-
rangement in this respect is similar to-the
well known “jack per station” arrange-
ment in manual switchboards. The ternm-

four-party line are connected teo the line
wires in reverse order to that .of the termi-
nals of the other'two sets; and the test ter-
minals. of one of each of said two sets are
connected to a source of current of the op-

_posite polarity to that to which the test

terminals of the. other two sets are comn-
nected. Thus the polarity of the test ter-
minals enables the testing apparatus of the
final switch to determine which of two ring-
ing’ generators (positive and negative pul-

sating) shall be connected in the line cir--

cuit; while the reverse connection of the
line wires enables the selected generator to

be applied to one side or the other of the

telephone line. The arrangement is there-
fore one in which the selector may be caused

. to make connection with a set of terminals

65

individual to each substation of a party line

1,075,430

and upon, making such connection to con-

nect a ringing generator in circuit so as to
operate the bell of the desired substation

without operating the bells at the other sub-

stations of the line, The testing apparatus

at the finai switeh in the system of .tl_le,in-(
vention is thus reguired to distinguish be-

tween two kinds of lines only—those in
which the test terminals are connected to
positive battery and those in which the test

teriminals are connected to negative battery.

The presence of positive battery means an
ordinary line or either one of two of the

substations of a party line, while the pres-

ence of negative battery means a special or
private branch exchange line’ or either one

- of the other two substations of a party line.

Tt will only be necessary in eonsidering the
operation of the final switch while hunting
over private branch exchange terminals and
testing at the line terminals mext succeed-
ing, to refer to ordinary and special or pri-
vate branch exchange lines. It will tend to

avoid confusion -if the party lines are dis-’
regarded with respect to such operation. Tt

will be understood, however, that the line
terninals next succeeding the group of pri-

_vate branch exchange terminals may be the

terminals of an ordinary line or those of a
party line ‘which have positive battery con-
nected to the test terminals thereof. It will
also be understood that when connection is
made te a party line and at a test terminal
thereof which is connected to megative bat-
tery, the operation of the final switch will
be the same as that which follows the con-
nection to a private branch exchange line;
that is; if the line is busy the brushes of the

" selector will be caused to advance to the

line terminals next succeeding the terminals
of the line desired .just as the hrushes are
caused to hunt over terminals of busy pri-
vate branch exchange lines.
quirement in the connection of the various
kinds of lines to the terminals at the final

“switch is that there shall be a positive test

terminal next succeeding each negative test
terminal of a party line and next succeed-
ing each row of negative test terminals of a
group of private branch exchange lines.
The method employed of controlling the

‘operation of the final switch mechanism to

discriminate between private branch ex-
change lines and ordinary lines involves an
arrangement of apparatus, whereby a dou-
ble test follows each selecting operation.
This doulle test is provided for by main-
taining the test circuit closed during two
periods, oné preferably closely following the

“other, means being provided to change the

mode of control so that the selector mecha-
nism is adapted with like line conditions to
respond in a different manner under the in-
fluence of the second test than under that of
the first. : '

The only re-
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If the line selected is an ordinary sub-
scriber’s line, the first test definitely deter-
mines the subsequent operation of the selec-
{or, but if the line selected is one of a group
of private branch exchange lines, the second
test instead of the first determines the sib-
sequent operation. The period of the sec-
ond test would in such case include the time
in which the selector is hunting over the
terminals of the group of private branch ex-
change lines. In case all of the lines of that

" group . are busy, the test circuit finally be-

15

20

26

8¢

comes closed (still during the second test
period) to a line test terminal next succeed-
ing the test terminals of the group of pri-
vate branch exchange lines, and the opera-
tion of the selector, resuiting from this clo-
sure of the test circuit, must necessarily be
differéent from that which follows the first
closure of -the test circuit. to the terminal
of a selected ordinary subscriber’s line.
Considering the operation more in detail,
the selector mechanism responds upon- the
first test, when an ordinary line is selected
to stop the selector if that line is idle, with
{he brushes in contact with the terminals of
that line, and to malke. the connections re-

‘quired to signal the subscriber wanted; but

if such line is'busy, the selector will under
the influence of the first-test cause a “busy
back ” signal to be given to the operator or

. waiting subscriber. On the other hand, the
selector mechanism will respond under the

35

45

50

second test, when the line selected is one of
a group of private branch exchange lines, to
advance the brushes to the terminals of the
first idle line of the group, or in case all
of 'the lines of thit group are busy to ad-

_vance the brushes to the‘terminals of the

next. succéeding line, whereupon, whether

that line is idle or busy, the busy signal will

be given. i
“The testing means for securing the method

. of ‘operation hereinbefore referred to may

comprise a relay in the test circuit, which
relay is.responsive to current of a distinctive
character and which controls the local cir-
cuit of a locking relay, which in turn deter-
mines the operation of the selector mecha-
nism. -And the mode of control.of the local
circuit of the locking relay by the relay in
the test cirenit may be changed by a switch-
ing .devicé iu the local cireuit in such a man-
ner that if the relay does not respond in the
first test period, it will be irresponsive to the
test relay in the second test period when it
meets: that condition at the test terminal
which would have caused it to respond dur-

- ing the first test period. This switching de-

1]

8L

vice may-be a sequence switch which also
maintains the test circuit closed during the
two test periods.

There are preferably twe test relays in
the test circuit, each relay heing responsive
te mirrent of 'a particular characteristic.r It

7]

s thus serve'to discriminate between different

lins been found desirable to have one of these

relays responsive to current of a given di-

rection, and the other-to current of given

strength. The first menticoed relay may’

. te) ; ! 70
kinds of lines, such as ordinary lines and
private branch exchange lines, while the sec-
ond relay may serve to discriminate hetween
lines svhich are busy and those which are
idle. The first mentioned relay may also
gerve as it does in the system herein de-
seribed to determine the kind of generator to
be connected for selectively signaling -the
subscribers of party lines.  When the test
cireuit is equipped with two test relavs, the
third. or locking relay is made responsive
under the first test only upon energization
of both of the test relays and, responsive un--

78

8e

“der the second test upon the energization of

the current strength relay alone, but not
upon the energization of both test relays, the
Jocal eircuit of the locking relay.being shifted
between the two test periods to change the
mode of control thereof for the purpose
heretofore stated. The lockidg relay may
gerve to close w shunt path which is of low
resistance in the test circuit, which path in-
cludes a second winding of the current
strength relay, the closing of thig shunt path
causing the line to which connection has
been made to test busy thereafter to other
selectors. "The main function of this lock- -
inz relay, however, is to control the opera-
tion of the selector mechanism. It does this
when energized, in part by closing a circuit
for the motor magnet of a sequence switch,
the sequence switch being thereupon caused
to advance to the “talking” position. It
furthermore serves as a means of testing the
eondition of the distant controlling appa-
ratus, so that under certain circumstances, if
the call has not been properly or completely
transmjtted, or if the operator should open
the contrelling circuit to “wipe out” the

85

80

95.

100

105

- connection which she had started, this lock- 1310

ing relay would respond by releasing its ar-
mature and cause the selector mechanism
te be returned to normal condition. To pro-
vide for this testing operation; the local cir-

‘cutt of the locking relay -is preferably con- 115

nected to a switch spring of the sequence.
switeh mechanism, this spring playing be-
{ween contacts, one of which is connected in

ccivenit with a:contact of a line relay in the

controlling circuit. - If the contrelling ecir- 126
cuit s open at any- of the times when the

Jocking relay cireunit is thus switched, the

locking relay will be released with the re-
sult stated, that is. the return of the mecha-
nism to normal.

A further feature of the present inven-

125

tion contemplates special meang emploved

for avtomatically operating the signal bell
of the ealled subiseriber snd. for actnating
switehing mechanism upon the response of 133
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said  subscriber to disconnect the ecalling

generator and to complete the talking cir--

cuit. According to this feature of the in-
vention, an -electro-responsive device or re-
lay arranged to be energized by current from
the vinging generator when the subscriber
responds, 1s provided with two windings—
one in the line circuit and one in a local
cireuit, this local cireuit including a nor-
nally open contact of said relay and a con-
trolling device for said switch mechanism.
This switch mechanism is preferably a part
of the sequence switch and it may be ar-
ranged not only to disconnect the generator
and complete the talking cireuit, but also
to disconnect the- eléctro-responsive device
or relay from the line circuit in order that
the line may be free from connections which
would in any way interfere with the efficient
transmission of voice currents. The local
circuit referred to is a locking circuit which
thereby insures the operation of the se-
quence switch upon a momentary closure of
the Iine cireuit. The switching mechanism,
however, quickly opens the locking cireuit
again and releases and disconnects the ring-
ing control relay. ‘

The system of apparatus and cireuits

Lerein deseribed embodies certain features
of invention which are not claimed in this
application. These are made the subject-
matter of other applications for patent by
me, of which may be mentioned the follow-
ing: Serial No. 516,769, filed September 8,
1900, Serial No. 515,933, filed September 2,
1909, Serial No. 531,369, filed December 4,
1909.  Serial No.” 573,516, filed July 23,
1910.  Serial No. 538,928, filed December 18,
1909. :

There ig shown in the drawings which
accompany this application, a single selec-
tor or'switch mechanism and the apparatus
associated therewith and entering inte the
control thercof. The selector shown is the

final switch, the last one of a series of simi-

lar switches which operate in succession in
an -actual exchange to interconnect. tele-
phone lines. S

In the drawings—Iigure 1 shows the cir-
cuits and apparatus which are dirveetly as-
goclated with the final switch mechanism;
Fig. 2 shows the mechanism and cireuits
of a trunk line and & suitable controlling ap-
paratus which mayv be associated and con-
nected with the final switch of Fig. 1 by
means of a trunk line; Fig. 3 shows the cir-
cuits of varions kinds of subscribers’ lines
to which connection may be niade by the
final switch of IMig. 2. Thege three figures
when placed side by side—Fig. © to the left
and Fig. 3 to the vight of Tig. 1-—form a
complete circuit diagram of the final switeh,
the appavatns entering into the operation
and control thereof and the -subscribers’
lines adapted to be connected thereby. Figs.

‘several sets in multiple.

4,5, 6 and 7 show in detail the structure of
a_sequence switch mechanism by which the
circults of the selector, the trunk line and
the controlling apparatus in each case are
governed. Figs. 4 and 5 are front and side
¢levations respectively of the sequence
switch, while Fig. 6 is a view in cross sec-
tion on line 6—6 of Fig. 5, and Fig. 7 is a
view in cross section on line 7—7 of Tig. 5.

In the form of automatic sivitch shown
in Tig. 1, the switch carriage or movable
element is provided with a number of sets
of multiple brushes, any particular set of
which may be sélected for service and the
switch carriage then advanced over a series
of sets. of line terminals until the selected
brushes are brought into engagement with
the terminals of a desired line. Thé switch
carriage or brush carrying member is of the
rotary type, the frame 21 of which is mount-
ed upon a central standard .or shaft 22. At

-the outer end of the frame a number of sets

of contact brushes 23, 24, 25.are pivotally
mounted upon but insulated from a rod 26,
and from each other, in position to sweep
over sets of line terminals 27, 28, 29. The
brushes have inwardly extending arms 30,

bearing against which, one for each brush,

are springs 31. Latches 32 one for each set
of three brushes, are pivotally mounted upon
a rod 33 and arranged to normally hold the
brushes from being rocked outwardly into
line with the stationary términals. Bear-
ing against the inner ends of the latches are
springs 34 which liold the latches firmly
against a stop rod 86. This stop rod 36
serves to prevent the. latches from being

75 -

80

85

90

95

100

moved forward too far after the brushes -

have been released. A stop bar 35 serves
to limit. the outward movement of the
brushes when the latches are withdrawn.
The latches 82 and stop bar 35 are of in-
sulating material so that the circuits con-
nected with- the brushes will not be crossed
thereby. The springs 31 make electrical
connection with the brushes; they are of
sheet metal and form the teeth of combs
which connect corfesponding brushes in the

terminals 37, 38 and 39 are provided for
the circuit connections to the springs and
brushes. Asthe brush carriage is rotated
to-cause the brushes to sweep over the fixed
terminals, the latches first pass by .a trip-
ping device or brush selector, by which any
desired set of brushes may be released and
caused to swing outwardly. This tripping
device comprises a shaft 40 provided with
radially extending fingers - 41 arranged
spirally about the surface of the shaft.
This shaft is adapted by mechanism, to be
presently described, to be rotated so as to
bring the fingers one after another into the
line of travel of the several latches on the
brush carriage. . Only one set of brushes

105

110

Suitable wire clip .
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is intended to be released in a given opera-
tion. The shaft is first rotated to bring a
particular finger into position to engage
the latch in the same level therewith and

tlien the brush carriage is rotated. In pass-

ing, the outward edge of this latch strikes

Ahe end of the finger, allowing one set of

three brushes to he released. Continued

_movement of the brush carriage brings the-
10

celected set of hrushes into engagement with
the rows of stationary terminals in the same
Jevel therewith, these hrushes trailing over
{Le terminals and making contact therewith
in passing. The brush carriage is finally
cansed to stop with the selected hrushes in
contact with some one set of stationary ter-
minals.  The other brushes, not being re-
leased. are held out of contact with the ter-
minals over which they pass. A further
imovement of the brush carrviage in the same

«lj\ﬂ:g'tion'of rotation will carry the brushes

¥

‘over a_vestoring roller 69, which may be

pivoted te the frame and which engages the

" free ends of the released set, causing them

45

50

<t

50
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[

to be pusheéd back into their normal latched
position. - After making a full revolution,
the brush earriage is brought to rest i its

normal position again. The brush selector

and the brush curriage of this switch mech-
anism are arranged to be moved one follow-
ing the other by suitable motor mechanisms
which: will impart to ‘€ach_a contimnous
movement. In order that. the sucee iv
posifions taken, by, each 1hevable member
may be stepped off or nieasyred, each-is pro-
vided with ap-inferrupter device adapted to

make and break a contact in the controlling |

circuit as the moving member passes, the
several positions at which it may be desired
to cause said’member to stop. This inter:
rupter device for the brush carriage coin-
priges a pair-of contact springs 48, 49 se-
cliredto ‘the shaft 22, but insulated from
@nid shafband from each other. \The outer
ends of tlege springs arve engaged by Iu-
wardly estending arms 44 and 45 of a pair
of levers 42, 43. which are pivotally mount-
¢il upon the red 26, These levers 42 and 43
are msulated from the springs 48 and 49

Ly ‘small insulating buattons at the ‘ends of

the arms 41 and 45, but are uninsulated from
the rod 26 which is connected to ground
through the frame of the selector mecha-
nism.  In the movement of the brush car-
riage a roller 51 on the free end of the lever
49 engages the teeth 53 of a cam plate 50,
thesrolle engnging each tooth as the brushes
are traversing the space between ithe succes-
cive terminals and dropping. into the notches

Letween the teeth as the brushes are cen--

trally Jecated in contact with said terminals.
While the roller 51 is riding over the teeth

of the plate 50 the curved end of the lever

2

43
52 of that plate.

is in engagement with thé ~mooth edge
A relative movement of

S

.

the levers 42 and 43 is thus obtained by
their engagement with the edges of plate
50 and this movement is, therefore, Inde-
pendent of slight variations in the radial
distance between the plate and the axis of
movement of the brush carriage. DBy this
construction the duration of contact between
the “interrupter springs 48 and 49 is made
uniform in the movement of the brush car-
riage, each make and each break correspond-
ing to a particular position of the brushes
with respect to the terminals.

[In the normal position of the switeh mech-

anisni, as shown in Figs 1, the fevers 42 and

F 43 vest in a recess 47 of a normal stop plate

16.- The entering edge 35 of this plate is
covered with insulating material in order to
prevent the free ends of the levers 42 and
43 from making electrical contact with the
plate 46 before redching the .full normal
pesition in which the ends of the levers drop
into the recess 47. . .

The interrupter for the brush  selector
comprises an arm 56 pivoted to the frame
at 37, engaging at its free end a toothed
wheel or cam ‘38 which rotates with the
shaft 40. This arm 56 is adapted in the ro-
tation of the shaft {0 engage two coutacts 59
and 60..- These contacts may be springs, the
free ends cnly of which are shown in the
drawing.. In its normal position the free

end of fhe arm 56 lies in a noteh of the cani.

58 which is Jeep enough to insure an open
connection with centact 59. When the shaft
issaway from its normal position, however,
cénnéection is-made contivously with contact
59. The connection with contact 60 is in-
termittent, this contact being made when the
arm 56 is lifted by each tooth of the cam.
There are as many teeth on the cam as there
are fingers 41 on the spindle 40 and there-
fore as many as there are sets of brushes.
The: motcr mechanisim: for causing rota-
tien of the hrosh carviage comprises an an-
nulyr ivon frictien disk 61 flexibly mounted
at the lower end of the spindle 22, an cles-
tromagnet 62 which may be fixed in any
suitable ananner to the, frame, and a.con-
stantly retating shaft 63 carrying an iron
Ariving voller 64, The disk 61, reller G

and that part of the shaft 63 which extends -

through the center of the electromagnet G2
“Forin the magnetic cireuit of the electromag-
pet 62, When therefore current is passed
through the winding of the magnet, the
roller 64 attraets the disk 61 and canses the
latter Lo rotate by frictional contact -there-

with.. A holding clectromagnet 65 having:

a pole picce 66 extending upwardly beneath
(he-disk 61 is adapted when enrrent is passed
thirough its winding to engage the disk and
hold it from maovement. The power shaft
63 is extended as chown in the drawing to
carry a flexibly mounted driving disk 0.
which is adapted to engage a rotler 67 car-
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ried by the spindle 40. « An eiectromagnet
68 controls the engagement of disk 70 and
rotler 67 in the saine manner that the elec-
tromagnet 62 controls the engagement of

“disk 81 and voller 64. These devices are in

fact electromagnetic clutches, one to' cause
movement of the brush carriage and the
other to cause movement of the brush selec-
tor. ‘
The complete selector switch mechanism is
not shown in the drawing, bui the elements
thereof appear in their proper relation to
ons ancther s0 as to make clear the manner
iniwhich the mechanism operates to inter-
connect lincs. 'There may be ag many sets
of brushes and stationary terminals as de-
gired.
may, a8 a whole, have ten sets of three
brushes each and two hundred sets of fixed

terminals avranged in ten levels of twenty

sets esch. For simplicity in the diagram
there are shown only two sets of brushes,

-the 8th and 9th counting from the top down,
‘and siz sets of stationary terminals in twe

levels corresponding to the two sets. of
brushes shown.

" The circuits at the final switch, as shown-

in Ifig. 1, and those at the centroller and at
the distans end of the trunk live,.as shown
in Fig. 2, are preferably governed in each
case by & seqitence switch. In general the
function of the sequence switch is o estab-
lish in 2 definite order at suocessive stages

of the opeiation the various circuits re-
-qguired to birifig into. service various'devices

or parts in proper séquence. . The sequence
switch consists 1 ifs slements of a movable
switch operating member, 2 number of cir-
etit changers actuated in sequence as said
member is moved from one position to an
other, an electromagnet, and motor mecha-

-nism operated or controlled by said magnet
for adveneing said movable member.

each position to which a movable member of
the sequence switeh ig advanced, a circnit or
set bf circuits is established by which a given
opgration of the device under control is
made possible, and at the same time ancther
cireuit is placed in a condition whereby the
motor magnet of the sequence switch may be
sulisequentiy actuated so that the sequence
gwitch will then be automatically advanced
to the next position, unftil a new set of cir-
cuits is established, bringing about a new
operation or electrical condition of the de-
¢z or devices under contrel, and so on.
In the form of sequence swiich shown in
Figs. 4 to 7 inclusive, the movable member

viea

is  verticel rotary shaft 76 carrying a2 num-

ber of switch operating cams 77, sald shaft
reing arrvenged to be driven by power ap-
plisd through the agency of an electromag-
netic clutch. The constantly driven power
shaft 78 carries a friction driving disk 79

. LN ) 3 N N N S e o
waich iy adapied to De drawn indo engage-

For example, the switch mechanism

edge of the cam 85,

In
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meat with a friction roller 80, carriéd upon
the shaft 76, by the action of a clutch mag-
net 81. The roller 80 and the disk 79 are
of iron, and the motor magnet 81 is adapted

when excited to magnetize said roller 80, o

which serves as a rotary pole piece for sai
magnet; whereby the driving disk 79 is at-
tracted imto engagement with said roller,
the rotation of the shaft 76 thus continuing
as long as the motor magnet 81 remains
excited. : DK
The cams 77 carried by the rotary shaft
76 are arranged to operate switch springs
82, forcing said springs into engagement

75

with outer contacts 83, or allowing them to g¢

engage their alternate inner contacts 84, ac-

.cording to -the positions of saidl cams. As'

many cams and switches may be provided
as the particular apparatus to be controlled

may require. Certain of the switch con- gg

tacts operated in the successive positions.of
the movable switch element may control cir-
cuits for the motor magnet 81. " A -special
switch, such as shown in Fig. 7, is-also pref-
erably provided to control a local circuit for
said motor magnet, whereby after the initial
energizing cirenit is broken by one or the,
other switches the motor magnet may still
be excited by current in the loeal cireuit

“until the next intended stopping position of -

the rotary element is fully reached. As-
shown in ifig. 7, the cam 85 for operating
the “local” switch is adapled to be en-
gaged by a cam roller 86 carried by a piv-
oted switch lever 87. A spring 88 is ar-
ranged to act upon said pivoted lever 87 so
as to press the cam roller 86 against the
When the roller 86
rides upon a tooth or high part of the cam
85, said lever .87 closes a.contact 89 which
controls the local circuit for the motor mag-
net.  The teeth of the cam 85 have. inclined
edges, so that the cam roller 86, after riding
over the point of a tooth, is forced down the
opposite slope by the action of the spring
88, and this tends to push.against the cam
to continue the rotation thereof until the

90
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roller 86 reaches the bottom of the follow- -

T

ing notch. The rotary element is thus
brought to rest accurately in each of the
positions where it is intsnded to stop. "In
the operation of the device, the cireurt will”
first be closed for the motor magnet through:
one of the springs 82 and one or the other
of the contact envils 82 or 84 of such spring,
Then, #s the motor magnst is excited and
the shaft of ths sequence switch begins to
rotate, the contact through which the motor
magnet wag initially excited may be broken,
but the local cireuit wiil be maintained for:
the motor magnet through the contact 89
closed by the.cam 85, and the rotary element
will thus continue to advance until the cam
roller 86 renches the bottom’ of the next

notch of the eam 85,

120 .
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The switch springs of  the sequence
switches do not appear in their actual ar-
rangement in the circuit diagrams, but are
so located as to give a clear arrangement of
the circuits; and the operating cams-are not
shown. In Fig. 1 the clutch or motor mech-
anism 81, its driving disk 79 and friction
roller 80 are shown in: their structural ar-
rangement, while the contacts 101, 162, 111
to 114, inclusive, and 201 to 27, inclusive,
operated thereby, are shown merely in their
proper circuit positions without regard to
structural arrangement. The positious of
the rotary clements of each sequence switch

in which any of its contacts, except contact

101, are closed, ave indicated by numbers
placed adjacent to such’ contacts; each con-
tact being open in all positions except those
indicated by reference numbers. IFor-exam-
ple, contact 102 is closed in the 9nd, 5th,
19th,-13th and 14th positions as indicated

_ by the numbers 2, 5, 12, 13 and 14 placed

25

30

35

40

adjacent thereto. In the case of the special
contact 101 operated by cam 83, the nwnbers
are placed on the opposite side of the switch
lever from its contact anvil and indicate the
positions” in which the contact is opened,
said contact being closed continuously while
the rotary element of the sequence switch is
in transit between the positions indicated.
1t will therefore be understood that the'spe-
cial contact 101 is closed continuously be-
threen positions 1 and 2, 2 and 5, 5 and 9, 9
and 11, 11 and 12, 12 and 13, 13 and 14, 14
and 16 and 16 and 1.
cighteen positions of the sequence switch
and the cams thereof will be caused to niake
one complete revolution in passing from
normal through the eighteen positions, and
hick to normal again. =

"The sequence switch spring which oper-
ages contacts 221 and 222 is of slightly dit-

forent construction from the others; in that

it is adapted to make either of said contacts

Lefore the other is broken. . Tt may be called
a “continuity ” switch. The reason for this.

continuity operation of these contacts will
appear presently. .

In addition to the sequence switch mecha-
hisni there are associated with the final
switch of Fig. 1 the following relays: 103 is

“a line relay, the operation of whicli is con-

o

65

trolled by current in the cireuit of the trunk

Jine 104,103 leacing to the controlling appa-
ratus of Tig, 23 289 1s a battery control relay.

ene of the functions of which is-to control’

the connection of battery 109 in the cireuit

_of the trunk line; 228 is a supervisory relay

which is included in that part of the trank
Jine which: leads from battery 229 throngh
windings 107 of a repeating coil 108 to the
Irushes 23 and 24 of the switch mechanizm;
230 is a ringing control relay. its function

Leing to cause the operation of the sequence:
switeh apon the response of the called sub-

There may be say |

4

-geriber to a ringing signal; 231, 232 and 23%

are test relays, their main function being to

discriminate between the different kinds and
different conditions of subscribers’ lines to
whicli connection may be made by the switch
mechanism. Relay 281 is of coinparatively
high resistance and is polarized. It is re:
sponsive to positive current only flowing
from the test brush 25. Relay 232 is re-
sponsive only to eurrent of a given strength,
i has two windings 236 and 237, the former
ein'e of somewhat higher resistance than
the Iatter. The winding 236 is in a branch
of the test civeuit whicheincludes the wind-
ing of relay 231, while winding 287 is in a
branch adapted to shunt relay 231 and wind-
ing 236. Relay 233 is in a local circuit con-
frolled by relays 281 and 232.

Contact 220 of the sequence switch con-
trols the connection of an interrupter 238,
the function of which is to give a “busy-

hack * signal to the walting subscriber or.

operator, It operates-directly upon the bat-
tery control relay 239, which in turn alter-
nately closes the trunk line with and with-
out the inclusion of battery 109.

Battery 109 is shown in the diagram, Fig.
1, in various positions merely” for conven-
jence. The positive pole of the battery 1s
connected to ground. Certain connections
are made from the free or negative pole and

certain other connections to a middle point |

in the battery which way be called the nea-
tral terminal of the bottery.

The polarity test relay 231 is arranged to
control the application of negative and posi-
tive pulsating current generators 234 and
935 to the connected line, a resistance 250 be-
ing interposed in the ringingcircuit to regu-
late the flow of current therein. A resistance
057 is included ina Joeal cirenit controlled
by sequience switel contact 227. A condenser
956 is planced in shunt of the line relay 103
in order to climinate {he timpedance of said
relay in the tatking cireuit. o

The following are given as suitable re-
sistance values for the various relays and
clectromagnet windings shown in Ifig. 1:
line relay 103, 1200 ohms; battery control

relay 239, 1000 ohms; supervisory relay 228,

95 ohms—preferably with a non-inductive
shuni; ringing control relay 230, each wind-
ing 250 ohms; polarity test relay 231, 250
ohms: marginal current test relay 232, 100
ohins in winding 236 and 50 ohms in ‘wind-
ing 237; motor magnet 81 of the -sequence
gwitch 500 ohuns; and the motor magnets 62
and 68 of the switch mechanism and holding
magnet 65, each 500 ohms. The resistances
250 and 257 may each be of 300 ohms; the
battery 109 may be of 48 volts potential, the
two parts thereof on either side of the neu-
tral point being of 24 volts, and battery 229
may be of 24 volts. These resistances and
voltage may he widely varied in practice, the

70

75

80

8b

90

95

‘100

105

110

115

120

125

130



10

-8 L

values given being merely those which have
proved suitable in practice.

Referring to Fig. 2, it will be noted that
the trunk line conductors 104, 104 are repre-

-sented as extending through three sets of

switch contacts. These are merely intended.
to indicate selector mechanisms which, in a-
large telephone exchange system; would be
operated in succession before the final switch
of Fig. 1. The trunk line circuit at the dis-

* tant or controlling end includes windings

15

20 .

25
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321 of a repeating coil 320 and a relay 823.
The coGperating windings 822 of this re-
peating coil' may be connected in - circuit
with a battery 319 and through suitable
mechanism to a calling telephone line.” Asso-
ciated with the trunk line .and controlling
the connections thereof is a sequence switch
mechanism similar. to that associated with
the final switch. There are shown for this
sequence switch a motor magnet 881, its
driving disk 879 and friction roller 380 and
contacts 801 to 311 inclusive. Contact 301
is 4 special contact operating similarly to
contact 101 of the final switch; it is arranged
te be closed while the sequence switch is be-
ing moved between the positions 1 andp6, 6
and 10, 10 and 15, and 15 and 1, as indicated.
In addition to the sequence switch contacts
there are shown in the circuit contacts 313
and 314 which may be manipulated in any
desired manner to assist in the control of the
sequence switch operation. Relay 323 has a
back contact 815 leading to sequence switch

contact 811 and a front contact 316 control-

ling the operation of a lamp signal 318
which is included in a local circunit with bat-
tery 819. Battery 312 serves as the: source
of current for various circuits associated
with the trunk line centrolling apparatus.
A suitable arrangement of controlling ap-
paratus is shown in Fig 2. This apparatus
may comprise a plurality of counting relays

“and a plurality of controlling switches or:
keys, together with a stepping relay . for!

operating the counting relays in. succession
and a cut-off relay adapted, when its cir-
cuit is closed simultaneously at one of the
counting relays and at the particular switch
or key which .is operated, to open the con-
trolling circuit and step the movement of
the selector. The circuits of the controlling

 apparatus may be governed by a sequence

55

60

switch, such a sequence switch being répre-
sented in Fig. 2 by a motor magnet 481,
its driving disk 479 and roller 480 and con-
tacts 401 to 408 inclusive. Contact 401 is'a
special. contact operating similarly t6 -con-
tact 101 of ‘the selector sequence switch. It
may be arranged as indicated to maintain
the eircuit of the motor magnet 481 closed
continuously while passing from, position 11

to position 13 and then from position 13 .

to position 11. Only so much of the eom
trolling apparatus is shown as cnters b

1,075,480

the operhtion'oi' the final switch mechanism.

‘In a large system employing a series of

selector switches operated in succession, the
sequence switch for the controller would be
provided with various other contacts than

70

those shown and the contacts shown would -

be arranged to be closed in other positions
than those indicated.” In the operation: of

the final switch alone, however, but two .

selecting operations are required—one to
govern the operation of the brush selector
and the other to govern the operation of the
brushes in moving over the terminals. - Each
of the sequence switches shown in Fig. 2
may have eighteen positions in all. -
Two ‘series or strings of counting relays
are shown in Fig. 2. One, the main series,

7%

comprises relays 441 to 448 inclusive; these

are adapted when energized to close contacts
461 to 468 inclusive, each of which is in se-

ries with one of the switches or keys 451 to,

488 inclusive -and. also with one ‘of the
switches or keys 471 to 478 inclugive. -Any -

relays when closed conjointly-with a corre-
sponding key' or switch is adapted to com-

“plete a circuit for a cut-off relay 423 and a

sequence switch controlling relay 425. = A
second of auxiliary series_of counting re-
Iays 411 to 418 inclusive is arranged to co-
operate ~with the ‘main .counting relays;
these are adapted under the control of-the
stepping relay 424 to be brought into- cir-

‘cwit and energized in alternate succession

with the main counting relays. The two se-
ries of counting relays may beé extended in'
an obvious manner to include any ‘desired
number, Co o a

" As will presently appear the stepping re- v
‘lay 424 is adapte ' '

to be energized and de-
energized intermittently while the selector
‘mechanisms of the final switch are being ad-

1, vanced from position to position. “Upon the.
1-first energization of stepping relay 424, a
1-cirenit is completed from battery 312 by. way
:of sequence switch contact 405, winding of

auxiliary counting relay 411, contact” 428
of main- counting relay 441 and front con:’
tact 432 of the stepping. relay 424, where-
upon relay 411 is energized and' closes a

Jocking cirenit for its winding by way of

contact 429. Relay 411 when energized also
closes contact 430 which places the: first.
main counting relay 441 in position: to be

-operated by the stepping relay when it is de-

energized, a circuit being then completed
from battery 812 through sequence switch
contact 404, relay 441, contact 433 of the sec-
ond auxiliary. counting relay 412, said:con-
tact 430 of the first;auxiliary counting: relay
411 and back contact 431 of the steppin

relay. Relay 441 is thereupon. energize

and it, like the relay 411, closes a locking
eircuit for its winding by way of contact
461. - As heretofore stated, contact 461 would

7

one of these contacts of the main counting
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also be in circuit with relays 493 and 425 if
the corresponding. key or switch 451 was
closed -at this time, and the energization'of

" relay 441 would in such case cause the cut-

10

15

off relay 423 to be operited and this relay
in turn would open the circuit of the step-
ping relay 424 at its back contact 422. Re-
lay 4253 would also be operated at this time,
if kay 451 were actuated, and close a cir-
cnit for the motor magnet 481. of the se-
quence switch by way of its condact 426
and sequence switch contact 402. The se-
querce switch may be considered as resting

in the 1ith position at this time and it

would therefore be advanced to the 13th po-
sition. In passing the 12th position, the

- locking circuits for the counting relays 441

20

25

" cuit before the circuit is opened at back con-
tact 422 of the cut-off relay depends upon

85
40
45
50
" 55
60

th

and 411 would be opened at sequence switch
contacts 404 and 405 and the circuit of the
stepping relay 424 would also be opened in
the 12th position at sequence switch contact
403 but closed again in position 13." Se-
quence switch contact 406, which was closed
in the I1th position, is open in the-13th,
while contact 407; which was open in the
11th, is now closet in the 13th.  The two
strings of counting relays’ are therefore in
position for operation again under the con-
trol of the stepping relay 424 and the second
series of keys or switches 471,478, Tt will be
rioted that the number of impulses of current
for intermittently operating the stepping re-
lay 424 which may flow over the trunk cir-

the particalar key which is actuated. If,
for example, key 453 had been actuated, the
circuit of the cut-off relay 428 would not be
closed until main counting relay 443 lLiad
been energized, and this would happen after
three impulses of current in the trunk line
cireuit. o _ :
It has been stated heretofore that the
switch mechanism shown in Fig. 2 was ar-
ranged to make connection with. various
kinds of subseribers’ lines. In Fig. 3-the
cireuits of such lines are shown in diagram-

matic form. An ordinary single party line

is indieated by line wires 501 leading to a |

substation 502. A four-party line is indi-
cated by conductors 508 leading to four sub-
stations 504 to 507 inclusive. The signal
bells at the substations of this party line are
of high resistance and are connected in a
well known way two from one side and two
from the other xide of the line to ground,

one bell on each side of the line being re- |

sponsive to positive pulsating ringing cur-
rent and the other bell on each side of the
line being responsive to negative pulsating

-ringing current. A private hranch exchange

is indicated at 508, this exchange being con-
nected with the switch mechanisms at the
main exchange by lines 509, 510 and 511,
terminating at suitable springjack switches

585 and drop signals 536. A plug 537 may
be used to extend the circuit of any one of
said lines 509, 510, 511 to any one of the
1b¢nl stations at the private branch exchange
508. The crdinary single party linc and the
private branch exchange hines are connecte:
to apparatus at the main exchange accord-

Q .

76

ing to a well known arrangement, each line

being provided with a springjack 534, a line
relay 531, a lamp signal 532 and a cut-off re-
lay 588, the latter being cennected in a third
wire connected to a tesi terminal 29 of the
final switch mechanism. By reason of the

“usual multiple wiring, this test terminal and

the line wire terminals would be connected

80

also to other test terminals of other switches -

having access to such lines. It will be noted
that the test wire of the ordinary single
party line is connected through the cut-off
relay 533 to the positive pole of battery 109,
while the test wires of the private branch
exchange lines are connected through cut-
off relays to the negative pole of that bat-
tery. 1t is this difference 1n the manner of
connecting the test terminals of these lines
which enables the tésting apparatus of the
final switch mechanism to distinguish be-
tween ordinary lines and private branch
exchange lines.

A somewhat different arrangement of cii-
cuits is provided for party lines. It has
alreally been stated that gach substation of

.a party line has its own set-of terminals at

the final switch. The test terminals for two
of the substations of the party line 503 are

-connected together by one test wire which

leads through winding 512 of a cut-off relay
514 to the negative pole of battery 109,
while the test terminals for the other two
subscribers of the party line are likewise
connected together by a test wire but through
a winding 515 of a cut-off relay 517 to the
positive or ground pole of battery 109. The
connections of the line terminals 27 and 28
for the two substations whose signal bells
are connected to one side of the line are

95

100

105

110

made in reverse order to those of the line

terminals for the other two substations—
this in order that the ringing generators

‘may, in each instance, be connected hy way

of the same brush 28 for ringing the bells
at every one of the four substations. Either
cut-off relay 514 or 517 is adapted to open
the normal circuit of the line conductor 503
to a line relay 518 and to ground. Tf con-
nection is made to a test terminal leading
to either one of these cut-off relays, a local
cirenit will be closed by that relay which
will reduce the potential at the test terminals
leading to the other cut-off relay. This is
accomplished without causing the energiza-
tion of said other cut-off relay. The local
circuit veferred to includes a second winding
of said other cut-off relay. ILet it be con-
sidered, for example, that connection is
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ade to the test terminal leading to wind-
ing 512 of cut-off relay 514. The energiza-
tion of this relay will open the éirenit of the
line at contacts 519 and 520, cne on one side
of the line and one on the other, and will
at the same time close contact 521, complet-
a local cirenit from the neutra] point of
battery 109 by way of normal contact
of cut-off relay 517, said contact 521,
winding 516 of relay 517, and winding 515
of the same relay to the ground pole of the
-battery.  Current flows in winding 516 in
this circuit in an opposite direction to that
of the current flowing in winding. 515 and-
relay 517 is not energized. In the same
manner, if connection should be made o the |

test teyminal leading to winding 515 ~f re-

il
£
i

ing

the

lay 517, this relay would open the Ii
cuit at contacts 523 and 5292 and close
cireiib at contacs 524 which would

indings 512 and 518 of relay 514, The
istances of these windings which have been
found -suifable in practice are as follows:
Windings 512 and 515, 100 ohms each, and
windings 518 and 516, 50 ohims each, The

namber of turns is approximately the same
in the two windings of esch cubt-off relay.

T
X

t will thus be seen thai the local circuit
- by either cut-off relay through the
windings of the othey will materially change
the potential at the test terminals connected
to said other cut-off relay. Tt may be stated
hers that the windings of the cul-off relays
of the ordinary subscribers’ and private
ch exchange lines may also be of 100
= each.

@ seversl sets of conductors leading to
oft in Fig. 8 are individual to the sev-

orel subseribers of ordinary and party lines
and to the several lines of o private branch
exchange and may be considered as con-
cted fo successive sets of terminals in a ,
Gle row at the final switch mechanism
2. The 2nd, 4th, 9th and 10th sets
‘rom the top dbwn, are connected [
y telephone line 503 and repre-
Mos. 71, 73 and 79,
onnected to the ordinary
01, subscriber Mo, 72; the
represent other ordinary single
stbseribers Nos., 70 and 77, the
therefor being not shown in the
Hoewever, the 5th, 6th and 7th
connecte 1 to the private branch
308, 310 and 511 respectively,

The third wirs- of each

. 78

of conductors is conmeeted 6 one of the
terminals 29 at the fnal switeh, = Tt
will be

i
noted that cach test terminal of g
celephone line which is connected to
ive pole of the buttery. 100 has
d beyond it in the line of travel
orash 25, which 1 donnected to
sle of the battery: also that
minala the three private |

pacty ¢

2
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'branch exchange lines are arranged in suc-
cession in a row on the final switch and
are followed by a test terminal leading to
positive battery. The test brush 25 of a
final switeh will accordingly be caused to
make contact with negative test terminal:
of party lines and of private branch -ex-
change lines, and if the party line or the
group of private branch exchange lines is
busy, the test brush will be caused imme.
diately thereafter to make contact with a
positive test terminal of some other line,
whereupon the signal will be given that
such party line, or such group of private
branch exchange lines is busy.

Before describing in detail the operation
of the system of Figs. 1, 2 and 3, it may be
stated that the several positions which the
sequence switches assume are characterized
in each instance by a particular condition
or operation o6f the mechanism governed
thereby; and these positions may conven-
iently be defined by ‘such conditions or op-
erations. ' Thus the selector sequence -switch
positions are as follows: 1, normal; 2, that
In which the brush selector is advancin
and transmitting impulses over the trun
line; 5, that in which the brush carri
advancing for line selection and is
mitting impulses; 6 and 7, those in
the test is made for
which a vetest is made for negative line and
in which a further advance of the switch
carriage may occur for private branch ex-
change hunting; 10, test of trunk line for
wipe-out operation; i1, that in which the
sequence switch may run to “busy back”
position; 12, the ringing position, 13, the
talking position; 14, the busy back posi-
tion; and 16, that in which the selector is
cansed to return to normal. Similarly the
positions of the trunk line sequence switch
may be defined as follows: 1, mormal; 6,
that in which the controller is connected to
the trunk line for brush and line selection ;
10, the talking position; 11 and 15, positions
in which the selector may be caused to re-
turn to normal; and 15, also that in which ‘
the trunk line sequence switch awaits the
return of the selector.

The controller sequence switch positions
are: 11, brush selection, and 13, line selec-
tion.

The operation of the system will be de-
seribed under several headings as follows:

. L. Selection of non-busy ordinary line.
~ 2. Selection of non-busy private branch -
exchange line. ‘

3. Selection of busy erdinary line.

trans-
which
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4. Selection of busy private branch ex- 195

change line, and
5. Return - of mechanism
knock-down operations.
It will be understood that the operation
of the switch which

ol wipe-out or

oceurs in the selection 139
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“of a party line subscriber is.either the same

as that which occurs in the selection of an
ordinary line, or as that which oecurs in the
selection of a private branch exchange line.
This is becauge the test terminals of party
line subscribers are connected either .to posi-

line, or to negative battery as are those of

o

a private branch excliange lines.

Selection of non-busy ordinary line—~ |

T.et it be assumed that the terminals of an

.ordinary line (subscriber No. 72) to which

connection is desired, are located in the 8th
level from the top of the final switch, and
in the 3rd range counting from left to right
in the direction of the travel of the brushes.
The operator, having received Instructions
from - a.calling subseriber to. establish this
connection, will first close switches 458 and
473, the first (458) to. control the impulses
for brush selection and the second (473) to
control the impulses for line terminal selec-
tion. ‘Switch 313 may then be operated,
closing a circuit for motor magnet 381 and
starting ‘the operstion of ‘the trunk .line
sequence switch, which thereupon. advapces
from the first or normsl position to the 6th

~position in which contacts 803, 804 and 805
are closed. A cireuit is then'completed over |

the trunk line as fcllows? battery 109, back
contact 260 of the battery control relay. 239,

winding of relay 103, sequence ‘switch con--

tact 211, conductor 104, the trunk line se-

- quence -switch- contact 304, the- controller

35
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sequence switch contact” 403; winding of
stepping relay 424, back contact 422 of the

cut-off relay 423, the trunk line sequence.

switch ¢ontact 803, conductor 105, sequence
switch contact 212 and back contact 261 of
the battery control relay 239 to the ground
pole cf the battery 109. - This circuit causes
the energization of the stepping relay 424
at the controller and of the line relay 108

at the final switch. The energization of the

stepping relay 424 completes a circuit here-

tofore ‘traced for auxiliary cofinting relay |

411, cne-half step being thus taken in the
movement -of the controlling -apparatus.
The energization of line relay 103 causes a
circuit to be completed for the motor mag-

‘net 81 of the selector sequence switch (Fig.

1) by way of sequence switch contact. 203

.and the front contact 124 of the line relay

103." The selector sequence switch thére-
upon advances to the 2ad position.

In the second position of the selector se-
quence switch. a- circuit is closed for the
motor magnet 68 of the brush selector by
way of sequence switch contact 204 and the
front contact 124 of the line relay, where-
upon the shaft 40 is rotated, causing an in-
texmittent closing of its interrupter arm 56
and contact 60. This contact is closed once
for each position in which the shaft 40 is
adapted to be placed for selecting a set of

brushes, Upon the first and each subsequent
closure of this contact, a shunt cirenit of the
trunk line is completed by way of sequence
switch contact 223. The slepping relay 424
is thus intermittently degnergized in the
movement of the shaft 40, while the line re-
lay 103 and motor magnet 68 remain engi-
gized continuously. At each dednergization
of relay 424 a cireuit is completed for one
of the main counting relays 441 to 448, these

relays operating in succession in a manmer-

already described. When relay 448 is ener-

76

75

gized' a cireuit is completed for the cut-off .

relay 423 and the sequence switch control-
ling relay 425 by way of sequence switch
contact 408, key 458 and front contact 468
of counting relay 448. Relay 423 thereupon

80

opens the trunk line circuit at its back con- -

tact 422 and the brush selector upon reach-.

ing its 8th position from normal is caused’
to stop in that position, the ciicuit of the

85

motor magmet 68 being opened at the front

contact 124 of the line relay 103, which is
deénergized upon the 8th interruption of the
shunt path at contact 60. The controller se-

“quence switch is now advancing to the 13th

‘position and a circuit is completed for the

motor magnet 81 of the selector sequence
7switch by way of sequence switch contact
102, back contact 243 of the battery control .

relay 289 and back. contact 121 of the line

relay '103. . In the position taken by the:

shaft 40, of the brush selector, one of ‘its
fingers 41—the 8th from the top in this in-
stance—is pointing inwardly in line to en-

- gage a latch 82, holding the Sth get of

90 .

100

brushes 23,-24 and 25 normally retracted. -

The selector sequence switch now advances
from the 2nd to the 5th position in which a
circuit is completed for the motér magnet 62
of the brush carriage by way of sequende
switch contact 111 and front contact 124 of
the line relay, the line relay having been en-

ergized again by reason of the reclosing of .

the trunk -circuit at contacts 403 and 4929,
while the selector sequence switch was ad-
vancing to- the 5Sth position.
stage of rotation of the brush carringe, tlie
inwardly projecting finger 41 on the shafi
40 engages the edge of the latch 32 and re-
Teases the set of brushes 23,24, 95, which are

cludes the terminals of the wanted line. As
thé brushés approach the fisst set of termi-
nals the levers 42, 43 of the brush earriage
interrupter engage the cam plate 50, and
when the roller 51 atthe free end of the levir
492 engages the first tooth 53 of said cam

In the first

106

110

-in line with the row of terminals that in-.-

plate, a.short circuit of the sender cireuit

and its stepping relay 424 is closed by way.

of sequence switch contact 923, interrupter
contact - springs 48 and 49 and sequence
switch contact 225. A series of interrup-
tions between contact.springs 48 and 49 fol-

low as roller 51 drops into the notches be-, 1
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iz
tween teeth on the plate 50, the brushes at
the same time engaging successive sets of line
terminals. The controller key 478 having
been depressed, three such interruptions will
foilow before the circnit of relays 423 and
425 is again closed, the cireuit being com-
pleted in this instance by the energization
of relay 443. Relay 425 1s energized as be-
fore and the eontroller sequence switch is
thereupon caused to advance from the 13th
position around to the 11th position again;
and the line relay 103 being dednergized, its

- front contact 124 is opened and its back
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contact 121 is closed again, whereupon the
cireuit of the motor magnet 62 is opened and
a circuit for the holding magnet 65 is closed
by way of sequence switch contact 112, back
contact 243 and said back contact 121 of line
relay 103. The brush carriage is thus caused
to stop with the brushes in contact with the
third set of terminals in the 8th level. The
sequence switch motor magnet 81 is ener-
gized at the same time in a circuit completed
by way of sequence switch contact 102, back
contact 243 and back contact 121, and the
sequence switch moves from the 5th to the
Oth position. The controller sequence switch
in passing the 14th position in the mean-
time closes contact 403 which completes a
circuit for the motor magnet 381 of the
trunk line sequence switch, this cireuit being
completed from battery 312 by way of the
winding of said motor magnet 381, sequence
switch contact 805 and sequence switch con-
tact 408. The trunk line sequence switch
thereupon advances tothe 10th position. It
swill be noted that the trunk line cireuit is
closed, however, as soon as the sequence
switch reaches the 8th position and remains
clogsed in the 9th and 10th positions. ‘

In advaneing from the 5th to the 9th po-
sition the selector sequence gwitch intro-
duces various changes in the eircuit by
which the selected line is given a double
test. In passing the 6th and Tth positions
the firgt test is made, the circuit being closed
from the neutral point of battery 109
throngh winding 236 of the marginal cur-
rent test velay 232, sequence switch contact
209, winding of polarity test relay 251, test
brush 25, test terminal 28 and cut-off relay
533 of the ordinary subseriber’s line 501 to
the positive or ground pole of battory 109
Under the present assumptien that this line
is not busy, this cirenit will rveceive criv-
rent from the full potential of the positive
portion of battery 109 and relays 232 and
231 will be energized, whereupon a circnit
is closed for cnergizing relay 238, this eir-
cuit being by way of battery 109, winding
of relay 233, front contact 244 of yeluy 229,
sequence switch centaet 207 and Ffront con-
tact 245 of relay 251, Reiay 238 then be-
comes locked in a eirepit from batfery 109,

b
winding of relay 233 contact 246 of said

- of relay 232, this

_contact 925,

1,075,480

relay and sequence switch contact 229.- Re-
lny 232 alse clozes

by way of it

247 and winding 237
path shunting windings
236 of relay 232 and the winding of relay
231. By reason of the low resistance of the
shunt path just veferved to. the potential
at the test terminal 29 of the selector and
other test ferminals of other selectors con-
nected in wultiple therewith will be sub-
stantially lowered, thus creating a condition
under which the Iine to which connection is
now made will test busy to other selectors.
The second test takes place while the se-
quence switeh is in the 9th position, but, as
under .the present assumption, the ldcking
relay 238 was operated in the first test
pericd, nothing further happens during the
second lest period to determine the opera-
tion of the selector mechanism. In passing

out of the 6th position the sequence switch

opens the circmit of the holding magnet 65
of the selector, which circuit had been closed
in the 5th poesition through the back con-
tact 121 of the line relay. Before the 9th
position is reached by the selector sequence
gwitch, the trunk line is closed at contacts
806 and 307 so that line relay 108 is ener-
gized. Relay 238 having been locked in
circuit as staped, a cirenit is closed in the
Oth position for the motor magnet 81 by
way-of sequence switch contact 201 and con-
tact 248 of relay 233, the sequence switch
therenpon advances to the 12th position,
the circuit just traced being the means also
of moving the sequence switch past the 11th
position. " In the 12th position of the se-
quence switch, the circuit for relay 281 is
again clesed ab sequence switch contact
209—this in order to determine the polarity
of ringing current when selection 1s.made
to a party telephone line. Under the pres-
ent assumption this relay 231 would be en-
ergized -in the 12th position, opening con~
tact 289 and closing contact 249 connected
to the positive pulsaling current generator
2385. A circuit is now completed from the
pesitive pulsating generator 235 through
said contact 249, resistance 250, sequence
switch contect 217, brnsh 24, terminal 28,
one wire of line 501, the signal bell and con-
denser at.station 502, thé return wire of said
line, terminal 27, brush 23, sequence switch
contact 214 and winding 251 of the ringing
control relay 230, Current from this gen-
erator will nperate the signal bell, but is too
feehle to cause the energization of said re-
lay 280. Upon the response of the sub-
seviber te thig signal, however, the current
is strengthened by the closing of the low re-
sistance path through the telephone appa-
atus at the svhstation and velay 230 is
energized, whereupon a cireuit is closed
irom battery 109 through sequence switch

t 225, contact 254 of relay 230, lock-

n the test circuit
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ing ‘winding 253 of said relay, supervisory
relay 228, winding 107 of the repeating coill
109 and battery 229 to ground, relay 2380
remaing energized in sai(% circuit until the
sequence switeh passes out of the 19th posi-
tion.  The supervisory relay 228 is ener--
gized, completing a circuit for the motor

mmagnet 81 of the sequence switch by way’
~of sequence switch contact 218 and contact:

264 of the supervisory relay 228. The se--
quence switch. thereupon moves out of the
12th position and into the 18th or talking:
position, the supervisory relay 228 remain-
Ing energized in the circuit of the called!
Iine which is closed in the 13th position-at
contacts 216 and 118. .

In the 13th position of the sequence’
switch, contact 219 is closed, thereby com-
pleting a circuit for. the battery confrol re-
lay 239, which removes battery 109 from.
the circuit of the trunk line and closes this:
circuit again without battery - through its-
front contacts 262 and 263. The circuit of
the trunk line being now free from battery,
line relay 103 is deénergized. In fact, re-
lays 239 and 103 /are practically operated!

“together, the former opening contact 243’

and closing contact 255; while the latter
opens contact 124 and closes contact 121..
The circuit of the motor magnet 81 is, there-
fore, not affected and the sequence switch:
remains in the 18th position. - -
The talking circuit may be traced as fol--

 lows: One section leads from battery 819.
35

through windings 822 of repeating coil 320 to
the calling telephone line -(this line not be-
ing shown); the trunk section inclides re--
lay 323, winding 321 of repeating coil 320,
conductor 105, winding 106 of repeating coill
108, contacts 263 and 262 of battery controll
relay 239, line relay 103.shunted by con-
denser 256, ancther winding 106 of repeat-
ing ceil, 108, sequence switch contact 210,
conductor 104, another winding 221 of re-
peating coil 320 and sequence switch con-:
tacts 306 and 307, this section being free
from any source of steady current, but in-
ductively united by repeafing coils ‘with the
other'sections. The third section of the talk-
ing circuit may be traced as follows: battery

229, winding 107 of repeating coil 108, super- |

visory relay 298, sequence switch contact!

216, brush 24, terminal 28, ome wire of line

501, telephone apparatus at substation 502,
return wire of line 501, terminal 27, brush
23, sequence switch contact 118 and another
winding 107 of repeating coil 108 to ground.
In this 13th position of the sequence switch,
the brush selector is returned to normal
pesition, a circuit being completed for the
motor magnet 68 through ‘sequance switch
conttact 205, contact 52 and arth 56, When
the shaft 40 reachess11Mul position the free
enil of the arm 56 drops into thie deep noteh
star wheel and opens the cirenit a¢

1
ISR SR

A3

.contact 59, whereupon the shaft comes to
rest. . - .

When the called subscriber replaces his
receiver on its switch hook at the end of the
conversation the line circuit is opened, caus-,
ing supervisory relay 228 to be degnergized,
whereupon the circuit of the battery control

‘relay 239 is opened at contact 264 of -said
supervisory relay, battery 109 is again in-
clugled in the circuit of the trunk. line, and
line'relay 103 is energized. Relay 823 at the
contrgller end of the trunk line is also ener-
gized and closes the 1dcal cirenit of the
supervisory lamp signal 318. This indicates
to the operator that the called subscriber
has hung up his telephone. - In response to
the lighting of supervisory lamp signal 818,
the operator may cause switch 314 to be
closed, which completes a circuit for motor
magnet 381 by way of sequence switch con-
tact 308. The sequence switch for the trunk
line thereupon moves out of the 10th posi-
tion and advances to the 15th. In passing
out of the 10th position' the circuit of the -
trunk line is opened at contacts 306 and 307,
whereupen line relay 108 at the selector is
deérergized. The battery control relay 239
being also deénergized at this time, a circuit
1s completed for the metor magnet:81 of
the selector sequence switch by way of se-
quence switch contact 102, back contact 243
of the battery control relay 239 and back
contact 121 of line relay 108. - The sequence
switch thereupon advances to the 16th posi-
tion, the circuit for the motor magnet 81
:just traced being the means also of causing
the sequence switch to-pass by the 14th posi-

circuit for the locking relay 233 will be
opened- at sequence switchcontact 222. Tt

closed" before contact 222 is opened, there is
no path completed for relay 233'by way of
contact: 221 in this instance, for thé reason
that line relay 103 is detnergized and its
front comtact 124 ig at this time open.. The
deénergization of relay 233 causes the open-
ing-of the test circuit throngh winding 237
-of relay 232 so that this relay id also de-
energized. The immediate result. of the
opening of the test circuit is the removal of
the busy test condition at the line of the
connected subseriber. - Upon reaching, -the
16th: position, the sequence switch «closes a
circuit for the selector motor magnet 62 by
way of sequence switch contact 114, back
contaet” 257 of relay 232, sequence \switch
contact 208 and contact 258 of relay. 231.
The brush carriage of the selector is there-
upon moved around:to normal posigion_an‘d
when this position is . reached, s circuit is
closed for relay 232 from' neutral point of
battery 109, winding 236 of relay 282, se-
quence swiich contact 215, the normal stop

plate 46 of the selector and levers 42 and 43
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to ground through the frame of the selector,
wherenpon relay 232 is energized, opening
ihe circult of the motor magnet 62 at its
back contact 252 and closing a circuit for
the helding magnet 65 at its front contact
944 this latter cirenit being completed by
way of sequence switch contact 206. - The
encreization of relay 232 also completes a
civeuit for relay 223, this circuit including
battery 109, front contact 244 of relay 232,

sequence switch contact 208 and contact 258

of relay 281. Relay 233 thereupon closes a
cireuit for the motor magnet 81 of the se-
quence switech by way of sequence switch
contact 201 and contact 248 of relay 233.
The sequence switch is thus caused to move
out of the 16th position and to be returned
to normal. The holding magnet remains
energized in the 16th and 17th positions of
the sequence switch. In passing out of the
17th position, the circuit for relay 232 is
opened at sequence switch contact 215. Re-
lay 233 is released in the 18th position by
the opening of sequence switch contacts 203
and 222.

It will be noted that the sequence switch
contacts 211 and 212 maintain their circuits
about the windings 106 of repeating coil 108
during the periods (positions 2 and 3) in
which the impulse sending operations oc-

cur. The trunk line conductors 104 and 103

are closed by way of windings 106, while the
sequence switch is in positions 6 to 14 in-

clusive, one side, conductor 104, being closed
during this period by way of contact 210.
Upon leaving the 14th position, a short
cireuit of the trunk line ig closed at sequence
switeh contact 213. This short-civenit
serves to prevent the closure of contacts 309
and 310 of the trunk line sequence switeh
from causing the cperation of line relay
103 at the selector. Upon leaving the 18th
position, the short circuit is removed and
relay 823 at the controlling end of the trunk
line is energized, whereupon a circuit is es-
tablished for motor magnet 881 of the trunk
line sequence switch by way of sequence
switch contact 311 and the back contact 315
of said relay $23. The sequence switch
thereupon moves out of the-15th position
and returns to normal. When the selector
sequence switch reaches the 17th position,
a locul test wire circuit is closed at sequence
switch contact 227, this circuit including re-
gistance 257 and certain electromagnetic de-

. vices 490 which may be associated with a

gelector immediately preceding the final
switch and which may be the means of start-
ing the restoring operation for such selec:
tors. '
8election of non-busy private branch ew-
chonge line—Let it now be assumed that
the operator had cavsed the actuation of
contrelling switches 458 and 475 for the
purpose of causing the final switch mecha-

1,075,430

nism to make connection with one of a plo-

rality of lines, say line 509 leading to pri-
vate branch exchange 508 (subscriber No.
74). The terminals for this line are lo-
cated in the 8th level and in the fifth range
on the final switeh and the mode of opera-
tion of the mechanism up to the time that
the selector sequence switch leaves the fifh
position is the same as that already de-
ceribed except that the brushes 28, 24 and 25
will be caused to move to the fAfth set of
line terminals in the 8th level instead of the
third set as under the previous assumption.
The test terminal 29 of this set is connected
te the negative pole of battery 109 and as il
is assumed that the line is not busy, the po-
tential existing at that terminal when the
test brush’ 25 malkes connection therewith is
high. Therefore, as the sequence switch 1s
passing the 6th and Tth positions (the frst
test period), in which the test circuil is
closed at contact 209, relay 2882 is energized,
but relay 281 is not enerpized, the latter be-
ing unaffected by negative curvent. The
local cireuit for locking relay 283 is there-
fore not closed. When, how the se-
quence switch reaches the 9th pesiti
second test period bhegins the test , ;
ing agsin closed at contact 209, and a civ-
cuit iz cempleted for relay 233 by way of
front contact 244 of relay 232, i
gwitch 208 and nermal contact :
lay 281. Relay 283 is therefore energ
and. becomes locked in a cixc i
front contact 246 of snid velav 253 and se
quence switch contact 222, The conneeted
line 509 is now caused to fest busy to other
selectors by reason of the clesare of the low
resistance shunt path in the test cirenit by
way_ of contact 247 or relay 233 and wind
ing 287 of velay 232. The opening of baci
contact 257 of relay 232 prevents the m
magnet 62 of the selector from being e
gized to advance the selector. for hunting
over the terminals of the other lines leading
to the private branch exchange 508. o=
quence switeh is now caused to feave the bth
position by reason of the closure of contact
948 of :clay 233 and the mode of operstion
which follews is the same ag that previonsly
described, when the connection bad been as-
sumed to be made to a non-busy ordinary
line, except that in the 12th, the ringing po-
sition of the sequence switch, the polarity
test relay 231 ig not energized and the nega-
tive pulsating generator 234 instead of the
pesitive pulsating generator 235 is included

Tk
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the test terminals for certam subscribers
(for example Nos. 73 and 79) of party lines
are connected - to positive battery like the
test terminals of ordinary lines and the test
5 terminals of certain other subscribers (for
example, Nos. 71 dnd 78) of party lines are
connected to negative battery like the test
terminals of prlvnte branch exchange lines.-
The operation or non-operation of “the po-

10 larity test relay 231 in the 12th position. of:

the sequence switch is made use of in party
line ringing to connect a generator adapted
to opcrate selectlvely the signal bell of the
wanted party line subscriber.

15 Selecz‘z(m of dusy owdmm 7k Subscmbew’s
line.

ed lme 1s th'xt of a thV Ol’dln‘lIV subser 1be1‘ '

The test terminal 29 would therefore have a
low positive potential, and when the test
20 circuit is closed in the 6th and 7th pomtu‘n‘;
(the first test period) and the 9th position
(thesecond, test period) of the sequence
switch, )01(17 232 does not receive sufficient
‘current to cause its energization. Relay
25 231, however, is energized and when the
sequence switch reaches ‘the 9th position, a
cireuit is closed for the motor magnet 81 of
the sequonce switch by way of contact 201
and front contact 243 of relay 931, whereupon:
30 the sequence switch advances from the 9th to
the 1ith position. In the 10th and 11th.
posi
of relay 231 is open at sequence switch con-
tact 209 and said relay 231 is therefore de-
35 energized so that in position 11, a circuit is
completul for the motor magnet 62 of the
brush- carriage by way of sequence switch
contact 114, back contact 252 of relay 232,

sequence switch contact 208, and normal con-s

o
281,

40 tact 258 of relay The brush carriage
of the selector is thereupen caused to move
around to its normal position, a circuit then
being closed for relay 232 from the neutral
pole of lmurg 109, through winding 236

45 of relay 2 saqnenca switeh contact 215,
the norm ,1 _wi@p plate 46 of the selector and
levers 42 and 43 thereof to.ground through
the frame of the switch mechanism. Relay
232 is energized in this circuit and operates

50 {o complete a civenit for reluy 233 by way of
its front contact 244, ,supmue switch con-

tack 208 and normai contact 238 of rel: ay 231,

Relay 223 is therefore energized and closes
its locking circuit by way of contacts 246

55 and 222. Contact 248 of relay 233 is also
closed, whereupon a circuit is completed for
the motor magnet 81 of the sequence swifeh
by way of sequence switch
The opening oi back contact 257 of relay

50 930 breaks the circunit for the motor magnet
2 of the brugh mhmwe and the closing of

front contact 244 of said relay 232 closes at
the sume time a cireuit for the holding mag-
net 63,
65 by wr 1y of sequence switch contact 206, said +

sgelector to normal. -
1ons of t“hL sequence switch the cireuit.

contact 201.-

this Jatter circuit being cormpleted |.

A8

front contact 244, sequence switch contact
208 and normal contact 258 of relay 23

The switch carriage is thereupon caused to
stop in its nermal position, the function of

the holding magnet being as before to check "

the . mowment of the brush carriage sad-
denly upon the removal of motor power for
driving it. ‘The circuit of the holding mag-
net 65 remains closed while the sequence
switch is passing positions 11 and 12. A
circuit for the motor magnet 81 being closed
by tfelay 233, the sequence switch: admnvcs
from the 1ith to the 14th position in which
‘a busy back signal is given to indicate that
the line ‘desired is busy. In the 12th and
13th positions of the sequence’switch, the
circuit of relay -
switch contact 215, This relay is therefore
detnergized when' the sequence switch leaves
the 11th position.
mains energized in its locking circuit by
way of its front contact 246 md sequence
switch contact 292 until the sequence switch
arrives at the 14th position wherein relay
233 may remain energized for a moment in
the circuit completed by way of its frount
contact 246, sequence switeh contact 221 and
front contact 124 of line relay 121. Upon
reéaching- the 128th position, the sequence
switch cloﬂec contaet 205 to return the brush
In the lit L position ve-
lay . 282 iseagain energized in the circuit
heretofore "traced, which is completed by
way- of sequence ‘switch contact 215, Fi-
nally, in the 14th position of the sequence
switch, the busy back mtﬂlruptex 238 13
bwught into circuit with the battery con-
trol relay 239 by the closing of sequence
switch contact 226. This 1nten’upw canses
intermittent energization of said re! ay
whereupon current from- battery 109 is in
termittently applied to the cireuit of tho
trunk line conductors 104 and
battery control relay 239 and the line velay
103 are affected practically in unisen so'that
the operation of the sequence switch 15 not
effected to canse its advance from the 14 Hh
position., The intermittent application of
current in the trunk line mel ely causes flash-
ing of the supervisory Tamp signal 318.
The local circuit for test relay 233 -will be
opened at the front contact 194 .of the line
relay 103 and said relay 233 will be de-

Relay 233, however, re- g

e
o

232 1s open: at bequeme ‘

w©

¢

95
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106, The

115,

energized as soon as the busy back inter- .

rupter closes thu circuit of the battery con-
trol relay 2

In response 4o-the flashing of the super-
visory lamp. signal 818 the operator may.
bring aboeut restoration of the apparatus by
ciusin

end of. the trunk line to be- ¢losed. This

switch contact 814 af ‘the controller

12

12

completes a ciretiit for motor magriet.381 by
way of sequence switch contact 308.and. -

causes - the sequence .switch associated witlr -

the trunk line to be moved. from the 10¢h to 13@
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. sequence switeh

is

the 15th position thereof. Upon leaving
the 10th position, the ecivcuit of the trunk
line is opened at contacts 806 and 307, where-
upon line relay 103 at the selerior end of
the trunk line will not be energized by cur-
rent from battery 109 when the busy back
interrupter 238 next opens the clrveuit of
battery control relay 232, and a circuit will
be established for metor magnet 81 of the
selector sequience switch by way of sequence
switch contact 102, back contact 248 of velay

239 and back contact 121 of line relay 108.

The selector sequence switch is thus caused
to move out of the 14th positicn and is re-
turned to normal. ’

In passing the 16th position, a civeunit is
closed for the motor magnet 81 by way of
sequence switch contact 201 and contact 248
of wvelay 233, this relay being energized at
that tme in a civeait completed by way of
front contact 244 of relay 232, sequence
switch contact 208 and normal confact 258

of velay 231. Said relay 282 was energizedn.

in the i4th position by resson of the clo--
sure of sequence switeh 15, The
regtoration of the sequer + mecha-

e trunk line
ove described.
ch eachange
hart selection
with the ter-

nism at the contro
follows in the ninz
Selection of busy »
line—Let it be as
is made to conn 3
minals of the fir 0% of a group of
lines leading teo. private branch exchange
508 and that thig line is busy. The poten-
tial at the test terminal 29 would therefore
be low negative and the closing of the test
circuit.in the 6th, Tth.and 9th vositions of

tlie sequence switch would fail tn cause the

energization of either of the test v
2382, Thevefore in the 9th posit
is established for the motor m
wsh earriage by way of seq
contact 114, back contact 259
sequence switch contact 208 am
tact 258 of relay 231. The
thereupon moves the brushs
succeeding terminals of the
rate branch exchange lines.  This occurs
while the ence switeh remaing in the
Oth position and therefore during the sec-
ond test period, the eperation v gt

Lo as “private branch excha
The test cireuit i

einvs 231,

civenit
4 b
42 ot
hee sywitch

N P S 1139
rainy 232,

nurmal con-
carringe
the next
p oot pri-

av of

and each line is
tested as brosh es contact with (he test
terminal 29 of such line, the movement of
the brish carriage continuing until 2 non-
busy line is reached. Buch a line would

have Ligh negative potential at the test ter-

&

wminal so that relay 232 would be ener-
eized and canse the Brush we to stop,

magnet 62

&

iv opening the clvenit of molo
roeirenit

its back contact

L4,

tact

n
<Thus 1f

of the holding magnet 65 at it« front con-
any cne of the Jines lead-
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ing to the private branch exchange is idle,
connection will be made to that line. The
mode of operation which follows is the same
as that which occurs when connection is
made to the first private brasich exchange
line. In case all of the lines leading to a
private branch exchange to which connee-
tion is desired are busy, the movement of
the brush carrviage will continue until the
brushes pass beyond. the last set of private
branch exchange terminals, whereupon con-
nection will be made by said brushes to the
terwinals of a line leading to some other
substation. According to the arrangement
neretofore outlined and represented in Fig.
3, the terminals next succeeding a group of
private branch exchange terminals will be

70

75

80

those of an ordinary line or those of a party -

line, the test terminal of which is connected
to the ground or positive pole of the hattery.
Obviously the line to which connection 1s
thus made may be in the busy or idle con-
dition, but in either case it is necessary and

the apparatns is so arranged that the switch

carriage will be caused to stop momen-
tarily with the brushes resting upon said
terminals, but without causing a disturb-
ance -in the circuit of said line. And the
apparatus is arranged so that the brush
carriage will almost immediately, however,
e returned to normal position and the busy
back signal given to indicate that the group
of private branch exchange lines are busy.
Let it be assumed first that the potential at
the line test terminal next succeeding the
terminals of a group of busy private branch
exchange lines is high positive, this being

the condition when the line is idle. It will

.be rememiered that the test circuit is closed

at contact 209 in the 9th position of the
sequence gwitech., Relays 231 and 232 will
therefore Le energized the moment the test
brush tonches the test terminal 29 of
such a line. Relay 233; however, is not en-
ergized because contact 258 of relay 281 is
open. The energization of relays 231 and
252 will cause the brush carriage to be
stopped momentarily by opening the circuit
of the motor magnet 62 at contacts 252 and
258, And the ¢nergization of relay 231 will
also cause a civeuit to be closed for the
motor magnet 81 of xhe sequencé-switch by
way of contact 201 and contact 245 of relay
231, wherenpon the sequence switceh is caused
to move from the 9th to the 11th position,
in which a cireuit is again closed for the

motor magnet 62 of the sequence switch by-

[97:¢9)

way of back contact 252 of relay 232, se-
guence switch contact 208 and normal con-
avt 238 of velay 231. Relays 231 and 232
W upon the opening of the
{in el 209 wlhen the sequence
.
The brush car-
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-+ defnergized
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_ing operations being the same as those which
. occuir wpon the selection of a busy ordinary

lige. .Ff the test terminal next succeeding

“the terrainals of the group of busy private
“branghiexchange lines should havea low posi-
tive ‘potential, which condition, would exist .

"# the Jine were busy, relay 232 would not be

.gnergized upon the closing of the test circuit,

but relay 231 would be energized, opening
the circuit of motor magnet 62 of the brush

carriage at contact 258 and. closing the cir-

- cuit for motor magnet 81 of the sequence
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switch at contact 245. The sequence switch

“would therefore be caused to move out of

the 9th position and the remaining opera-
tions would be-the same as those which occur
upon the selection of a. busy ordinary- line.

The apparatus associated with the final |

switch is arranged not only to cause restora-
tion of the.swifch in the event of a selected:
line being busy, or after a successful con-
nection has been obtained, but also to cause
restoration under certain’ other conditions
which will be considered under the follow-
ing headings: - Co .

i. Restoration before ringing.: : :

9. Restoration during ringing period..

3. Restoration during conversation period.

© Restoration before ringing.~—1f the oper-

ator, after setting' up- a -condition at the
controller adapted to cause a particular se-

“lecting operation to take place, should de-
sire to reset the controller, for-the purpose.
‘say of correcting thi¢ mistake, she may pre-
vent the final switchi mechanism from.com-

pleting the operation which had been start-
ed and cause the switch and its appavatus
to be returned to.normal conditionin other
words, she may “wipe out’ a connection
already set up and establish a new condi-
tion at the controller adapted to cause a
new scries of selecting operations to take

place. The simple act of opening the: trunk-

line circuit pnder the several conditions to
be considered will' accomplish ;the restora-
tion desired. Tt it e assuiped, for ex-

ample, that the operation at the final switch.

had proceeded up to the time that the brush

selector was in motion and that the oper-.
ator then caused switch contaet 314 to De.

closed, thereby causing the sequence siitch
to leave the Gth pesition and- to open the
circuit of the trunk line at contacts 303 and
304, The immediate result will be the de-
energization of line relay 103, whereby the

circuit of the motor magnet 68 of the brush

carriage will be open at front contact 124
of the liné relay and the civetit of the motor
magnét 81 of the sequence-switch will be
closed by way of back contact 121 of said
relay, back contact 243 of the battery con-
trol relay 239 and sequence switch contact
It will be remembered that the se-
quence switch was in the second” position

during brush selection, so that it will now be

17

‘moved out of that 2nd position and into the
5th. Upon reaching the 5th position, the

circuit for the motor magnet 81 will remain

‘closed by way of contacts 102, 243 and 121,

the line relay 103 not being encrgized again
while the sequence switch is moving from
the 2nd to -the 5th position, as it is under
nermal operating: conditions. The sequence

“switch will therefore not stop at the 5th
“position, but will advance to the 9th. In the

6th posifion, relay 282 is encrgized in a
circuit from the neutral pole of battery 109,
winding 236 of said relay 232, sequence

and levers 42 and 43 to ground, and relay

932 will remain energized in this circuit -

until the sequence switch leaves the 1lth
position. . In ‘the ' 9th position, a cir-
cuit will be closed for relay 233 by way of
front’ contact 244 of relay 232, sequebce

switch contact 208 and normal contact 258

of relay 281. Relay 233 will thereupon be
energized and close a circuit for the motor

magnet 81 of the sequence switch by way of
- sequence switch contact 201 and contact. 2483

of said ,relay 233.
sequence switch (il thus continue past the
9th position and in the same way it will be
caused to move past the 11th position. In
the 12th and 13th positions, the circuit for
relay 232 is open at sequence switch con-
tact 215 so that this- relay closes its
back contact 257 and the sequence switch
is caused to move. past the 12th and 13th
positions by the closure of a circuit for mo-

tor magnet 81 through contact 202, back

contact, ‘252 of relay 232, sequence switch
contact 208 and normal contact 258 of relay
931, It will be noted that a second path
may be closed for motor magnet 81 in the

The movement of the ’
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“switch contact 215, normal stop plate 46
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105

12th and 13th positions, this path being com-

pleted by way-of sequence switch contact
102 and back contacts 243 and,121 of re-

lays 239 and 103 respectively. This latter -

cirenit is the means of causing the sequence
switeh to move past the 14th position. In
positions 14 to 17 inclusive the circuit pre-
viously {raced for relay 232 is closed by se-
quence switch contact 215. In the 16th po-
siticn, relay 233 is again energized in a
cirenit closed by .way of front contact 244
of said relay 232, sequence switch 208 and
contact 238 of relay 281. The sequence
switeh is therefore moted past position 16
by the closing of a civcuit for 1ts motor mag-

net 8i as sequence switch contact 201 and”

contact 248 of said relay 233. After pass-

110

115

120

ing ‘the 16th pesition, the sequence switch
runs - to normal under the control of the.

special contact 101, It should be noted that

the brush selector +was sent to normal in-™”

the manner before described when the se-
quence switch reached the 13th position.
Under théicondition assured, the brush car-
riage Jid arot leave its normal position.
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Tt may be that the circuit of the trunk
line is opened at contacts 303 and 304, while
the brush carriage is in motion. In such
event’ the brush carriage may be caused to
stop with the brushes resting in contact with
the terminals of any one of the several kinds
of subscribers’ lines; and these lines may be
either idle or busy. The test terminal of
sach a line may therefore be under one of
four conditions. Its potential may be high
positive, high negative, low positive or low
negative. If the potential is high positive,
the operation will be as follows: The open-
ing of the trunk line circuit causes line re-
lay 108 to be deénergized and as the sequence
switch is in the 5th position during the
movement of the switch carriage, a circuit
will be closed for the motor magnet 81 of
the sequence switch by way of sequence
switch contact 102, back contact 243 of re-
lay 239 and back contact 121 of relay 103
and the sequence switch will advance to the
9th position. The test circuit is closed at
contact 209 in the 6th, Tth and 9th positions

and the testing operations follow in the same

manner as in the normal opéeration of select-
ing an idle ordinary subscriber’s line. In
the 9th position, a circuit is clesed for mo-
tor magnet 81 of the sequence switch by way
of sequence switch contact 201 and contact
248 of relay 233. In the 10th position the
locking circuit of relay 283 would ordinarily
remain closed by way of sequence switch
contact 921 and the front contact 124 of line
relay 103, but in the present instance line
velay 108 is deénergized, its front contact
194 being open, and relay 233 is therefore
released. Relay 232 is also released by the
opening oficontact 247 of relay 233 and
when the sequence switch reaches the 11th
position a circuit is completed for motor
magnet 62 of the brush carriage by way of
sequence switch contact 114, back contact
a57 of relay 232, sequence switch contact 208
and normal contact 258 of relay 231.
switch carriage is therenupon caused to move

around to nmormal position, the remaining .

operations being the same as those which
follow the testing of a busy line, except that
when the sequence switch reaches the 14th

© position, it does not stop to give a busy back

55

60
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signal, but continues its advance movement
to normal. The circuit of this motor mag-
net 81 is closed in the 14th position by way
of the circuit previously traced, including
the back contact 121 of line relay 103. Sub-
stantially the same sequence of events oceurs
in case the brush carriage is prematurely
stopped with the test brush in contact with
a test terminal having high negative poten-
tial. On reaching the 9th position, the mo-
tor magnet 81 of the sequence switch remains
energized in a circuit closed at contact 248
of relay 233 and the whole apparatus Is re-

stored to normal in the manner already de-

The

RS

1,075,430

seribed. If the bi'uéh carriage had been

caused to stop prematurely with the test -

brush in contact with a test terminal hav-
ing low positive potential, the motor magnet
81 of the sequence switch would remain en-
ergized in a circuit including contact 243
of relay 231 and sequence switch contact
201. The sequence switch would then ad-

vance to the 11th position wherein the ecir- -

cuit for the motor magnet 62 of the brush
carriage would be closed as before and the
apparatus restored to normal.. If the brush
carriage has been stopped prematurely with
the test brush in contact with a test terminal
having low negative potential, this being the
condition which would ordinarily cause pri-.

70
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vate branch exchange hunting, the sequence

switch will advance to the 9th position as
before. Relays 231 and 232. will not be en-
ergized, however, and a circuit for the motor
magnet: 62 of the brush carriage will be
closed by way of sequence switch contact
114, back contact 252 of relay 232, sequence
switch 208 and normal contact 258 of relay
981. The result. will be a movement of the
brushes over the terminals just as in private
branch exchange hunting, the .brush. car-
riage presently being stopped with the test

brush thereof in contact with a test termi-

nal which has one of three conditions, viz.,
high positive, high negative and low posi-
tive. "The sequence switch will thereupon in
any case be caused to move out of the 9th
position, because either relay 232 or relay
931 or both will be energized and a circuit

.will be established for the motor magnet 81.

In the 10th position, relay 233 will be de-
energized by reasen of the open front eon-
tact-124 of line relay 103. The restoration
of the apparatus follows in the manner al-
ready described. '

Restoration during ringing period—1f
the ringing generator is connected in circuit
with the called line but the subscriber has

not answered the -call, the sequence switch

being at the time in the 12th position, resto-
ration of the dpparatus will follow the clos-
ing of switch contact 314 at the controller
end of the trunk line in the following man-
ner: A circuit is-closed for the motor magnet
381 .of the trunk line sequence switch and
said sequence switch will be advanced from
the 10th to the 15th position. The opening

of the trunk line at contacts 306 and 3807

when the sequence switch leaves the 10th
position will cause line relay.103 to be de-
encrgized, wheretpon a cirenit will be closed
for motor magnet 81 by way of sequence
switch contact 102, back contact 243 of re-
lay 239 and back contact 121 of linc relay

-103. The sequence switch will then adVa.n,gﬁ
ite

to the 16th position in which the sw
carriage will be returned to normal, in the
usual way.

Restoration during the conversation pe-
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riod—During the conversation period the
sequence switch .of
position, battery control relay 239 is ener-
gized and line relay 103 is. deénergized, the
circuit of the trunl linés 104 and 105 being
free from flow of battery current.  If at this
time switch contact 314 is closed to restore
the . apparatus, the trunk line sequence
switch will run from the 10th to.the 15th po-
sition. Upon leaving the 10th position noth-
ing will happen at the final switch; but when

the 14th -position is reached, current frem

battery 312 will flow oyer the trunk line by
way of the following circuit: from battery
819, through contact 310, winding of relay
393, winding 321 of repeating coil 320, con-
ductor 105, winding 106, repeating coil 108,
contacts 263 and 262 of battery control relay
939, winding of relay 103, winding 106 of

repeating coil 108, sequence switch contact

210, conductor 104, winding 821 of repeat-
ing coil 820 and sequence switch-contact 309

to the ground pole of battery 312.  Line re- |

lay 103 will thereupon be energized and a
cireuit will be closed for the motor magnet

81 by way of sequence swjtch: contact’ 102,

front contact 255 of r¢lay 239 and, front con-
tact 124 of relay 108." The restoration of the
apparatus will-follow in the manner already
described. ' g

I claim: , : ,

1. The combination with a selector, a test
circuit therefor, means for closing said test
circuit during two periods to make a double
test, and mechanism for controlling said se-
lector adapted to respond-in a different man-
ner to current flow in said circuit: during
said two periods. i T -

9. The combination with a selector, a test
circuit therefor and a responsive device in-

. cluded in said eircuit, of anjapparatus con-

50

‘several ' periods,

trolled in two modes by said responsive de-
vice, means for closing said test circuit, and
means for governing the mode of control of
said apparatus by said responsive device.

3. The combination with a selector, a test
circuit therefor and a Tesponsive device in-
cluded in said eircuit, of an apparatus con-
trolled by said responsive device; means for
maintaining said test circuit closed during
and means cperating to

. change the mode of contrél of said appa-

‘ratus by said responsive device in one of said

periods.

" 4, The combination with a selector, a test
circuit therefor and two responsive devices
included in said circuit, of an apparatus
jointly controlled by said responsive devices,

means for maintaining said test. circuit

60

closed during several periods, and means op-
erating to vary the mode of control of said

- apparatus by said responsive devices in said

periods. .
5. The combinatidn with.g selector, a test
circuit therefor and two respensive devices

the selector is in the 13th-

included in said circuit, each of sdid devices
being responsive to current of a particular
characteristic, of an apparatuscontrolled,

to change the mode of control of sai
ratus by said responsive devices. . .. .
6. The combination with a -selector, = test

included in said circuit, each of said;devices.

jointly by said responsive devices, an appa-
ratus included in said local circuit, means
for closing said test. circuit and switching
mechanism adapted to change the condition
of said local circuit to vary the mode of con-

vice. , ‘

7. The combination with a selector and a
test circuit therefor including a relay, of a
lecal circuit controlled by said relay, and a
switch adapted to change the condition of
" said local circuit during the closure of said

test circuit to vary the mode of control of
said local circuit by said relay. o

said circuit, of a switching device adapted
in its operation to maintain said test circuit

| closéd during several-periods, a-local circuit

jointly controlled by said relays, and means
operating in unison with said switching de-
vice and adapted: to change the condition of
said loeal circuit during the closure of said

said local circuit by said relays.

9. The combination with a selector, a test
circuit therefor and two relays included in
said circuit, of a switching device adapted in
its operation to maintain said test circuit
closed during two periods, a local circuit
jointly contrclled by said relays, and means
operating in unison with said switching de-
vice adapted to change the condition of said

the mode of control thereof by one of said
relays. . y ‘ o

'10. The comhination with a selector, a test
circuit therefor and two relays included in
said test circuit, one of said relays being re-
sponsive to current of one direction and the

test circuit in- operative condition during

device having an element adapted in 1ts
‘movement -to change the condition of .said
local civeuit. - . - S

" 11. The cembination with a selector, a test
circuit therefor and two relays included in

‘by said relays, and switching mechanism
adapted in its movement to maintain said

Ny

16"

being responsive to-current of a particular-
characteristic, of a local circuit confrolled:

circuit therefor and two. relays included in’

test -circuit to vary the mode of control of

said circuit, of a device jointly controlled -

jointly by said responsive devices, means for A
closing said test circuit, and means adapted 7
| appa- -

wircuit therefor and two responsive.devices - '~

5

80

trol of said apparatus by said respensive de- -

85
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8. The combination with a selector, a test =

95

10

108

110

loeal circuit in one of said periods to reverse

115

other to ‘cirrent of a’given strength, of a~ '
| switching device adapted to maintain said
. MLIOTL A 120
several periods, and a local circult jointly
controlled by said relays, said switching -
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test circuit closed during several periods and
to change the mode of control of said device
by one of said relays in one of said periods.

12. The combination with a selector, a

test circuit for said selector and two test

relays ineluded it said cireuit, of a sequence
switch adapted in its operation to main-
tain said test circuit closed during several
periods, a local circuit jointly controlled by
said relays, and a third relay controlled by
said local circnit, said sequence switch hav-
ing 4n eleinent adapted in the movement of
the switch to change the condition of said
local circuit in said periods, whereby the
mode of control of said third relay by said
test relays is different in the several periods.

13. The combination with a selector hav-
ing stationary test terminals and a movable
test terminal, of a source of current of posi-
tive potential connected to some of gaid sta-
tionary terminals, a source of current of
negative petential connected to other of said
stationary terminals, a test civeuit conduc-
tor connected to said movable terniinal, a
polarized relay included In said eircuit,
gwitching mechanism adapted to maintain
said conductor closed during several test pe-
riods, a device controlled by said relay, and
means adapted to change the operative rela-
tion of said relay to said responsive device,
whereby the made of control of said device
is different in said test periods.

14, The combination with a selector and
a test cireuit therefor including a relay, of
a second relay, a sequence switcl and an op-
erating magnet for said sequence gwitch,
said second relay and said operating magnet
being arranged to be controlled in loeal cir-
cuits closed by the energization of the first
mentioned relay, and said sequence switch
being adapted to change the condition of
said local circuits to shift the control of said
second relay from said first mentioned relay
to said operabing maguet.

15. The combination with a selector, & mo-
tor magnet therefor and a test circuit, of
two test relays in said circuit, a sequence
gwitch, a motor magnet for said sequence
switch, a locking relay, a ldcal cireutt for
said locking relay adapted in one position
of said sequen-e switch to be closed upon
the joint energization of said two test re-
lays, a local circuit for the selector motor
magnet and a local civeuit for the sequence
switch motor magnet, said last mentioned
local circuits being adapted in other posi=

tions of said sequence switch to be closed

through alternate contacts respectively of
one of said test relays. - '

. 16.. The combination with™ a selector, a
test cireuit therefor and a test relay in said

- cirenit,, of a local cireuit controlled by said

relay, said local circuit having a plurality
of branches, a locking relay in one brauch
of said local circuit, a sequence switch, a

controlled by said test relays,

‘ringing generater, a

1,075,430

motor magnet for said sequence switch in
another branch of said local circuit, said
sequence switch being arranged to close said
test circuit and to change the lceal circuit
during said closure to reversé- the mode of
contral of said locking relay by said test
relay and. also to place said motor magnet

“under the control of said test relay and of

said locking .relay. _

17. The combination with a selector, a test
circuit of high resistance, a polarity test
velay and a marginal test relay, each of said
velays having a winding included in said cir-
cuit, of a locking relay jointly controlled
by said test relays, and a low resistance
path controlled by said locking relay adapt-
ed to be placed in shunt of said test circuit.

18. The  combination with a selector, a
test circuit of high resistance, a polarity test
relay and a marginal current test relay, each
of said relays having a winding ineluded in
said circuif, a locking relay jointly con-
trolled by said test relays, and a low resist-

ance path controlled by said locking relay

adapted to be placed in shunt of said test
civcuit, said low resistance path including
a winding of said marginal test relay.

19. The combination with a selector, a test
¢irenit therefor and two test relays, each of
said relays having a winding included in
said cirewit and each being adapted to re-

spond to current of a particular character- .

istic, of a third relay in a local circuit jointly
a ringing gen-
erator, means under the control of said third
relay adapted to bring into operation said
“hugy back” device,
and ineans nnder the control of one of sald
{est relays adapted to bring into operation
said busy back device.

90. The combination with a selector, a test
circuit therefor and two test relays, each
having a winding included in gaid eclrcuit
and each being responsive to current of a
particular characteristic, of a locking relay
in a local circuit jointly controlled by said
tost relays, & “busy back” device and a ring-
ing generator, means actuated by one of said
test relays when energized adapted to bring
into operation said busy back device, and

energized to prevent the operation of said
busy back device and to bring into operation
said ringing generator.

91, The combination with a trunk line, a
selector for extending the circuit of said
trunk line to other lines, a test circuit. for
caid selector and a relay included in said

cirenit. of a restoring device for said selector,

controlled by said relay through a back con-
tact thercof, a sequence switch adapted to
be controlled by a circuit including the front
contact of said relay, and a busy back sig-
naling apparatus adapted to be brought into
operation by said sequence switeh. ‘
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22. In a telephone exchange system, the
combination with a selector adapted to make
connection with ordinary and special lines,
of means for causing said-lines to test busy
to. said seléctor, a busy signal and means
adapted to bring said busy signal into op-
eration upon connection being “made by the
selector to an idle ordinary line after a fest

~ of a group of busy special lines.

10
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23. In a telephone exchange system, the
combination with a selector adapted to make
connection with ordinary and special lines,
of test terminals for said lines, the connec-
tions to the test terminals of all ordinary
lines being of one kind and of all special
lines of another kind, a test conductor and

_test ‘brush associated with the selector, said

conductor being arranged to form a test cir-
cuit with any of said connections upon contact
of said test brush with the corresponding test
terminal;, means for causing the selector to
test in successmn and to move the test brush

by the test terminals of a group of busy spe-

cial lines, and means for preventing the se-
lector from completing a connection with an
ordinary line after testing said group of spe-

~ cial lines.
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24. In a telephone exchange system, the

combination with a selector adapted to make
connection with ordinary and special lines,
of test terminals for said lines, the con-
nections of the test terminals of all ordi-
nary lines being to a source of current of op-
posite potential to that of the test termlnals

[~ 8

of all special lines, a testing device adapted
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to be brought into circuit with the test ter-.

minals of said lines, motor mechanism for
said selector, said testing apparatus being
“adapted upon connection being made to a
busy OI‘dlnﬂI‘V line to operate said busy sig-

nal and upon connection being made to a
busy special line to operate said motor mech-

anism to cause the selector to hunt for an

idle special line, and means under the con-
trol of said testing apparatus upon connec-
tion being made to either a busy or an idle
ordinary ]1ne, after hunting for an idle spe-
cial line, to operate said busy signal. ~

25. ITn a telephone- exchange system, the
combination with aselector adapted to make
connection with the terminals of subscribers’
lines and terminals of a group of trunk lines
leading to a sub-exchange, of means for
causing said lines to test busy to said se-
lector, a busy signal, and means adapted to
bring said busy 51gnal into operation upon
connection being made by the selector to
the terminals of an idle one of said subserib-
ers’ lines after the terminals of said group,
of ‘trunk lines have heen tested and the
trunks. found busy. -

In witness whereof, I hereunto subscribe
my name this 22nd dfw of July A. D. 1910,

FRANK R. McBERTY,

‘Witnesses:
Moreax WASHBURN, Jr
Guy .M. CaMPBELL,
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