(No Model.) 3 Sheets—B8heet 1.

T, D LOON@@D
ﬁUlOMATIO TELEPHONE EXUHAI\IGE SYSTFM

No. 335 708, _ Patemed Feb, 9 1886

i e
7 ey .
(’ ( N (j%?ﬂ %
; ) /ﬂ(}f.; J_, WJL ﬁ'—fj
Y . . ' g
- U — 252 . NI | _2 SH
s UFz Jw }= 2 8 5 JTi
Rl ‘70 = ]’Q Z )
I ) s [
ET T ] =
= |
Wetriesses. ' Arnveréor

G el S P> %,J%QW%
Ry

N. PETERS. Photo.Lithogragher, Washington, D. C.




(Fo Model.) 3 Sheets+8‘ﬁee_.t 0,

. D. MOOKWOOD
ATUTOMATIC TLLFPHONE EXOHANGE SYSTEM,

TNo. 335,708, Patented Fob. 9, 1886
M Z 2 - am r-[ ”Z . _ . _”z;ﬂwj
i—"iJ s ] s | |l
LG r —G L g

N. PETERS, Photo-Lithographer, Washington, D. .




'(Nc_a Model.) "; ' I o '3* Sheets——-Sheet 3
T. D. LOOKWOOD -
AUTOMATIO TELEPHONE EXCHANGE SYSTEM

No. 335 708 R B Patented Feb. 9, 1886

| o 1 N I"I B 7 ~\ H
BN
'( 3 |
. e : 1 ‘ —_——
N - N i T
: _ 1 £ O
N a‘*? &
Y LS o
_ | a1 *ra ) |
| r*—fv*[ 2]
Se=

| - S8
e ’ . e
k \ -
zz;’nedﬁ es. S - Irnverncor-

/éd Zd,éézﬁ g&o@ . - ' V/Zé»a MMWQ{_) -
y vz

N. PETERS. Phate-Lithographer, Washingtom B, €




.....

THOMAS D. LOCKWOOD, OF MALDEN, MASSACHUSETTS.

 AUTOMATIC TELEPHONE-EXCHANGE SYSTEM.
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(No nmdel.)

To all whom z,zﬁ QY CONCEPTL:
Be it known that I, THOMAS D. LOCKWOOD,
residing at Malden, in the county of Middle-

- 8ex and State of Massachusebts, haveinvented

certain Improvements in Automatic or Sub-
sidiary Telephone=Etehange Systems,of which
the following 1s a ‘specification.

My invention relates to central-oifice sys-

- tems of electrical intercommunication of that

IO

I5

20

25

30

class in which the several subscribers are pro-
vided with suitable mechanisms and appli-
ances whereby they themselves may eftectnate
the necessary changes at the central or main
office to which the several lines converge, so
that the intervention or services of a central-
station operator may betotally dispensed with.

The ordinary telephone-exchange system is

-now a well-known organization of eireunits and

instruments consisting of a number of line-
wires, each of which conneets with one or
moresub-stations provided withsignalsending
and receiving devices and with telephoues,
while the entue number of said line-wires
converge to or concentrate at a central station,
where, by means of a suitable switch- bomd
an attendant connects them with or discon-

nects them from one another, and receives and !

forwardsthenecessary call-signals. It hasbeen
practically ascertained that it 18 not commer-
cially profitable to construct and operate such
exchanges in very small towns and villages,
simply because the advantages of intercom-
munication are not sufficiently great to induce

" inhabitants to become subscribers at a profit-
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able price,while the expenses contingent upon
such systems are usually as high and numer-
ous as In more populous phces Thus such
places are often deprived of telephone com-
munication altogether. My invention con-
templates a remedy for this state of affairs.

I am fully aware that I am not the first to
propose an automatic arrangement whereby
the various linesof a subs*tdmly exchange may
be operated both for the transmission and re-
ception of signals, and may be readily con-
nected with one another without the interven-
tion of an operator at the said subsidiary ex-
change, appalatus alming at that end having
been described in the several patents of Theo.
N. Vail, issued August 11,1885, and numbered,

sald persons.

where. My invention, however, aims to place
in the hands of each subscriber to the system
the power of placing his own line instantly in
connection with the line of any other sub-

seriber converging to the same central point,

or at will with a line or lines leading from the
said central point to a main central station
which may be located at any distance; and,
furthermore, to accomplish this with mechan-
ism of the sunplest and yet most reliable
character. In like manner I purpose to pro-

vide the distant main or central station with
a mechanism of similar character to that far-

‘nished to each subscriber, so that 1t 1s virtu-
ally placed on the same foobmw as they are— -

namely, that of a subseriber or contributor to
the subsidiary exchange. . When any sub-
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seriber has taken such action and has discon-

nected his line from 1ts Original terminal and
connected it with the line of any other sub-

seriber, or with a trunk-line leading to a dis-

tant central station, he may proceed, by util-

izing the ordinary telephone signaling appa-

ratus, to call the station he desires, and after

attracting the attention of the person therein

charge to communicate telephonically with
the said station; and he may, finally, by &
repetition of his initiatory operation, at once
restore the connecting mechanism to its origi-
nal 1)031t10u and CDHUIthIl

My invention, stated as briefly as is consist-

ent with 1ts ehamcter comprehends (as is
‘usual with telephone-exchange systems) a cen-
tral point, from which radiate any number of 85

electrical line wires, these extending to the
stations or offices of subscribers, at which are
placed, in connection with the line-circuits,

‘the regular telephone ountfit of call-bell, signal-

sending apparatus, and transmitting and re-

‘ceiving telephones, and, In addition to these,

dewces for sending a steady current to lme
and an indicator actuated by an electro-mag-
net, which operates synchronously with a-cen-
tral- point. mechanism, hereinafter to be de-
seribed, and serves to indicate to persons at
the sub station the pusition of said central
mechanism, and thus to guide the action of
Atthe station to which the sev-
eral line-wires converge 1 place a series of
commufating-cylinders, one for each converg-

reSpecbively, 324,191 and 324; 192, and else- i ing line, and each cylinder 1s ”gdapted to ro-

7C

75

380

90I

93

ICO




)

C

335708

tate by means of a sunitable clock-train or motor | nent branch cirenit from each line at a point
external to the circuit-springs of said line, the

when the said clock-work is released by an

- electro-magnetic controlling device, and is ca-

pable ofbeingarrested and held at any ofanumn- |

ber of previously-selected pointsand to come to
unison or to the initial starting-point at the

close of each revolution. The movements of

. these cylindrical commutators are controlled

10
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and directed, through the instrumentality of
the aforesaid electro-magnet, (which isinclud-

~ed in that main circait to which any special

cylinder belongs, ) from the sub-station, where

‘stich movements are, moreover, duplicated on
~ the indicating device, which I have already
referred to. Within the range of the several |

rotatable cylinders are a series of contact-

~ 8prings, one set in thecircuit of each line, ex-

.20

cept the line which itself controls the cylin- |

der, and the operation of each cylinder, when
rotated and stopped at any particular point,
18 to disconnect the line-circuit with which

connection 18 desired from its original ground-

terminal, and then to conneet the outward end
of such broken circuit with a similar outward
end of the circuit initiating the connection.
The sub-station energizes the electro-magnet

controlling the cylinder by sending a strong -

- impulse of electricity from a battery or other
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suitable source, (a constant-current magneto- |

machine may be used, if preferred,) which,
passing through the convolutions of the said

controlling-magnet, excites the same and re-
~ leases the clock-train.
- ator is also possessed of the power of stopping
the rotation of the cylinder at the required

T'he sub-station oper-

point, which shall !eave the line connected
through with the line to which it is desired to
communicate, and this power is exercised by
withdrawing the constant ‘current from the
line. When the cylindrical commutator is
brought into position to connect its own line
with any other, either sub-station may ring up.
the other or send call-signals at will, inasmuch
as the controlling-magnet is neither adapted
nor adjusted to operate with cnrrents of rap-
idly-alternating direction. If one or more
trunk-lines connect the central point or con-

‘verging station with a distantor main'station,

as will generally be the case, each of the said
trunks will at the point of convergence be
provided with a rotatable cylinder, and will at
the distant point be furnished with starbing
and Indicating devices, and will, in short, be
treated precisely as if it were one of the snb-
scribers’ lines. Inaddition tothe foregoing, T
also combine with the system of automatic
circuit-changers an arrangement of circuits
constituting a perfect try system, by means of
which any subscriber way, after. connectin

his line with any other, be enabled to listen
and ascertain whether that subseriber’s line
be already In connection with another, and to
do this without injuriously affecting any such
connection which already may be made, or
without interfering with conversation which
may be in progress. This arrangeinent com-

prises a series of twin springs and a perma- |

|

sald branch being connected with one of the
twin springs at each circuait - changing cylin-
der.

of the degired line at the same time that it
connects with the contact-spring of that line,

-so that from that point there are two electric

paths out over the line to the desired sub-sta-

tion—oune through the several contacts and the
~other through the twin spring and branch line.
3C

Thus,even in case either of the two linesshould
be by any other opened by theactuation of an

Kach cylinder is adapted to bring its
~own line into connection with the twin spring

Intermediate circuit-spring, there is still an

alternative route through the permanent
branch. | . I -
I have 1llustrated my invention by the ac-
companying drawings, which form a portion
of this specification.

point and supplied by an extra wire. Fig, 2
15 a cross-sectional view of the eylindrical com-
mutator. Iig. 2*is an end view of the ¢ylin-
der, showing the main-circuit contact-springs.

Fig. 3 isa view of the detaining-plate and pins
Fig. 4shows indiagram
‘the circuit arrangement of a single converging
line. Fig. b 1s a diagram indicatingin a simi-
lar way the circuits and connections of three |
| lines. Fig. 6 shows two line-cirenits actually

of thesaid cylinder.

connected together through one of the rotat-

able commutators, as hereinafter deseribed;

- Figure 1 is a diagram indicative of a sys-
tem of Intercommunication constructed in ac--
~cordance with my invention, the battery used

. e 9o
by the sub-stations being located at the central =~

100

and Fig. 718 a diagram indicating two lines

connected together combined with the gnard-
circuits by which a third may be prevented
from interference. .

I will first describe in detail, referring to

the drawings, that part of myinvention which |

relates simply to the means whereby any sub-
scriber may at will and by his own action con-
nect his 11ne to that of another. I provide as

many rotating commutators C at the station

to which the lines converge as there are lines,
one commutator or circuit-changer being as-
signed to each line I.. Any number of these
subseribers’ lines may converge to the same
central point; and, if required, one or more
of the lines so centering may in practice be a
trunk-line leading to a distant exchange, and
in that case the said trunk is likewise fitted

with apparatus of the same character in every
respect as if it were one of the ordinary short

subscribers’ lines. |
In Figs. 1, 5, and 6, A represents the cen-
tral station, and S the sub-stations.
- In Figs. 1 and 5, I have shown but three
lines as being sufficient to explain my prinei-
ples of operation, although it is evident that
any number may be similarly arranged; and
in Fig. 6 two lines only are shown, these be-
ing connected through by the act of a sub-sta-
tion located on line L2 _
Each of the rotatable circuit-changers con-
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sists of a non-conducting eylinder, on the sur-
face of which is arranged in suitable order a
series of metal cam contact-pieces, e, which
are let'into the substance of the cylinder. At
one end of the cylinder is fixed a disk, H, of
non-conducting material, and a series of c¢on-
tact-making cams or raised points, f, are let
into the periphery of the said disk, the cams
being equal in number to the conducting-
pieces let into the surface of the eylinder.
Hach of the cams f is connected by a eross-
wire, 21, with a corresponding contact-piece,
¢, as shown. A second disk, ¢, made of metal,
is also fixed to the eylinder outside of the non-
conducting disk, and is identical in size with
the said non-conducting disk, so that the pe-
ripheral lines of both are uniform and flush
with one another at all points, with the ex-
ception of the raised contact-pieces of the
disk H, which project outwardly from both.
An axis, Q, 1s provided for the cylinders, and
the end nearest the metal disk eisin electrical
connection therewith, while the other end of
sald axis or arbor is fitted with a pinion, v, by
which a train of clock-work, Z, is enabled to
actuate the cylinder and cause it to rotate.
The latter end of the axis also supports a face
or detent plate, D, which has a series of stop-
pins, P, projecting from its surface in number
equal to the number of contaect-pieces e on

‘the surface of the eylinder, plus one, which

serves as the unison or resting stop. The
cylinder- and 1its actuating mechanism . are
held normally quiescent by means of a bell-
crank lever, ¢, controlled by an armature, g,
with which 1t 1s integral, said armature a be-
ing 1n torn under the control of an electro-
magnet, m’, included in the main cirecuit, to
which the cylinder which it governs belongs,
the armature at this magnet being adjusted so
as to be irresponsive to rapidly-alternating
currents. Upon theexcitation of this electro-
magnet the armature is attracted and the bell-
crank lever is drawn forward, releasing the

pin p and permitting the eylinder C to rotate,

which it then continues to do until the mag-
net releases the armatureand permitsthe lever

«” to fall back and to strike the first pin that

reachesit. It follows, therefore, that by eaus-
ing a current to flow through the line the eyl-
incer may be started, and that by iatermitting
the sald current at certain specific or deter-
minate points the cylinder can be stopped at
such points. At one side of each cylinder I
mount a series of contact-springs, s* §* s', &ec.,
all of which, when at rest, lie upon contact-
points z. T'he springs are so mounted that
cach of the condueting-cams e,as it passes the

end of the spring which is fixed oppositely to

it,will raise the said spring s’ from its comple-
mentary coutact 2, and will then, if the cylin-

der is immediately arrested, maintain the

spring in its raised condition and in contact

-with itself, thus breaking the original path of
the circult to which the spring belongs, and ! Fig. 5, and by Fig. 7.

—

|

prise the whole of the instrumentalities requi-

This indicator 1s controlled by an electro-
magnet, m, which may either be included

sition of the cylinder, cams, circuit-spring &,
and contact-point z i1s shown by Fig. 2% in
which the arrow indicates the direction of 7o
rotation. A single spring, s, Is mounted in
the same way, so as to bear on the peripheral
edge of the two disks ¢ and H, except during
the time that any of the cams or projections f

on the edge of the inner disk is passing under 75
the said spring, or is for the moment at rest
under thegaid spring, in which case the spring

18 lifted from 1its original contact with the edge
of the disk ¢ and brought into contact with
the cam contact-piece of the disk H. A uother
single contact-spring, s, is mounted in any
preferred way so as to-bear upon the metallic
axis () of the eylinder. These cylinder circuit-
changing apparatuses, fitted as described, com-

80

site at the central point. At each sub-station

the ordinary telephone outfit of call-box B,

transmitter T, and receiving-telephone ¢ are
provided, and in addition to these a signaling-
key, K, 1s also required, together with an in-
dicating - dial, d, aectuated by an ordinary
clock-train, (not shown,) but adjusted to run
synchronously with the cylinder- actuating
clock - train at the central point or station.

92

98
In the main-line circuit, as shown in Fig. 6,
or in the normally-open local or branch cir-
cult of a local battery, L. B, (or of a magneto-
machine adapted to emit continuous currents
of uniform direction,) or alternatively of a

1CO

‘main battery, M B, Ifig. 1, so that it may only

be introduced into the main circuit when the
key 1s pressed and the battery-current sent to
line. I will now describe the arrangement of
the several circuits, and will first trace the
arrangement of the main circuits., Since they
are all arranged in a similar manner, it will
suffice to trace one of tbhem. Referring to
Figs. 1, 4, 5, 6, and 7, the line-eireuit, begin- 110
ning at theground G at the sub-station S, passes

IOJ{

by wire I to the call-box B and telephones T

and ¢; thence by wire 3 to the upper contact,
I, of the signal-key K, and from the main
stem of said key through the indicator-magnet 115
m to the main line L, leading to the central

subsidiary exchange, A. Entering that sta-

tion, 1t continues, via the controlling electro-
magnet m’ and wire &, to the side spring, s, of

the commutating-cylinder Cof thatline. This 120
spring normally presses upon the rim or edge

of the metal disk ¢, and also upon the edge

of the non-conducting disk H, which is flush
therewith. 'L'he cireuit is therefore thus con-
tinued through the said disk ¢ to the axis Q 123
of the cylinder, the spring s bearing thereon,
and by wires A" A* I°, &e., to a succession of
contact-springs, §°s° s*, &e., leaving each spring
from the anvil 2z thereot, and finally running
from the fixed pointzof thelast contact-spring
to the ground-terminal, as indicated in line L,
Now, since each line

130

diverting it to another route through the sub- | passes not only through its own controlling-
stance of the cam projection. Therelative po-  magnet and the disk-rim contact-spring at its
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own rotatory commutator, but also through a
separate contact at the commutating-cylinder
of each other entering line, 1t follows that each
line may connect itself with any other line
which may be determined upon, simply by
setting its cylinder in motion and stopping
it at a predetermined point, where the nor-
mal circuit of the line taking the initiative
is broken by means of the cam projection f
on the rim of the non-conducting disk H, which
lifts the spring s from the edge of the metal

~disk ¢, and where it is connected to the de-
sired line by means of the corresponding cam,
¢, on the surface of the ¢ylinder, which cam ¢

15

* The cam ¢, having lifted the spring &, &’ or s, .

20

.25

.30

is united to the projection f by a short wire,
21, embedded in the surface of said cylinder.

as the case may be, from 1ts normal contact z,
thus forms the connecting-point between the
two lines. This condition is illustrated most
clearly in Fig. 6, in which two lines are shown
united together through the rotatable cylin-
ders. Itisassumed that thelinel/at the right-

~handside of the figure has connected itself with

the line Lon theleft. The right-hand cylinder
is accordingly represented as having been ro-

‘tated until the spring s is lifted from the edge

of the disk by the projection fand the spring
§* at the same cylinder lifted from its normal
contact by the cam e. 'T'his spring §° forms a
part of the circuit of the line L, and the pro-
jection f and cam e are united by the wire 21.
The two lines are thus disconnected from their

~original ground - terminal, and are united

35

40
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50 | ,
‘main contact-spring s, which, being raised, is

SN

through the said wire 21 of the cylinder,which
has initiated the connection. Inlike manner,
if line Lh had taken the initiative and had ro-
tated its cylinder, the unison would have been
effected through the spring s, the wire 21, and
the spring s of that cylinder. Tracing the
combined circuit, we find that it begins at the
ground G at station 5%, passes vialine %, mag-
neto-machine or call-box B, and the tele-
phones, (the latter not being of course in ¢ircuit
until the receiver is removed from the hook.)
wire 3, key-contact 1, key K, magnet m, and
main line L% to the central point, where the
cylindrical commutators are located. Enter-
ing the said station, it proceeds by actuating
magnet m’ of the same line and wire A to the

in contact with projection f on the non-con-
ducting disk H, and thencevia wire 21,through
the cylinder C, (which is also formed of non-
conducting material,) to the corresponding
cam or contact-plece, e. |
position is in contact with spring §° of the

- other line, which has been lifted {from its nor-

60

mal contact z, and from that spring, which is
a portion of the second line, a wire, 7', leads

to the arbor-spring §, thence through the axis

or arbor Q of the left-hand cylinder to the
disk ¢, main contact-spring s, and by wire 4
through the actuating-magnet m’ of the line I
to the said line, and out to the sub station S,
where it terminates at the ground G. FEach
sub-station is furnished with battery-power,

ner well understood.

'This being in proper

' which can be directed to the main lines for the

purpose. of actuating the controlling-magnets
of the rotating eylinder at the central connect-
ing-station, whereby the said ecylinders may
be set in motion. This battery may option-
ally be provided eitlier from a main battery
located at any desired point and common to a
number of sub-stations, from a local battery
at each sub-station, which local battery may,
if preferred, be also employed in connection
with the transmitting - telephones, or by a
straight-current magneto-machine, in a man-

I have illustrated the first plan in Fig. 1.

M B is the main battery, one pole of which

may be grounded,while the other pole i8 con-
nected to a main wire, X, passing through
the territory of the exchange, and extending
into the sub-stations by a series of branch
wires, b. Inthedrawings, although I haverep-
resented but one of the branch wires as being
carried out completely, so as to show its ter-

mination, it is of course assumed that each

wire terminates in a similar manner. After
entering the sub-station, the wire b passes to
one side of the indicator electro-magnet m,
and from the said magnet by wire b’ to the
front contactor anvil, 2, of the key K, at which
point it ends, being a normally-open or dis-
continuous branch terminal of the battery-ecir-
cuit. When the key is depressed, however,
the main line Li is severed from 1its ordinary
terminal and is united as long as the depres-
sion shall continue to the anvil terminating
the battery branch, whereby the circult of
said battery is temporarily completed, and
the current from the same directed over the

‘main line L to the connecting-station and
through the magnet-coils there, to subserve

the function which I have hereinbefore speci-
fied. | |

The second plan is'shown in Figs. 6 and 7,
where the several sub-stations are each pro-
vided with their own battery L. B. The same
principleis involved as in the former case, one
pole of the normally-open local battery being
to earth, and the other ending at the anvil 2
of the key K. It may be well to note here
that the dial or indicator at each sub-station
has no other function or office save to rotate
synchronously with the eylinder belonging to
the same line, but located at the connecting-
station, and thns to afford to the eye of the
sub-station operator an indication or guide
by which the length of time he should main-
tain the key depressed may be regulated. The
several stop-pins on the face of* each sub-sta-
tion indicator may, for example, be consecu-

pins on the cylinder stop-plate.at the connect-
ing-station. If, then, a subscriber wishes to

connect his line with line 3, he will depress

his key and hold the same down until the
ficure 2 on his dial has passed the stop-lever,
and will then release it. The apparatus will
continue to rotate until the next stop-pin, 3,
reaches the stop-lever and 18 then arrested,
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and as the stop-iever at the connecting-station
is controlled by an electro-magnet, m', in the
main circult the same operation will be du-
plicated there, since the release of the key with-
draws the battery current from the line and
permits the controlling-magnets to simultane-
The cylinder at the
connecting-station will therefore havestopped
at the point indicated by the dial, the main
line controlling it being in connection with
line No. 3.

The space upon all the stop- pla,tes between

~ the last stop-pin and the normal stop-ping I

I3
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-~ erator there.
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~electric union with the pro;

prefer to make greater than between any other
two pins, so that when any two lines are dis-
connected the two clock-motors will, even 1f

one runs a little faster or slower than the other,
invariably be corrected at the initial stop-pin. -

In the operation of this system a sub-station

‘operator, wishing to connect his line with that
of another, first presses his key K, by this

means throwing his battery-current to line, and
starting simultaneously his own sub-station
indicator and the rotatable cylinder at the
connecting-station which represents his line.
He holds the key down, watching his indi-
cator, and as soon as the stop on thesaid indi-
cator immediately preceding the stop of the

line required has passed the stop-lever there-

of he releasesthe key. The indicatorand cyl-
inder are thus simultaneously stopped, the
indicator upon the stop bearing the number

of the required line, and the cy]mder with its

main contact-spring s elevated from its nor-
mal contact with the rim of the disk ¢ and in
jecting contact-
piece f of the non-conducting disk H this 1n
tarn being by wire 21 and cam e united to

the requir ed line- -spring, (say §°,) which in turn

is lifted from its normal resting-point,2. Both
lines are therefore disconnected from their
original ground terminations and united to
one another., Having effected this union, the

next operation is to swnal the required snb

station and to attract the attention of the op-
This’is effected simply by turn-
1ng the crank of the call-box B, thus operating
a magneto-generator inclosed therein. The
alternating impulses of electricity so devel-
oped passover the compound line and through
the distant signal-bell magnet, energizing the
magnet thereof and ringing the bell at the
distant station. Although the indicator and
cylinder actuating magnets of both lines are
in the circuit, and though, therefore, the alter-
nating pulsations must pass through them,

their armatures are not affected, these being
adjusted by strong retracting-springs 7,

SO
that they will xot respond to rapidly-alter-

“nating currents, while at the same time they

will readily respond to a steady magnetic
charge produced by a protracted current of a
single direction, such as a battery- current.

Having called the distant sub-station, the two
“operators or subscribers take up their tele-

phones and converse, and upon the conclusion

of the jconve:l.jsatiqn the person who initiated |

1 freeend unattached.

| the same, after replacing histelephone, presses
' his key once more and holds it down until his

indicator passes its last stop-pin, after which
he releases it, suffering the indicator and the
corresponding cylinder to run to unison or to
1ts normal point ot rest.

I have found in practice that another con-
tingency must beprovided for. It frequently

happens that a certain sub-station desires to -

communicate with another sub-station which
is already in telephonic communication with
a third. It is essential that to avoid con-
fusion some device be adopted whereby the
first sub-station may be enabled to ascer-
tain that fact without interrupting such con-

versation and without impairing the connec-

tion between the two connected lines, and
whereby, also, the first sub-station is abso-
lutely prevented from taking any action which
shall tend to such impairment. The means
which I have devised and adopted for this
purpose 1 will now describe, referring to the
drawings. Tigs. 4 and 7 especmlly ShOW this
arrangement °1 place side by side with the
consecutive contact-springs §° §° s* of each line
a twin or companion spring, 7, which, though
attached at its supported end by the same
non-conducting block or support R, 18 not
provided with any normal eontact, but has its
4"4% 7% of each line are all united, as shown in
Fig. 4, by wire J, which is attached at one end
to its own main line at a point, N, thereon

outside of all the connecting-station. mechan-

1sm, and which constitutes a normally-open
branch thereof extended parallel to the main
broneh through the contacts, the several
springs 7 being sub-branches therenf., The

~effect of this appliance is shown in Fig, 7, in

which 1 and 2 are represented as connected
together for conversation by the act of line 2.
Line No. 3 desires to connect with line No. 2,
and has operated his cylinder accordingly.
He has thus connected himself with No. 2;
but 1t now becomes his duty, before he rings up
that station, to listen and ascertain if any con-
versation 1s already passing upon the line to
which he has connected his own. The con-
nections are as already described. Iines No.
1 and No. 2 each havea branch line, J, leav-
ing the main cireuit at N and branching to the
twin spring 7 of each of their successive con-
tact-springs s. The cylinder C of line No. 2,
having been sutfered to rotate until its spring
s has been united, through wire 21, with the
spring §° of line No. 1, has connected the two
lines, 'T'he cylinder-cam e, which has lifted
the spring s* from 1ts normal contact #, 1s broad
enough to lift also and to make contact with
the twin spring §° of the same line. It will

be observed that by this device line No. 2
has effected communication with line No. 1
by two separate paths after reaching the
cam ¢ on the cylinder of No. 2—{irst, through
spring s§°% wire A% axis-spring of cylinder
No. 1, axis Q, disk ¢, main contact-spring s,
wire h, and through the electro-magnet m’ to

Theseveraltwinsprings
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line No. 1 and the distant sub station; and, | uated by clock-work for each of the said lines,.

second, through twin spring 7 and wire J to
line No. 1 ab the point N direct. Though it
may readily happen that the integrity of the
first route may be impaired by the action of
a third party, it is impossible that the second
route can be interfered with. No. 3, having
now connected his line with that of No. 2, pro-
ceeds-tolisten. If he hears no conversation,
he assumes that no other line is already con-
nected, and proceeds to ring No. 2. If, on
the contrary, he hears conversation, he un-
derstands that No. 2 is already engaged, and
he restores its apparatus to its normal condi-
tion. The listening-circuit which had been
temporarily established I trace as follows:
from line No. 3 to springs of cylinder C of

‘that line, and via projection f on rim H, wire

21, and cam 2 to the contact-spring 83 and
twin spring j* of hne No. 2; thence through

the said twin spring 5° and wire J to the point

N on the said line No. 2. If the line is traced
over the regular route via contact-springs s’
and its connecting-wires, it will be found to

be open at the point where the main contact-

spring s is lifted from the rim of the disk ¢
at the cylinder of line No. 2. Thus not only
is the third line enabled to listen in order to

~ ascertain whether the other lines are or are

33

not engaged, but the additional advantage is
gained by the connected parties of a double
connection cutting out one of the controlling

electro-magnets and several of the interven-

ing contacts., Moreover,we may suppose two
lines,say Nos. 2 and 3,to be connected together
by the action of No. 3 and that No. 1 desired
toconnect with No. 2. No 1 would connect his
line with No. 2in the manner described; but as
the circuit of No. 2 necessarily passes through
a contact-spring at No. 1 cylinder before it

‘passes on to the eylinder of No. 3, 1t 18 clear
that as soon as No. 1 connects himself he cuts

No. 3 off, destroying the connection ‘between

- Nos. 2 and 3; but by the device which I have

adopted thls oontmgenev IS avoided.

Tam aware that it is not broadly new to
provide a series of lines converging toa com-
mon point or central station, each with a com-

" mutator or circuit-changer 0pelated by clock-

50
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work and controlled bv an electro-magnet,
whereby any subseriber can, by operating his

commutator, disconnect his own line from its

ground- termmal and connect it with any other
line entering said central station for tele-
phonic communication. Therefore I do not
broadly claim such arrangement as my inven-
tion. NeitherdoI broadly claima eylindrical

- commutator or circuit-changer actuated by

60

clock-work and controlled by an electro-mag-
net in an electric circuit; but
I claim—

1. A telephone-exchange system compris-

ing a series of sub-stations, a central or con-
necting station, electric lines or cirenits con-
necting the several sub-stations with the con-
necting-station, means, as indicated, compris-
ing a rotatable eylindrical circuit-changer act-

‘each circuif-changer being controlled by an -
electro-magnet in its own line-circult, and 7o
provided with a series of conducting-cams, a |
series of contact-springs, each GOnStltlltlnﬂ‘ a
~portion of another line, and each placed WIIJh

in the reach of one of Sdld cams, but beyond
the reach of the others, an indicator at each 75
sub-station adapted to rotate synchronously
with the cylindrical circuit-changer of its own
line, and current-sending devices at each sub-
‘station, whereby each said sub-station 1S en-
abled to operate its own circult-changer at 8o
the connecting-station, and thereby connect
its own line with any other desired line by
stopping the circuit-changer at the moment
when a conducting-cam 1is in contact with the
desired line-spring, and at the same time by 835
means of the indicator be enabled to intelli-
gently govern the movements of said circuit-
changer, s’ubstantia]ly as hereinbefore de-
seribed.

- 2. In a system of telephone circuits, the'go
combination of a main-line circuit extending
between asub-station and a central or connect-

ing station, a central-station extension thereof
passing through an electro-magnet adjusted to
respond only to strong. electric currents of 9: |
uniform direction, and a series of successive =
spring-contacts, eaeh being adapted to be
controlled by one other of the lines COmpris-

ing the system, an automatic econnecting ap-
paratus of the character herein described, 100
actuated by clock-work, controlled by the
electro-magnet in the said main circuit, and
adapted to he operated from a distant statlon

‘of the said circuit to disconnect the said cir-
cuit from its normal earth-terminal, to select 105
any other desired circuit, and to connect the
said original circuit thereto by means of the
spring-contact of the second cireuit, a branch
circuit at the sub-station, meludmg a battery |
or equivalent source of current electricity of rro
uniform direction, an indicator included or
adapted for inclusion in the main line to 1in-
dicate the movements of the distant connect-

ing apparatus, a second branch -circuit, in-
cluding the telephones, a polarized call-bell, 115
and a generator of electricity adapted to de
| velop and transmit rapidly-alternating elec-
fric currents, whereby a distant bell may be
rung without affecting the intermediate con-
trolling electro-magnets, and a key connected 120
perma,nent]y with the main line and having
its back contact connected with the bell and
telephone branch, and its front contact or
anvil connected with the battery branch, as
and for the purposes specified. 125

3. An automatic telephone-exchange con-

sisting of a series of telephone-lines extending
from a series of sub-stations to a central point
or connecting-station, each of the said lines
being provided at the central point with a ro- 130
tating cylindrical circuit-changer actuated by |
a clock-train or other suitable motor, and gov-
erned from the sub-stations by an electro-mag-
| net in the main ecircuit, the said circuit-
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changm 1)611’1'3" provided with a number of con-

~ ducting-cams, and being always electrically
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united with the said main line, and adapted to
control, by means of said conducting-cams, 2!

contact-spring of each otherline of the system
and 1ts own ground contact-spring simulta-

neously, whereby each sab station may at will
operate 1ts own circuait-changer to disconnect
its own ground-terminal, and to connect itself
with any other line, as may be desired, as
herein specified.

4. An automatic telephone- exchange con-
sisting of two or more lines or main circuits,
each extending between a central or connect-
ing station and one or more sub-stations, an
automatic connecting mechanism at the cen-
tral stationfor each line, comprisinga rotatory
circuit-clianger in permanent electric connec-
tion with said line, actuated by a clock-motor
and controlled by an electro-magnetinits own
line-circuit operated from the sub-stations,
and a series of spring-contacts, one for each
additional circuit orline entering the central
station, the rotatory ecircuit - changer being

provided with conducting-cams, which engage

successively the several eontacts of the several
lines,maintaining theengagement and contaet
with thespring representing any desired line
as long as required, a normally-open branch

for each line, adapted to be closed by the cam

effecting the connection and shunting theelee-
tro-magnet and intermediate contaets of the
line, a battery or other source of electriecity
supplying a current of uniform direction, and

an electro-magnetic indicator at each sub-

“station, an alternating current-generator, and
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a call-bell in aseparate branch circuit, also at
each sub-station, and a key which when at
rest connects the call-bell branch, and when
depressed the battery branch, with the main
line substantially as described. |
In an automatic telephone-exchange sys-
tem, 4 telephone main circuit e‘itendmu be-
tween a central or connecting station and one
or more sub-stations, and provided at each

-sub-station with two branches, one including

an alternating current- ﬂ‘enerator a bell, and
telephones, hhe other mcludmtr a battery or
straight-current generator,and a key or switch
for connecting either branch at will with the

‘main line, and at the central station with an

extension passing through the controlling
electro-magnet of a rotatory connecting appa-

ratus, and placed in permanent electric con-

nection with the said apparatus, and then

passing successively through aseries of spring-

contacts, each of which is controlled by a con-
necting apparatus of another circuit, and also
with a normally-open branch connected with
the main line at a point external to the con-
trolling-magnet, and branching to a series of
twin or complementary contaet springs, one
of which 1is fixed in close proximity to efmh
of the mailn spring-contacts of the same cir-

cult, substantially as and for the purposes

descmbed

'ﬂr

tem, two or more lines or main circunits, each

extending between a central or connecting
station and one or more sub-stations, an auto-
matie connecting mechanism at the central
station for each line, the said mechanism be-
ing actuated by a clock train controlled by an
electro-magnet in its own cirenit and operated
from the distant sub-station to connect the
said line with any other line, as may be de-

sired, a normally open branch circuit for each

line ada,pted to be closed by the act of con-
necting any two lines and operating to pre-
Vent interference from a third line, means,sub-
tantially as indicated, ateach sub- station for
directing a steady battery-current to line to
operate the antomatic connecting mechanism
and forarresting the same at the moment when
any desired lineis eonnected, and other mieans,
as described, for sending call-signals over the
connected lines, which call-signals shall not
affect the intermediate controlling-magnets.

7. The combination of two or more tele-

phone-line circuits converging to a central sta-
tion, a rotary clock-actuated cylindrical cir-
cuit-changer for each line, a series of conduct-

ing-cams on each cylinder, a controlling elec-
tro magnet for each line adapted to 1esp0nd
to Stedey currents of one direction, a series of
line contact-springs at each eyhndel one for
each additional circuit, said springs resting
normally on a back conta,ct leading to gr ound

but each adapted to be raised therefrom by
one of said cams, a contact-spring at each cir-
cuit-changer forming part of the circult to

which the latter belongs, a conducting-disk

carried by the cylinder and normally in con-
tact with said spring, said- disk being also in
connection with the ground, a series of con-
ducting projections carried by said cylinder,

each connected by a cross-wire with one of

‘said cams, said projections being arranged to

70

73

80

ole

95

1C0

105

ach successively upon said last-named spring

at the same time that the corresponding cam
acts upon its line-spring, and means, as speci-
fied, for stopping each circuit- chanfrer abt any
desn*ed point, whereby the Operator ab any
station can connect his line with any desired
line through a cam, cross-wire, and projection
and simultaneously disconnect each line from
its normal earth-terminal, each sub-station
being provided with a constant source of cur-

rent electricity, a key to direct the same to

the line, a magneto-generator adapted to send
rapidly-alternating pmlsatmns to line, where-
by the distant bell may be rung without af-
fecting the intermediate eontrollmﬂ‘ electro-

11O

, 115

120

mannet and transmitting and receiving .tele-

plmnes substantially as specified.

8. The combination ¢f a main electric cir-
cuit with a rotatory circuit-changer or com-
mutator, having permanent electrical connec-

tion by means of contact and friction springs |

with the said electric circuit, and driven by a
suitable motor governed as to0 its motion or
rest by an electro-magnet included also in the
said eircuit, and a series of separate and inde-

6. Inan automatic telephone- ew:ehange SyS- | pendent electric cn*uuts each of which 18 con-

130
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trolled by the said rotatory circuit-changer by

~means of a series of spring-contacts, one for

each of the said circuits, the said springs be-

ing within range ofand ada,pted to be engqged

by a series of cams on the eylindrical surface
of the rotatory circuit-changer,and to be there-
by transferred from their normal contact into
contact with the circuit of the electro-magnet
controlling the rotatory circuit-changer, sub-

;stantlally as hereinbefore desembed and for

the purpose of uniting the said cirenit with
any predetermined one of the series repre-
sented by the several contact-springs.

9. Thecombination Substantmlly as herein-
before described, of a mtatory circuit-changer
or commutator having permanent eleebrical
connection by means of contact and friction
springs with an electrie circuit, and driven by
a suitable motor governed as to 1ts motion or
rest by an electro-magunet included in thesaid
circult, with a series of spring-contaets, each
mcluded in a separate electric cireunit, all of
the said spring-contacts being controlled by
the said rotatory circuit- chmwel each 1In its
own time, by means of cams addpted to lift the
said Splll]ﬂ‘S the said cams being regularly ar-
ranged round the cylindrical smfdce of the
sald circuit-changer, for the purposes speci-
fied.

10. The combination, with a series of rotat-
ing cylindrical cireunit-changing apparatuses,
(each normally at rest and each driven by a
clock-train or other suitable motor,) the said
motor being controlled as to its arrest and re-
lease by an electro-magnet, with a series of

electric circuits, (one for each of the said cir-

cuit - changers,) each circuit extending from
one or more distant stations through the elee-

tro-magnet, and one or more spring-contacts
ofitsown rotatory circuit-changer,and through
one spring-contact at each other rotator y cir-

cuit - changer, and a normally - open branch
circuit for each main circuit extending from a
point on the said main circuit external to the
electro-magnet and branching to a series of

. twin contact-springs, one of which is in close
- proximity to but insulated from each main-cir-

- o

cult contact-spring at every rotatory cirecuit-
changer, with the exception of the one con-
trolled over that special line, all substantially

~as and for the purposes descnbed

53

11. Anauntomatie connecting device for tel-
ephone-circuits, comprising the following ele-
ments 1n combination: a commutating- cylm
der having at one end a conducting-disk and

~a non-conducting disk with conducting pro-

60

jections on its rim, having also a series of con-
ducting-cams ranged smmlly or otherwise
regularly round its surface, each cam being

united by a cross-wire with one of the pro- |

.sald conducting -

jections on the non-conducting disk, a face-

‘plate at the other end of said eylmder having

a series of stop-pins equal in number to the
sald conducting-cams plus a unison-pin, an
electro-magnet, armature, and bell-crank le-
ver adapted to engage with the said pins and
to control the movement of the cylinder, a
clock-motor to actuate the said cylinder when
released from the control of the said pins, a
contact-spring bearing normally uponthe edge
or rim of the conduecting-disk, but-adapted 130
be raised therefrom by ‘the action of the pro-
jections of the non-conducting disk, a second
contact-spring bearing upon the eylinder-axis
and 1n permanent electric connection with the
disk, a series of contact-
springs, one included in each other electric

circuit of the system, supported at one side of

the cylinder, in the path of the cams thereof,
and adapted to be engaged and held thereby,
and a serles of supplementary springs con-
nected with branch circuits of the several
lines, one of the said supplementary Springs
being placed side by side with its own main-
circuit spring and in immediate proximity
thereto, so as to be raised and brought into
couta,ct by and with the same cam that raises
the said main-circuit spring, substantially as
herein described. | | -
12. The combination, substantially as here-
inbefore described, of three or more main-line
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circuits, each extending at a central station

through an electro-magnet controlling the
movement of a rotatory circuit-changer, and
through a series of spring-contacts controlled
by the rotatory circuit-changer of every other
line, and a branch circuit (normally open at
its extremity) extending from a point on the

main line outside of the electro-magnet and

branching to series of twin or supplementary
contact-springs, one of the said series being
placed 1n close proximity to the main-circuit
contact - spring at every rotatory eircuit-
changer except that of its own line, so that
when any two lines are united through the said
circult-changers a double route of union will
be provided, the branch cireuit being caused
to shunt the electro- magnet and Intervening
spring - eontacts, whereby continuity is im-
proved, and whereby a third sub-station line
1s prevented from interfering with any con-
nection already formed.

In testimony whereof I havesigned my name
to this specification, in the presence of two sub-
seribing witnesses, this 24th day of Septem-
ber, 1885.

THOS. D. LOCKWOOD.
Witnesses:
GEo. WILLIS PIERCE,

- GEeo. H. L. TROUVELOT.
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