No. 686,340, . ' Patented Nov. 12, 1901,
E. C. ROBES. B

SEBVICE METER APPARATUS FOR TELEPHONE GIRCUITS

(Application filed Apr 17, 1801.)

- {No Model.)

4 nii
Rellitnid

THE NCRARRLS PETERS o, PHOTG-LITHO., WAS H GTG D, - '




I0

15

20

UNITED STATES

Pat ENT OFFICE.

ERNEST C. ROBES, OF MEDFORD,

MASSACHUSETTS,

ASSIGNOR TO THE

AMERICAN BELL TELEPHONE COMPANY, OF BOSTON MASSAOHU-
SETTS, A LORPORATION OF MASSACHUSETTS

SEI‘RVIC-;Eu'M:-ETER APPARATUS FOR TELEPHON E-CIRCUITS.

SPECIEIG&TION mrmmg p&rt cf Letters Patenu No. 686 340 dated Novembel 12, 1901,

Applmatinn filed April 17 1901

. H e

berml No, 58,297, (No model.)

To all whom it mai ay concern:

Be it known that I, Ernest C. ROBES re-
siding at Medford, in the county of Middle-
sex and otate of Massaeh usetts, have invent-

ed certain Improvements in Se1 vice-Meter

Apparatus for Telephone-Circuits, of which
the following is a specification. |
This mventlon relates to ser Vlee-meters or

call-registers for the substation-circuits of a
-telephone exchange, and concerns more par-
ticularly that class of such apphanees as have
their actuating-magnets in series or in par-
“allel with the cut- out relay local eircuit com-

pleted through the switch plug and cord, the

sald meter- mf.,gnets being irresponsive to the

normal current of the sald relay-circuit, but
responsive to the flow of a stronger current
therein, whether such inecrease in Strenwth be
bmuﬂ“ht about by withdrawing leswta,nce
from or adding electromotlve forc(_, to, Lhe

“sald ecircuit. |
Theinvention contemplates the apphcatwn.

- of direct-reading service-meters to telephone-
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circuits e*{tendmw between two subsbahom
and a cenftral stamon there being one meter
for each substa,tlon amanﬂ'ed to 1efr1ste1 and

indicate the ealls or connectmns 0110'111&1‘,1110* |

at its own station only and to altowethw dls—-
regard the business of the other statmn both
meters being, however, placed at the central
station. Kach meter has an actuating-elec-
tromagnet, and one of them has also an aux-
1liary loekmﬂ' magnet responsive to the cur-
rent which e};elte% the actuatling-magnet of
the other, the e‘icltlnﬂ'-(}()ll‘% of the sald elec-
txomaﬁnets being pleferabI} in parallel with

each othel and mth the magnet-coils of the

cut-off relay. The actuatmw-maﬂ'net of that
meter which is provided Wlth the auxiliary
magnet is constructed and arranged to be

| slow- acting or fo operate slug 0‘1‘5}_1]37, but re-

sponds to a current which, whlle stronger

- than the normal cut-off-r elay current, is stlll

45

too wealk to operate its associated cmmhmy
magnet or the actuatmﬂ'—mawnet of the other
metel This modelatel) ~1nc1eaqed current I
term a current of ‘“‘“medium” strength; but

the said auxiliary or locking magnet and the
aetuatmmmfwnet of the

ald Othel metel

thus requiring for their operation a still 50

Str onger current, which I term a current of

m&nmum” Strenﬂ'bh are deswned to re-
spond promptly and qmeklj to a sufficiently
strong current, and when such a current

strong enough for their operation is caused s5s
to flow in the circuit they respond thereto
by the action of their armatures before any

-such response from the slow-working meter-

actuating magnet is possible. The aunxil-

iary matrnet associated with the said slug- 60

- gish dctuatmmmaﬂnet controls a detent or

lockuw devwe whlch acts to prevent the op-

erative movement of the armature of the lat-
-ter, or, in other words, the quick-acting mag-

net working with the strongest or maximum
current acts to interpose a block or obstacle

65

in the path of the armature of the sluggish

‘actuating - magnet, which is thus prevented

from ‘yielding to the attractive influence of
sald magnet. By such means it is arranged
that a moderate increase of cuuent-—-—-~that
is to say, the medium current—in the cut-
off-relay circuit shall operate one meter, and
that a greater increase, constituting the maxi-

‘mum current, shall operate the other, and
that the two meters may be operated select-

1vely, each to indicate directly the calls or
connections of its own substation. |

- Associated with the switch-cord devices,
whereby a calling-circuit is united to theline

of the wanted statmn and in particular with

the local circuit or third conduector thereof,
are two keys, one adapted to. modify the
original current of the cut-off-relay circuit

'-and the other to conneect a substitute- and
‘more powerful source of current therewith.

One of these keys is so connected with the

circuilt that its operation establishes a shunt

or short ¢ircuit around the.._allpel visory signal
and its accompanying resistance whlch are

in the cord-connection section of the cut-out-

relay circuit, and thereby reduces the resist-
ance of csuch circuit moderately, increasing
the current to the medium strength requued
for the operation of the slow-working actuat-
ing-magnet of one of the meters, and thus

registering the service rendered on call of the
| corresponding substation.

The connection
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of the other key with the local circuitissuch | net 0, an armature 16 therefor, carrying an

that its operation disconnects the normal
source of current altogether, substituting the

more powerful one. By mampulatmw this
key,therefore,the maximum currentis caused
to flow in the cut-off-relay cirecuit. The actu-
ating-magnet of the second meter and the

- locking-magnet of the first are thereby ex-

cited, and a call or connection is registered by

the second meter against the substation it
represents, the other or first-named meter

being prevented from operating in this in-
stance by the action of the locking or detent
magnet, which, working quicker than its as-
sociated actuating-magnet, engages the ar-
mature thereof, preventing the same from
completing its stroke and from effecting any
registration.

The drawing whlch'aceompames and illus-
trates this speciflcation is a diagrammatic
representation of the invention as arranged

- In association with two substation-circuits,

each having two stations and appropriate
central-statlon sw1tchlng and signaling ap-
paratus. |

L and L? are telephone-circuits extending

respectively, between substations A B and A*g '

B* to a central station D, where by appropri-
ate switch mechanism they may be united to
each other, as indicated, or each with any
other substation-circuit entering the central
station. Kach circuit consists of two main
conductors a b, the substations being each
provided with the usual appliances, shown
herein as a call-bell m and condenser ¢? in a

“bridge 36, and the transmitting and receiving

telephones T and 7 in a brldn‘e 35, held nor-
mally open by the telephone- switch S. The
conductors a and b extend at the central sta-
tion D to the contact-stops 4041 of the springs
or contact-levers 6 and 7, respectively, whmh
are attached to the armature of the cut-oft
relay R, the contact-lever 6 being united by
eonductorf with one pole of the battery B or
ground, while the other lever 7 connects with
the other pole of said battery by conductor g,
which includes in its circuit the line-signal
relay R® Switch-socketsdJ J J contain switch-
springs ¢ and d, constituting branch termi-
nals of the main conductors ¢ and 0, respec-
tively, and have cach a eonductmn*-plurr-le-
ceiving ring e, (ordinarily serving as a con-
tact-ring in some one of the well-known busy-
test sy stems. ) Theringsof theseveral switeh-
sockets of each substation- line are united by
conductor /2, which leads through the winding
of the cut- out relay R to eatth being Shown
as forming a JUI]CUOI] at 43 with eonductorf
for this purpose. 'The relay R? by its arma-
ture 9, controls the branch 0110111138 and there-
by the lamp-signal s, contained therein, in a
manuner well uanderstood.

M and N are the service-meters for the sub-
stations A and B, respectively, of circuit L,
the substations A? and B? of cireuit I having
as shown, similar corresponding meters. The

escapement 17, and a star or ratchet wheel 18,
engaged by the said escapement for the pro-

gressive operation or control of the usual reg-

istering mechanism. The actuating-magnet
0 18 in a branch j of the local circuit W par-
allel to the magnet of the cut-ont relay R, the
sald branch extending between points 2 and
44 on conductor A, and the locking or con-
trolling magnet w, associated with meter M, is
1n a third parallel branch 12, uniting point 13
on branch ;7 to point 45 on conductor 2. The
said auxiliary magnet has an armature 14,
which when attracted is brought in front of
a detent or stop-pin 15, carried by the arma-
ture-lever 16 of the actuating-magnet 6. Ob-
viously if the armature 14 of the auxiliary
magnet w be attracted into its forward posi-
tion and theactuating-magnet o subsequently
energized the armature of the latter will be
locked and rendered unable to move forward,
because its path is blocked by the ‘?ald arma-
ture 14.

The actuating- maun'net z of the service-
meter N is eonneeted in a fourth parallel
branch z of the local relay-circuit W, the

same being shown as extending from the
point 1 on branch 7 to the point 2 on condue-

tor 12. "U'his meter N comprises the said ac-
tuating-magnet x, its armature 19, the pal-
lets 17, carried thereby, and the ratchet or
star wheel 18, whereby the requisite motion
1s imparted to the meter mechanism proper,
these mechanical features being in every sub-
stantial respect similar to those of meter M.

T'he actuating-magnet o and locking or de-
tent magnet w of the service-meter M and the
actuating-mmagnet o of meter N being in paral-
lel branches of the cut-out-relay cireuit, all re-
ceive a portion of the normal current of that
circuit—that is to say, of the current which
flows therein for the oporation of the relay
R—as soon as a call is answered by the inser-
tion of a switch-plug. This current, how-
ever, or such portion thereof as passes
thmuﬁh each of the several branches, is not
stlonn* enough. to excite the said electromag-
nets, and none of these magnets attracts its
ar mature |

The actuating-electromagnet o of meter M
and its armature are sluggish, or, in other
words, are constructed electmcal]y and me-
chanically in a well-known way to be slow in
responding to a sufficient operative current;
but are also designed to become operative
and respond when the normal current of the
cut-off-relay circuit is increased to medium
strength, as by short-circuiting stuch resist-

tion thereof external to that portion which
splits into several parallel branches. The

auxiliary electromagnet w of meter M and

the actuating-magnet « of meter N are irre-
sponsive not only to the normal circuit-cur-
rent, but also to the said current when in-
creased to the medium extent required for

meter M comp1 [ses an aet11&t1n0‘-elect10man‘- | the operation of the actuating-magnet o.
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They require for their operation a conmdep I smd local circuit may thus be traced: from

ably-stronger current, stronger, in fact, than
can be developed in the cucmt by the nor-
mal source, and tosupply the said maximum
current I provide a special source. ‘It is,

however, to bestated that they are quick-act-

ing in their response to a current sufﬁclently
stlon g for their operation.

The features of the system th us far de-
seribed are in permanent association with the
itted with the direct-reading
meters. Thearrangement of the service-me-
ters for the substation- circuit L* is in all re-
spects similar and does not require further
description, since thesaid metersare operated
only when the said other substation-circuit in
tarn becomes a call-originating line.
remaining features of the system are asso-

ciated with the movable parts of the switch-

ing apparatus and with that portion of each
switeh-cord connection which belongs to the
call-answering plug. The companion plug-
section of the switch-cord need not be pro-

ter system, as in each complete connection it
1s Invariably switched to that one of the two
substation-eircuits concerned which has been
called for and which therefore is not sub;ecb
to a charge.

H is a connecting smteh-eord wheleby
line L, originating a call may at the central
station be united to the wanted line 1.2 re-
sponding to such call. There is of course such
a number of switch-cords as are necessary to
properly handle the business. Much of the

switch-cord apparatus and the major part of

its circuits are of the Well known standard

type.

P P? are respectively the answering and
companion switeh-plugs, each having a main-

circuit tip-contact surface p and a ring-con-

tact surface p? these being adapted when the
plug 1s thrust into the socket to register and
make contact with the jack-springs ¢ and d,
respectively, and havuw also a local or rear

sleeve contact-piece 7, adapted to refrlster.

and form contact with the frame-piece or ring

e of the switchboard-socket J. When the'

plug is placed in the socket, the switch-cord
and fixed portions of the cut- off-relay local
circuit are united through the local contact
thus established, and the said cireuit W is
constituted for the. line over which the call
has been received.

through the two windings 4* 43 of the induec-

60

when a plufr P is in a switch-socket,

tion-coil I, and the 11nfr-eontaets aresimilarly

united by conductor 4 throu gh the remaining
windings ¢* ¢ thereof and the supervisory

relay R? the battery I or similar source of
current bemrr bridged between the said con-
ductors 3 and 4 at points yand y¢ and through
conductors 30 and 49. The source K supplies
a normal current for the substation-trans-

-mitters for call and supervisory signals and

also for the local circuit W between its poles

The

The tip-contacts of the
two plugs are united by strand conduector 3

The | quired connection.

one poleof source If to point 46, then through

the lamp-signal s* and its accompanying re-
sistance 12 to point 28, thence to point 25, con-

tact 26 of key k?, and conductor 3 to the plu o-

contact p°. From this point the cireuit con-
tinues by socket-ring ¢ and conductor £ to

| point 7, where it divides between the four

parallel branches, reuniting at point 45 and
passing by counductor A, point 43, and con-
ductor f to the other pole of the battery F.
The usual lamp-controlling shunt extends be-

 tween points 25 and 47 of the local-circuitf con-

ductor through a suitable resistance r and is
1tself controlled by the forward contact of the

armature 27 of the supervisory relay R°in the

main-circuit conductor.
(& 18 a separate and substitute source of

currentconstructed and arranged to establish

in the local circuit W a current considerably
stronger than can be developed by the source
F in the same circuit, even when the lamp s°
and resistance r* are withdrawn therefrom.
It is shown as a straight-current magneéto or
dynamomachine; but obviously a voltaic bat-
tery may, if desired, be employed, or, again,

~the source I itself may be utilized for this

purpose, a suflicient number of cells being
added thereto, buat brought into circuit only

when the operation of the strongest current

is desired. One pole of the substitute source
(= 18 grounded or connected with the return-

conductor fand the other extends by a con-

ductor 22 to the front contact 23 of the key
k°. This key, together with- another key or
like circuit-changer t, is associated with the

switch-cord section of the local circuit W,

which in its ordinary arrangement supplylnﬂ*
current of normal value leads through the
key k?and its back orresting contact 26. - The
other key % when at rest is dlSSUCl&ted from
the local ¢ireuit, but is united by conduector

29 from the pomt 46 on the: battery-conductor

30. Thefrontcontact-stop 24 of key % is, how-
ever, branched from the same point 25 of the
local circuit as is the resting-contact 26 of
key /i*.

ance 12, together with 1133 shunt and resist-
ance r. If the key %? be operated, it acts to

disconnect the source F the signal s? and

the resistances » and » and to connect the

fixed or board portion of the local circuit W

through the plug P to the more powerful
source Q.

In the operation of the mventwn it may be

assumed that one of the substations of line
L. has sent in a call by taking his receiver
from the hook and by.thus closmw the cir-
cuit of the battery I through the qtatlon tele-
phones. The line -relay “R? responds and
causes the display of the lamp-signal s, to

which the operator 1e%ponds by mqmtmﬂ the

answering-plug P in the appropriate smtch-

If the key & be operated, it acts to
‘short-circuit the lamp-signal s?and its resist-
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‘socket J, receiving the order for a station of

line I®, and then proceeding to make the re-

As soon as the said plug
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is inserted the local circuit W is closed and | like manner is exclusively responswe to

the normal current thereof excites and. oper-
ates the cut-off relay R. Thesaid current is
competent to work the supervisory signal-
lamp s% but does not, because the main-line
current exciting the relay R3 establishes the
shunt around said signal. The said normal

current i1s not strong enough to work either |
of themeters M and N.

connection called for is established, it be-
comes necessary to make a charge against the
substation originating the call, and should
the said call have been sent in by substation

A it is to be registered by the service-meter

M. Toeffectuate such registration,the oper-
ator presses the key %, and this, making con-
tact with point 24, closes the short cireunit
from point 46 through conductor 29, and
around the lamp s* its controlling-shunt,
and resistance 7. The resistance of thelocal

circuit being thereby reduced, the current of |

battery I is correspondingly strengthened
and is now strong enough to fully exclte the
acbuatmﬂ'—mannet} o of the service-meter M,
which aecordlnﬂ'ly registers the call aﬂ*amst
substation A:; but the sald current thus

- strengthened to a medium degree 1s still too
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weak to affect the actuating - magnet z of
meter N or the detent-magnet w0 of meter M
and no registration is made except by meter
M. In case, however, the call shall have

proceeded from substation B the operator

presses the key %* to make the required reg-
istration or count. In this case all of that
portion of the normal local circuit W thatlies
between said key and point 33, including the
battery I, is dissevered from the portion of
the circuit which includes the meters and a
new connection between the latter and the
more powerful generator source G is estab-
lished, the old elrcmt being opened at the

‘back contacb 26 and the new one closed

through the front contact 23. The current
from source & thus thrown on the line is
strong enoun*h toexcite the actuatmw-ma,gnet
x of meter N and the said meter 1s operated,

registering the call against substation B; but
the current of maximum strength sufficient
for the operation of magnet x is clearly strong
enough to operate magnet o also, and it is
therefore necessary to provide means for pre-
venting the operation of meter M when the key
k?is manipulated to operate meter N. Thisis
donebythedetentorlocking-magnetww,which
responds to the current of source G and which
is operated simultaneously with magnet x of
meter N. The locking-magnet w operates
much quicker than magnet o, which, as has
been stated, is sluggish or slow-operating,
and registration by the meter M is thus pre-
vented by the prompt movement of the arma-
ture of magnet w, which is attracted into
line with the stop-pin 15 of armature 16 and
the consequent blocking of the latter arma-
ture. T'he meter M, representing substation

A, is thus exclusively responsive to the ma-

nipulation of the key %, and the meter N in

When, however, the

|

key k.
I claim—
1. Ina telephone-exchange system,the com-

bination of two substations; a main circuit
connecting both-with a central station;switch-

ing devices at the central station for anit-

ing the said main circuit to any other sub-
station - circuit; a local circuif asscciated
with said switching devices; and a source of

current for the local circuit; with two service- -

meters representing the said substations re-

| spectively,and having actuating-electromag-
nets connected in the loeal Clr omt and means

assoclated with said switching dev1ces for the
selective operation of either service-metel to
count or register the calls of the correspond-
ing substatlon

3. In atelephone-exchange system, the com-
bination of two substations; a main ecircuit
connecting both with a eenm al station; a
normally 1u00mplete associated local circuit
containing a relay; switching devices at the
central station for uniting the said main
circuit to any other substation-circuit and
for completing the said local circuit; and a
source of current at said central station con-
nected with the said local circuit when closed
by the operation of said switeching devices
and adapted thereupon to supply current for
the operation of said relay; with two service-
meters representing the said substations re-
spectively,and having actuating-electromag-
nets connected in separate branches of the
local circuit parallel to the relay thereof;
and means associated with said switching de-
vices for the selective operation of either
service-meter, to count or register the calls
of the couespondmﬂ' substation; substan-
tially as set forth.

5. In combination with a telephone - ex-
change main circuit having two substations
and extending therefrom to a central-station
switchboard; and the cut-off-relay circuit
therefor associated with said switchboard; of
two keys controlling the current in said local
circuit and adapted to increase the same to
medium and maximum strength respectively;
and two electromagnetic service-meters con-
nected with said local circuit representing the

two substations of said main cirenit, and cor-

responding to the said two keys, one of the
sald service-meters being responsive to the
maximum strength and the other being held
quiescent thereby, but being adapted to re-
spond to the medium strength of current in
said local circuit, and each being consequently
responsive exclusively to the operation of its

corresponding key; whereby the calls of the

sald substations may be directly registered

by the said service- metels 1espect1ve1y, sub-

stantially as set forth.
4. In a telephone-exchange, the combina-
tion of a two-station subsecriber’s main ecir-
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cuit; a local circuit therefor at the central |

station consisting in part of a fixed switch-
board-eonductor and in part of a switch-cord
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conductor, and including a supervisory sig--

nal and its associated resistance: means for
producing in the said local circuit currents
of three different strengths, said means com-
prising the normal source of current, a more
powerful substitute source, and two keys or

circult-changers associated with the said cord

conductor, one adapted to short-circuit the
sald signal and resistance and thereby in-
crease the current from the normal or lowest

strength to medium strength, and the other

acting to transfer the circuit from the normal
to the substitute souree and thereby further
increase the local-circuit current to its great-
est strength; the cut-off relay of said main
circuit in a branch of the local circuit, re-
ponsive to the normal or weakest current
thereof; and two electromagnetic service-me-
tersrepresenting thesubstationsrespectively,
one having a slow-acting actuating-magnet
and a quick-acting detent or locking-magnet
in two other branches of said circuit parallel
to each other and to the relay branch, and
the other having a quick-acting ﬂetuatmrr-
magnet in a fourth parallel branch the ac-
tua,tmﬂ* magnet of the first-named meter be-
ing ewcelusively responsive to the medium cur-
1'61113 of the first-named key for the registra-
tion of the calls of the correspondmﬂ' sub-
station, and the locking-magnet thereof to-
oether with the quiek-aeting‘ actuating-mag-
net of the second meter being simultaneously
responsive to the stronger eurrent controlled
by the second key, to prevent the registration
by the said first meter of the callsof the other
substation, and to effect their registration by
the second substantiall y as, and for the pur-
pose set forth

5. Inatelephone-exchange system,the com-
bination of a subseriber’s main circuit extend-

1ng from two substations to a central station;

a ‘‘relay-switchboard” therefor at said cen-
tral station comprising switch-sockets of the
sald main circuitand switch-cord devices hav-
ing ‘““answering” and ‘‘companion” switch-
plugs for insertion respectively in gaid sock-
ets and the switch-sockets of other main cir-

cuits; a normally incomplete local cirenit in

sald switehboard associated with and con-
taining the cut-off relay of said main ¢ircuit,
and adapted to be completed (when a plugis
inserted in a switch-socketof the correspond-
ing main circuit) through a local conductor
of the switeh-cord of sald plug; a signal de-
vice and associated resistance in th_e switch-
cord portion of said local circuit; and asource
of current in thesaid loeal circuit supplying
a normal current for the operation of said
cut-off relay; with a separate and more pow-

erful source of current; two keys or circnit-
changers associated with the switeh-cord por-
tion of said local circuit, one adapted when
operated to withdraw resistance from the
local circuit without changing the source,
and thus establishing a current of medium
strength, and the other to transfer the cir-
cuilt to the more powerful source and thus
establish a current of maximum strength;
and two electromagnetic service-meters asso-
ciated at the central station with said main

circuib to represent respectively the two sub-

stations thereof, and having their actuating-
magnets connected with the said local cir-

“cuif, one of the said service-meters being ex-

clusively responsive to the medium current
established by the operation of one of the
sald keys, and the other meter being exclu-

-sively responsive to the maximum current

established by the operation of the other key.
- 6. The combination in a telephone -ex-
change system, of a subscriber’s main cir-
cuit extending between two substations and

a ‘‘relay-switchboard” at a central station;

the local ““cut-off-relay” controlling circuit
of said main circuitincluding said relay, and

supervisory-signal devices; a normal source

of current for the said local circuit furnish-
ing current for said relay and signal devices;
a c11=cu1t changing key adapted to cut out re-
sistance from the circuit; a substitute source
of higher electromotive force, a second cir-
euit-changing key adapted to transfer the
sald local circuit from the normal to the sub-
stitute source; an electromagnetic service-
meter for each substation having their actu-
ating-magnets in branches of said local cir-
cutt parallel to said relay, the said actuating-
magnets being respectively responsive tothe
operation of sald keys; and an electromag-
netic detent or locking device for the actu-
ating-magnet and its armature correspond-

ing to the first-named key, the said locking

device being responsive to prevent the oper-
ation of the service-meter with which it is
associated, by the stronger current of the

substitute source, when the said current is

transmitted by the second-named key for the
operation of the other service- -meter; sub-
stantlally as described.

In testimony whereof I have smned my
name to this specification, in the presence of

two subseribing witnesses, this 4th day of
April, A. D. 1901.

ERNEST C. ROBES.

Witnesses: -
GEO. WILLIS PIERCE,
FRANK O, LOCKWOOD,
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