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1o all whom it may concerv: | within the field of the two end poles respec- 50
Beit known that we, ALBERT M. BULLARD, | tively; but by making the rearward arm a
residing at Somerville, in the county of Mid- | little longer or heaﬁva than the other a nor-
dlesex, and LoUIs A. FALK, residing at Bos- | mal inclina,tion 1s imparted to it, so that the
5 ton, in the countyof Suffolk, State of Massa- | armature is overbalanced rearwardly, and

chusetts, have invented certain Improve- | while its hinderend is in close juxtaposition 55
ments in Electrical Relays and Circuits, of | to the approximate pole, the forward endisas
which the following is a specification. | far away from the forward pole as is permit-

This invention relates to electromagnetic | ted by the range of armature oscillation.

10 apparatus, and particularly to relaysand cir- | Thus when a current impulse passes through
cuits controlling and controlled by them. Its | both coils the attraction exerted by the core 60
object is to provide a single relay capable of | upon the rearward end of the armature 1is,
responding to either intermittent or continu- | by reason of its closer proximity to the pole,
ous electric currents traversing a main cir- | much greater than the opposing attraction

15 cnit with which it may be connected and | exercised upon its forward end by the for-
which under the influence of the said cur- | ward pole, and the armature consequently 65
ronts is capable of selectively controlling | remains at rest, being pldcmcally ‘““locked”
either or both of two independent local cir- | or retained in its nor mfbl position by the pre-
cuits for the operation of the apparatus asso- | ponderating influence of the rear pole.  The -

zo ciated therewith or contained therein. - | lighter armature is suspended or fulerumed

The relay of this invention has two inde- albo at or near theintermediate pole, butex- 70
pendent armatures of diverse inertia. One | tends therefrom in one direction only—viz.,
of these (the heavier) is irresponsive to in- | to the forward end pole, and is therefore
terrupted or intermittent currents, which in-| subject to the action of the forward exciting-

2t deed, so far as they affect it at all, tend to | coil only. Since this armature is not con-
maintain its quiescence or normal-or resting | trolled by the rear coil, it is responsive to 75
‘position, but responds to the passage through | any carrent sufficiently ,stronn‘ traversing the
the main ecircuit of a continuous or steady | front coil and 1s eonsequently responsive
current or to a current impulse which is so | not only to asteady current passing therein,

3o far protracted thatits followingcurrents and but,_havinglibtleiner_tjia,,tom'hyt;hmiea,lly-in- |
intermissionsdonotinanysensetfollowonean- | terrupted current also, moving to its forward 3o
otherwith such rapidity thattheycan properly | limit on the passage of the impulse and fall-
be said to be rhythmical. The lighter arma- | ing back promptly on the intermission. |
ture is arranged to be responsive either to a Refer ring to the functions of the two excit-

35 steadyor continuouscurrentortoarhythmic- IHU'-LOIIS we term the front coil the *‘actuat- -~
ally-interrupted current. T'o act upon these mu'-cml” and that on the rear section of the 85
armatures, the relay is provided with aniron | core a ‘‘locking-coil.”
core having forward and rearward terminal Both armatures are plowded with loeal-cir-
poles or I)Ol&l ends and an intermediate pole | cuit contacts which are controlled by their os-

40 or pole-piece, the said core being wound with | cillations, the said contacts being united by
Lwo magnetizing - coils SLll.lO'Ll[ldlI]C" the for- | the forward motion of the corresponding ar- go
ward and rearward sections, respecbively mature and separating on the recession of the
formed between the intermediate and the two | armature. By this means our relay is en-
end poles. The said coils arve.in series with | abled to do work heretofore requiring the em-

45 one another and are adapted for connection | ployment of two separate relays S, 1
in a main circuit. The heavier armature is | independently controls two separate local cir- g5
poised or fulerumed at or near its middle at | cuits or¢ lONS8— in :

the intermediate pole, and its ends extend in | circuits with each successive impulse of an
opposite directions to points in front of and | intermittent current and closing the other
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wheneverthe interruptions cease and thecur- | pole or pole-piece », which may also serveas

rent remains continuous or steady.

To bring about the requisite mofion of the
main or heavy armature in its proper time,
we provide means controlled by the oscilla-
tions of thelighter armature for withdrawing
the locking-coil from the circuit when a con-
tinuous current passes. The said locking-
coll 1s, indeed, so withdrawn during the lat-
ter portion of each impulse of the intermit-
tent current; butthe transient withdrawal of
the locking-coil under these conditions is so
immediately followed by an intermission of
current that the excitement of the front coil
also at once ceases and the main armature
does not move. Thus to bring about the op-
eration of said armature our invention re-
qulres that the locking-coil shall first be with-
drawn from the working circuit or deprived
of current and that during such condition of
the retaining-coil a current shall continue to
flow through the actuating-coil. This oceurs
daring the passage of a continuous current.
In the main circuit which contains the said
colls we provide a source of current, means
for interrupting the current rhythmiecally,
and means tor withdrawing the said inter-
rupting apparatus to permit the steady flow
of current.

Ourinvention is primarily designed for use

in gutomatic telephone-exchanges, wherein
heretofore the practice has been to employ
two relays to close independent local circeuits
at the centralstation, including, respectively,

a selecting-magnet and a connecting-magnet.

When so employed to produce the intermit-
tent current necessary for the exclusive op-
eration of the lighterrelay-armature, a rhyth-
mical interrupter or circuit-breaker at the
substationis introduced into the main cireuit,
which also includes the central battery, and
the requisite succession of current impulses
1s thus created. These in due season are fol-
lowed by the establishment in the circuit of
a steady current, and this is brought about
when the substation -telephone is removed
from its switch-hool, the circuit being there-
by closed through the said telephone, and
pursuant to the sald continuous current the
heavy relay-armature is operated.

In the drawings which accompany this
specification, IFigure 1 is an elevation of one
form of ourrelay. Figs. 2 and 3 are respec-
tively a top and side view of another and in
some respects preferable form of the said re-
I1g. 4 is an end view of the form illus-
trated by Figs. 2 and 3. Fig. 5 shows cross-
sections of the two armatures on the linexz
of Iig. 3. IKig. 6 is a diagram showing the
connections of the relay as associated with a
substation-circuit of an automatic exchange
system.

Referring for the present to Figs. 1 and 6,
R is the relay, shown as being mounted hori-
zontally and secured at the rear end by the
bolt 0 to a bracket B. K is the iron core,
having polar ends P P* and an intermediate

a partition, dividing the core into front and
rear sections I{* KB and likewise by giving
its upper side a knife-edge may be utilized
as an armature-fuleram f. The core may be
in one piece from end to end or, if desired,
the front and back sections may be separate,
but secured end to end, the front section,
however, in either case being preferably
smaller in ceross-section than the rear, since
it 1s desired that the latter shall be sluggish
and the former relatively rapid in operation.
The front polar end is shown as being formed
of an 1ron strip y, bolted to the core and
turned at a right angle at the top and bot-
tom ends to overlap the coil-spool; but any
preferred construction, such as the plate
form of the rearward polar end, may readily
be adopted.

A is an armature ol considerable inertia
fulerumed at f and extending by arms m and
n to the rear and front polar ends, respec-
tively. Itis made heavierattherearendeithen
by making that arm longer than the otheror
of greater cross-section than the other or, as
indicated in IFig. 5, by making holes or re-
cesses in the front arm n or otherwise light-
ening the same. Guide-pins 3 and 5 are se-
cured to the polar ends and pass loosely
through holes in the armature, the requi-
site range being determined for the oscilla-
tions of said armature by threading the ends
of said pins and fitting them with adjustable
nuts, so that the said nuts serve as limit-
stops. The lower armature « is much lighter
and smaller, and its inertia is therefore much
less. It is fulerumed at one end /v in a sup-
port 7, attached to an arm 3, secured at or
near to the intermediate pole », and extends
by its free end to a pointin front of the front
pole P. This armature has a guide-pin and
limit-stop 4.

The heavy armature A controls local-cir-
ctiif contacts ¢ and ¢*, the latter being fixed
and the former carried by the armature it-
self, and the light armature ¢ in like manner
controls movable and fixed local contacts d
and d*. The said fixed contacts ¢t and d*are
mounted 1n metal strips or plates insulated
from one another and from the core by suit-
able insulating-layers, but mechanically se-
cured to said core by the bolt /.

The exciting-helices » and s of the relay are
adapted for connection in a main circuit E
and are in series with each other in said main
circult, which, entering by conductor 0, passes
through the actuating helix or coil s, the con-
necting-conductors 7 and §, and the retain-
ing-coll r in succession, leaving the latter by
conductor 9 and leading thence to the source
of current S, the other conductor 26 of said
maln circeult being extended froin the other
pole of said source. The battery S may also
supply current for a local ciremit M, con-
trolled by the local points d d* of the lighter
armature ¢ and including a relay R* This

circuit, starting from the battery, passes by
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conductor 16, through relay R3, to conduc-

“tor 12, contacts d* and d, armature a, and
through the support therefor, the core, and

the framework generally to the common re-
turn-conductor 10. It is normally open, but
is closed when by the forward motion of ar-
mature a the points d d* are united.

N is another local circunit, which may con-
tain a relay R* or, in fact, any desired appli-
ance, such asanindicatororalamp,and which
also may be supplied with current hy the bat-
tery S. This eircuit, starting from said bat-
tery,passes,by wa,yofconduetorlS conductor
17, relay R¢, conductor 13, contact-points ¢° ¢,

.fmd ar'ma_tme A, to the metallic core and

framework, and bh.us to common return 10.
This circuit also is normally open and 18 con-
trolled by armature A, being closed when the
points ¢ c* are brought into contact by the for-
ward movement thereof.

7. is a shunt-circuit constituting means for
the control of the locking-coil » of the relay.

It is normally open, and the coil r is therefore
in the main circuit; butits continuity 1s con-

trolled by the relay-points e ¢* of relay R?,
and when these are brought into contact the

‘shunt-cirenit is closed and the coil » practi-

cally withdrawn from the main e¢ircuit, sothat
currents passing through said main cireuit
and the forward coil s no longer pass through
the coil r also, but through the shunt-con-

ductors 14 and 15, which short-circuit the said-

coil by passing from the point ¢ on one side
of coil » to the point ¢° on the cther through
the contacts e ¢* of relay R?. It is manifest

that, if desired, the lighter armature ¢ of the

relav R of our invention could be made to
control the shunt-circuit Z directly by its
local contacts d d° instead of employing these
contacts to close an intervening circuit act-
ing upon the shunt by means of a second re-
ch}T. If an intermittent current or an appro-
priate series of current impulses be trans-
mitted through the relay of our invention,

the light armature a will respond to each im-

pulse and will be attracted for ward, bringing
the contactsd d? together and closmg the 10ch1
circuit M; but the heavy armature A will not

respond,forthesaid currentimpulses traverse

coil r as well as coil s, and though undoubt-
edly attraction is thereupon exercised on said
armature by both poles P and P? that exerted
by the rear pole P? is the stronger, since the
end m of the armature is close to that pole and
since, therefore, all that the said pole P? has
to do is to maintain the armature in the rest-
Conse-
quently during the transient impulses of cur-
rent through both coils armature a responds,
butarmature A does not;
a closes its contacts d * the operation of re-
lay R3 (if such relay be employed) or the op-
eration of said contacts directly closes the
shunt-circuit transiently around the retain-
ing-coil ». When this occurs, the heavy ar-

mature A becomes acted upon, like the armna-
ture a, by the front coil s alone, and would

but when armature

ey
it

| operate were it not that, the intermission of

current closely following theimpulse thereof,

the attraction due to the said front coil has

ceased, and this, together with the mechan-
ical inertia of the m*umtm e and the electrical
inertia of the core-section K?, prevents the
said armature from being moved during the
brief periods wherein the shunt Z is closed
while an . intermittent current is passing
through the ¢ircuit. The succeeding current
1mpulbe thus finds the shunt again opened
and the winding 7 in the main euuut and
again the armature A is retained; but if 1n-
stead of such intermittent current a continu-
ous current flows in the main cireuait, so that
the light armature a once attracted into 1its
fmwcu*'d position stays there for an interval

of time at all protracted, the points d and d

remain in contact, and the shunt-circuit con-
sequently remains closed, practically with-
drawing the relay-coil » from the main cir-
cutt. The heavy
by the forces combining to ma,_iutain 1ts qui-
escence and now acted upon by the coil salone
oscillates into its operative position, the end
i appmachmﬂ* more closely to pole P, and
thus bringing the points ¢ ¢* into (,_onmf,t and
closing the 'loeal cireuit N. .Apparatus for

producing this ¢ycle of operationsisindicated

in the diagram Fig. 6, the central-station por-
tion U of which, comprising the relay of our
invention, the central source of current, the
auxiliary relays R? and R* and the local and
shunt circuits, has already been described.

 V is a substation of the wmain circuit H.
Normally the telephone ¢ is on its switch-

hook, as shown, the circuit in that case be-
Ing conduetwelv open in the condenser k.

I is a rhythmical interrupter of any well-
known constraction connected in a branch 13
of the circuit. To send recurrent impulses,
the said mtermpter is operated and causes «
suceession of alternate current impulses and

intermissions in the circuit, which affect our

relay and the apparatus controlled thereby in
the manner described. When the appropri-

‘ate number of pulsations for any particular

occasion has been sent, the operation of the
interrupter ceases and the telephone 7 is re-
moved from the hook, closing the main circuit

armature A no lonﬂ‘e_l held.
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and permitting a conbmuous or steady cur rent

to flow therein from the source 5.  When our

relay is operated in association with such a
central-batiery automatic
tus as has been indicated and generally de-
scribed herein, it is found advantageous to
so adjust or arrange the substation-cireult-
interrupting device as to produce the inter-
mittent
ten per second.

The form of 1elaJy lllust,mted by Figs. 2 and
3 does not differ in principle from llldt already
described. Its coustruction, however,
vides that the lighter armature a as w (,,ll A4S
the heavier, A, shall be fulerumed on the

knife-edge at the intermediate pole p, a cap

w bem pla,ced oyer both to pwvent displace-
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ment.
tending from its fulerum to the forward pole-
plece P, is fitted with a rearward extension-
piece a, of brass or like non-magnetic metal
or alloy, to aid in maintaining its poise. The
welght of the heavier armature is distributed
as 1n the former case, the fulerum preferably
being slightly nearer to the front pole P than
to the rear pole P*.  This gives the armature
the required normal bias toward the said rear
pole-piece and aids in providing a longer coil-
space for the helix », this being found gener-
ally desirable. DBoth armatures being above
the coil, the contact-points ¢ and d are like-
wise both above, a separating-pin o Dbeing
placed between the armature ends. The
whole is mounted on a base-board W,

We claim—

1. A relay comprising an iron core; an ex-
citing-coil therefor consisting of front and
rear sections in series; an armature of slight
inertia in the field of the front coil-section
responsive to currents passing through said
front colil-section regardless of the condition
of the other; and asecond armature of greater
inertiain the field of both coil-sections, adapt-
ecl to be held 1n its normal position when cur-
rents are passing through both coil-sections,
but to be responsive by attraction into its
working position, on the passage of current
through the front coil-section only; substan-
tially as set forth.

2. In a relay, the combination of an iron
core having terminal poles, and divided by
an intermediate pole into two sections; two
magnetizing-coils in series wound over the
sald two core-sections respectively; an arma-
ture extending between the said terminal
poles, fuleramed intermediately, and biased
or inc¢lined toward the rear terminal pole, the
same being held in its normal position by the
preponderating influence of thesaid rear pole
when an exciting-current is passed through
both coils, but adapted to move toward the
front pole and into its operative position on
the passage of a steady current through the
coil of the front coil-section only; a lighter
armature extending from a fulerum at the
sald 1ntermediate pole to the front terminal
pole only, and made to be responsive to the
passage of an exciting-current through the
coll of the front core-section, regardless of
the condition of the other; and independent
sets of local-cireuit contacts controlled by the
sald armatures respectively; substantially
as described.

3. In a relay, the combination of a single
magnetic core with polar extremities, and di-
vided into front and rear sections by an in-
termediate polar partition; a main armature
poised intermediately and adapted to oscil-
late between sald polar extremities, but nor-
mally approximating toward that of the rear
section; a lighterarmature suspended by one
ena at the said intermediate pole and having
its other end extended to the front polar ex-

The said armature a, though still ex- |
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rounding the said front section of said core,
and adapted when traversed by an execiting-
current to cause said core to exercise attrac-
tion on both armatures; a second exciting-
coll in series with the first, surrounding the
rear section of said core, and adapted when
traversed by an exciting - current to cause
sald core to exercise attraction on the main
armature alone, tending to maintain the qui-
escence thereof; circuit-closing relay-points
controlied by the said lighter armature; and
means controlled by said relay - points for
withdrawing the second or rear section-coil
from the circuit; substantially as and for the
purposes specitied.

1. The combination in a relay, of an elec-
tromagnetic core adapted to have end poles
and an intermediate pole; a main armature
therefor polsed nearits middle and extended
between said end poles, but unbalanced and
normally inelining toward the rearward, and
away from the forward end pole, but capa-
ble of oscillating into a reversed or forward
position; local contacts normally separated
but adapted to be united by sald armature
when attracted to its forward position; an
actuating-coil for the forward pole of said
core and a retaining or locking coil for the
rearward pole thereof, 1n serial circuit with
each other, the formeroperating toswing the
said armature into said forward position, and
the latter acting to retain said armature in
1ts normal position; with a lighter armature
acted upon by the said forward pole and ac-
tuating-coil only; and means controlled by
sald lighter armature for short - circulting
sald retaining-coil, and for maintaining said
short circuit as long as the current actuat-
ing said lighter armature persists; whereby
the main armature is made irresponsive to
an interrupted current, and responsive to 4
continuous or steady current passing in the
circuit of the actuating-coll; substantially as
specified.

5. The cowmbination in a relay, of an iron
core having terminal poles, and an interme-
diate pole; an armature fuleramed at the in-
termediate pole and extending between the
terminal poles, the same gravitating normally
toward one of the said terminal poles; a sec-
ond and lighter armature also fuleramed at
sald intermediate pole, and extending there-
from to one only of said terminal poles; two
sets of local contacts controlled by the said
armatures respectively; an exciting-coll com-
prising twoserially-connected sections wound
over said core between the intermediate and
the terminal poles respectively; and a shunt-
circult for one of sald coil-sections controlled
by the local contacts of sald lighter armature;
substantially asand forthe purposes setforth.

6. The combination of a main circuit; a
source of current contained therein; and
means for establishing in said eircuit either a
continuous or a rhythmically - intermittent
currentfromsaid source; with arelay compris-

tremity of said core; a magnetizing-coil sur- | ing a sluggish armature, an actuating and a
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retaining coil in series in said circuit the
former acting to move said armature, and the
latter acting in opposition and operating to
prevent the movement of said armature dur-
ing the passage of intermittent current in said
main cireunit, an auxiliary armature of lesser
inertia under the influence of the actuating-
coil only and hence responsive to all currents

in said main circuit, and two sets of relay-con-

tacts controlled by the sald armatures respec-
tively the members of each being united when
the controlling-armature has been moved by
said actuating-coil; a local cireuit including
the said relay-contacts of the sluggish arma-
ture; and a shunt-¢ircuit of the relay retain-
ing-coil, controlled directly or indirectly by

the relay-contacts of the lighter armature,

and adapted to be closed thereby, and to free
the sluggish armature of sald relay on the
passage of continuous or steady current in
the main circuit substantially as set forth.

7. The combination of a main circuit; &
source of current; and a device for rhythmic—
ally interrupting the current of said source
included therein; and means at a station of
said cireuit for withdrawing the said inter-
rupter therefrom, and thus leaving the cur-
rent steady; with a relay comprising a core;
two armatures, one placed in operative rela-

B

tlou to both terminal poles of said core, and 3o
the first in operative relation to one only of

said poles; a retaining-helix in said circuit
acting on said core in such manner as to pre-

vent the movement of the first-named arma-
ture; a second helix serially connected with
the said retaining-coil in said circuit acting
on said core in such manner as to operate the
second armature,and to operate the first when
freed from the influence of said retaining-coil;

independent local contacts for each of sald
armatures; and a normally open shunt-circuit

“around the retaining-helix controlled by the
local pointsof said second armature; whereby

the first armature is prevented from operat-
ing during the passage of interrupted or in-
termittent currents, but enabled to operate
on the passage of a sbeady current; substan-
tially as set forth.

In testimony whereof we have mgned our

names to this specification, in the presence of
two subscribing witnesses, this 1st day of De-
cember, 1900. :

 ALBERT M. BULLARD.
LOUIS A. FALK.

- Witnesses: -
- GEO. WILLIS PIEROE
JOSEPH A. GATELY.
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