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IMPULSE COUNTING RELAY AND
SYSTEM THEREFOR

Thomas P. Farkas, Jackson Heighis, N. Y., as-
signor to Bell Telephone Laboratories, Incorpo-
rated, New York, N, Y., a corporation of New

York

Application March 20, 1948, Serial No. 16,091
(CL 177—253)

11 Claims.
1

This invention relates to electrical impulse
signaling systems and more particularly to im-
provements in magnetic counting relays and
circuits for selective calling of telephone or tele-
sraph stations of the type disclosed by C. N.
Hickman in copending application Serial 758,904
filed July 3, 1947, now Patent No. 2,589,808,

An object of this invention is fto provide an
electrical impulse counting system responsive to
a continuous train of electrical impulses received
in uninterrupted sequence.

Another object of the invention is to eliminate
the requirement for a slow-release characteristic
in magnetic contact counting relays heretofcre
employed in a telephone station calling system.

Another object of the invention is to provide
an improved magnetic contact relay structure
wherein the tendency of such contacts to stick is
overcome and wherein a positive break of suc-
cessive contacts is assured for each impulse cycle.

A further object of the invention is to reducs
the space.required for selective signaling zp-
paratus of the magnetic contact relay tyne.

A still further object of this invention is to
provide a simplified electrical impulse counting
eircuit wherein g magnetic contact counting relay
is operable directly by such conventionsl means
as a standard telephone dial, without the ne-
cessity of an intervening pulsing relay.

In the use of magnetic contact counting rslays
of the type disclosed by G. R. Stibitz in Patent
2,305,450, issued December 15, 1942, for selective
signaling purposes, it has been found that the
magnetic contacts sometimes display a tendency
to stick when they should open, and this tendency
has reduced the speed at which such relays
could be operated and even, in some cases, has
caused faulty or incorrect operation. This tend-
ency for magnetic contacts to stick has been
attributed to residual magnetism remaining in
the contact members after deenergization of the
operating coil, and in part to leakage flux through
magnetic members of one side of the structure
from the energizing coil associated with members
of the opposite side of the relay structure. Here-
tofore, the effects of residual magnetismn and
leakage flux which cause this tendency for con-
tacts to stick have been overcome solely by the
application of a more powerful magnetic field
to operate the relay against these restraining
forces. It is apparent that this solution to the
problem has required more power for the oper-
ation of the relay than would otherwise have
been necessary. In the present invention an ad-
ditional element has been introduced inte the
relay whereby the effects of these undesirable
forces are overcome and the relay is rendered
operable by less power.

Another difficulty encountered in the use of
magnetic contact counting relays for a selective
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slgnaling system is the necessity of providing
& slow release characteristic for one side of such
a relay when used for digit counting, as disclosed
by the copending application of C. N. Hickman,
Serial No. 758,904 filed July 3, 1947, now Patent
No. 2,589,806. Because of the inherent fast oper-
ate characteristic of these relays, and because of
the relatively low current required for their
operation, and the comparatively weak magnetic
fields which are set up, as compared with other
types of relays, it is more difficult to provide a
slow release characteristic for relays of the mag-
netic contact counting variety than it is for
other types. To overcome this difficulty the in-
ventor has devised a new and improved electrical
impulse signaling circuit in which magnetic con-
tact counting relays without any slow release
characteristic are employed.

In all similar systems for signaling or impulse
counting, heretofore disclosed in the art, it has
been necessary to employ two relay armatures
to count each individual electrical impulse, i. e,
one armature would operate at the beginning of
each impulse and a second armature would
operate at the end of each impulse. Although
this arrangement is quite satisfactory for sys-
tems employing a short train of impulses for
each digit or group, it becomes apparent that if
larger groups of impulses are required, as may be
the case in many signaling ‘applications, the size
of the necessary relay stack with two armatures
per pulse may hecome unwieldy, or even sg large
as to he inoperable. Therefore, the inventor has
devised an improved impulse counting eircuit
wherein only one armature of the counting relay
is operated by each complete pulsing cycle, With
this arrangement the over-all height of a relay
stack as may be required for any particular im-
pulse counting operation may bhe reduced to
approximately one-half that formerly reguired.
With this reduction in over-all size and its at-
tendant reduction in space requirements and
cost of apparatus, there is also gained a greater
concentration of magnetic field which results in

‘more efficient operation of the relay, less oper-

ating current being required than in the case
of the larger structures.

Heretofore, all impulse counting circuits em-~
rloying magnetic contact counting relays have
included a continuity transfer pulsing relay, re-
sponsive to dial pulses, by means of which the
operating coils of the magnstic contact relay are
alternately energized and deenergized. The in-
ventor has discovered that by a rearrangement
of the operating coils on the impulse counting
relay, the need for a pulsing transfer relay may
be eliminated. Thus, in some applications, an
additional economy of space and apparatus may
be enjoyed by this means.

Btill another former limitation of the mag-
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netic contact counting relays has been overcome
by the -present-invention. This limitation: was
the impossibility of recyecling former types of such
relays. This limitation has been overcome in the

present invention by the addition of an extra -

armature tongue at one end of.the.counting
relay stack. By this means, herein disclosed,:a
- magnetic contact counting relay may ke auto-
matically reeycled so that it will. respond..con-

tinuously to an uninterrupted:rain-ef impulses:

for an unlimited time. With: such-an -arrange-
ment the inventor’s improved magnetic contact
counting relay may be used .in: any.application
where continuous stepping switches have for-
merly been employed. Thus the utiliby-of -this
type of relay may now be extended to many ad-
ditional - operations-
systems.

"The nature -and:-operation :of -the present-in-
vention may be more:clearly-understood from a
consideration of the:detailed description which
when studied in-connection with .the re-
lated drawmgs wherein:

Fig. 1 is an exploded and partly cut.away iso-
metric_drawing-showing the:essential operating
elements of a magnetic contact -counting relay
of the type embodied in-the present:invention;

- Fig.-2is a perspective-drawing of-assingle.arma-
ture.lamination of the-type employed:in:the first,
third -and -fifth layers:ef the relay stacks illus-
trated by Fig. 1;

‘Fig. 315 a perspective:drawing of:assingle:arma-
ture lamination-of :the type employed:in-the sec-
ond, fourth and sixth . layers-of-the rela.; stacks
illustrated by Fig. 1;

-Fig. 4 is a. top plan-view of the relay stacks-of
Flg 1 showing the-relationship between operating
coils, pole-pleces and-armatures;

Fig. 5 is a front view -elevation -of ‘the relay
stacks of -Figs. 1 and 4, showing the relationship
between pole-pieces and armatures; -

Fig. 6 is a.schematic dlagram: of :a:relay of the
type herein disclosed showing an auziliary arma-
ture tongue 10-at one end of the relay.stack eon-
nected with - the -operating -coil -and -associated

pulsing relay: whereby the impulse counting:relay;

may be recycled and thus enabled- to:respond.con-

tinuously to impulses.as received in-seguence;
Fig. 7 is .a schematic .diagram: of two impulse

counting relays of -the type-herein-disclosed, in-

terconnected. to comprise a. .complete digital.se-.

lective signaling system. . In.this figure may.be
seen..an -additional-armature - tongue .50 .in the
digit countmg relay stack whereby. ‘operating coils
of this relay .are.held energized during.the.in-
terval between transmlssmn of. successive- digits,
thereby eliminating the-need for .a.slow.release
characteristic to be built into the relay.structure.
To.simplify the appearance of Fig. .7.and reduce
the possibility of circuit: confusion, the insulated

studs which extend between armature tongues.

are not illustrated -in this drawing. .. Tongue. 50,
unlike all the other tongues,.has no.insulated
stud associated with it;

_Fig. 8 is.a schematic diagram showing the man-~

ner in. whlch -2 magnetic contact counting relay.

of .the type .embodied in the. present. invention
may be interconnected with two pulsing relays.so
that only one armature tongue of the counting
relay will come  up..for -each complete pulsing
cycle.. . In this arrangement,.as illustrated, a re-
lay stack having only ten armature tongues may
be employed to count as many.as ten impulses,
whereas. in all arrangements. previously .dis-
closed such a relay structure would be limited to
counting a maximum of only five impulses.

uelephonn plants sand:

.rtongue (1,
..shown by, Figs. 1-6;

4
Here, again, the insulating studs between arma-
“tures-have been:omitted for the sake of clarity
-in-the-circuit-drawing. "It will be noted that all
of the armature tongues, with the exception of
have associated insulated studs as

L Fig.29.1s a schematic diagram showing one ar-

rangement in which a magnetic contact counting

-~relay of:thetype embodied in the present inven-

10

‘tion -may--be operated directly from dial pulses,

~without the interconnection of a pulsing relay as

previously required-in all such impulse counting

--circuifs;
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Fig. 10 is a top plan view of a relay stack of the
type-represented schematically in Fig, 9, showing
one operating coil positioned around the center
armatures,-and: the:other -operating coil around
the pole-piece: leg of one: side of ‘the relay. struc-
ture;

- Fig. 1l:dsa schematic:diagram of an alternative
eircuit-by :means:of -which a magnetic counting
relay .of the type-embodied in the present inven-
tion.may.be:operated-directly from dial impulses;

. Pig. 12-is a top plan.view of a relay stack of the
type: represented :schematically by Fig. 11, here
showing :the:location .of -a differentially wound
operating coil on one leg of the relay pole-piece
arms.

“The:general ~pr1n01p1es involved, and the meth-
od-of: operation:in magnetic contact counting re-
lays-for-impulse: counting and signaling are de~
scribed in ecopending -application of C. N. Hick-
man:Serial:No: 758;904,.and by reference thereto
the -disclosure and drawings of ;said application
are-hereby:incorporated into the specification of

. the-present-application. - In the stepping relays
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previously :disclosed; the :advanfage of magnetic
contacts, -which-provide a high contact pressure
for a relatively-low-operating current, were offset
to a:large degree by the disadvantage of residual
magnetism:andleakage flux which tended to hold
the-back:-contacts closed at -a time when they
should be -opening-for-the stepping operation.
Heretofore :the problem. has-heen to provide a
relay with:sufficient contact pressure between the
pole-pieces .and back contacts of the armature
to:satisfy the requirement of noise-free telephone
circuits,: and at: the -same time assure positive
stepping-operation of the relay on each energiz-
ing -cycle. .of: :the operating coil. One possible
solution. to -the -problem of residual magnetism
and-leakage flux is the substitution of non-mag-
netic discs for-the:magnetic back contacts as dis-
closed in-the -prior-art. However, this solution
limits the use of: the stepping relay to those appli-

_cations where back-contacts are not required in

the:circuit.

. In$he presentinvention the problems discussed
above -are solved: by the addition of an auxiliary
branch leg H.inig. .2, to-the armature lamina-
tions:in alternate:layers of the relay stack. Aux-
iliary branch-.I{ may-also be seen in Fig. 4, and
auxiliary branches (1,13 and 5:may be clearly
seen in: Flig..5. .Each .of.these auxiliary branches
carries a-magnetic- contact on the lower face of
its .forward extremity, . which engages a .corre-
sponding. magnetic contact-on the upper face of
the left-hand. pole-piece to which the auxiliary
leg is adjacent. .In the entire relay structure,
when .completely . .assembled, these auxiliary
branch legs may.normally be biased downwardly
by .the spring tension of the leg itself, although
such. spring .tension .is not.essential inasmuch as
an ample contact pressure may. be assured by.the
passage of magnetic_flux through this auxiliary
branch member and its associated magnetic con-.
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tacts with the adjacent magnetic pole-piece. By
reference to Fig. 5, it will be observed that the
main armature tongues in each layer of the relay
stacks, as represented by 1, 2, 3, 4, 5, and 6 in this
view, all carry magnetic contacts en the upper
faces of their forward extremities in a position
to engage corresponding magnebic contacts on
the lower faces of the pole-pieces adjacent to and
next ahove each of the main armature tongues.
However, these armature tongues differ from
those previcusly disclosed in that they are pro-
vided with non-magnetic spacers on the under-
faces of their forward extremities. These main
armature tongues are normally biased in a down-
ward direction so that even when the relay is
completely  deenergized, the non-magnetic
spacers are held against the pole-piece below
the armature tongue by means of the spring
tension in the tongue. The high reluctanze in-
troduced into the magnetic circuit between each

. of the main armature tongues and the magnetic
pole-piece immediately below by means of the
non-magnetic spacers eliminates the undesirable
effects of residual magnetism and leakage flux
as heretofore encountered. 'Thus the main arma-
tures are freed from the retarding magnetic in-
fluences formerly exerted through magnetic back
contacts and thereby are enabled to come up
quickly in succession in response to pulsations of
the operating coils.

As In previous magnetic stepping relays, suc-
cessive operation of the armature tongues is ag-
sured by non-magnetic insulating studs which are
interposed between armatures in adjacent layers
of the relay stack and by means of which all
armatures except one zre disabled from operat-
ing at any time, and operation of the one fres
armature lifts a restraining stud from the next
adjacent armature thereby enabling it to operate
on the next pulsing ¢ycle. Referring now to Figs.
1, 2,3, 4 and 5, the insulating studs may be seen
at 17, (8, 19, 20, 21 and 22. It will be seen that
insulating studs are provided for cach auxiliary
branch leg, as by 17, 19 and 21 in Fig. b, and that
these studs are separate from thoss provided for
the main grmature tongues as shown by i8, 20
and 22 in Fig. 5. The studs affixed to the auxil-
iary branch arms are somewhat shorter than the
corresponding portion of insulating studs which
are fixed to the main armatures. Alshough this
slight difference in length of studs is not clearly
abparent in Fig. b because the ends of each stud
are hidden from view behind magnetic contacts
ocn the armatures, the spacing referred to is
clearly fllustrated by Figs. 2 and 11 whersin the
studs are not drawn in their true linea! relation-
ship but are shown out from behind the conceal-
ing magnetic contacts. Thus it is that the stud {7
which is afiixed to auxiliary branch leg 11 in Fig. 5
hsas a gap between its-lower extremity and the up-
ver face of main armature 2, which gap msy be of
the order of ten one thousandths of an inch to
provide lest motion coupling hetwesn the adja-
cent main armature 2 and auxiliary armature (1.
Similarly the stud {8 which is affixed to auxiliary
branch leg {3 has a corresponding gap hetween
its lower extremity and the upper surface of mgin
armature 4, and in like manner stud 2{ affixed
to auxiliary branch leg {5 has a gap bebween its
lower end and the top face of main armature 6.
The gaps thus provided aid in opening the mag-
netic contacts of the auxiliary branch leg against
the forces of residual magnetism and leakage flux
through the auxiliary branch. The manner in
which these forces are overcome may be better
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understood from a detailed analysis of the opera-~
tion of this relay. :

Referring now to Fig. 5, we shall trace in detail
the process of operation involved in this relay.
If we start by energizing left coil LC it is apparent
that the first armature tongue i will be attracted
upward Into magnetic contact with upper left-
hand pole-piece 31. At the same time, auxiliary
branch leg 11 is held down by the magnetic at~
traction of left-hand pole-piece 23, and armature
2 is similarly held down by the combined forces
of its spring tension bias and the magnetic flux
flowing through left-hand pole-piece 35. The
third armature tongue 3 is also attracted by the
magnetic field of left-hand pole-piece 35 but this
armature is prevented from rising by the down-
ward force exerted from armature 2 through its
protruding insulating stud (8, the force between
armature 2 and pole-piece 35 being much greater
than the force exerted by pole 35 on armature
3 because of the difference in spacing. In like
manner, armature 5 is restrained from moving
upward by the downward force of insulating
stud 20 protruding from armature 4 Wwhich in
turn is held down by the magnetic pull of left-
hand pole piece 39. In this initial condition with
only the left coil L.C energized, all of the auxiliary
branch legs are held in magnetic contact with
their adjacent left-hand pole-pieces. Now if
the right coil RC is energized, all of the main
tongues except one will be attracted downwardly
50 that no movement oceurs. 'The first tongue 1
which is already up now experiences a, pull against
upper right-hand pole-piece 32 whereby arma-
ture I is held in its upward position. Now if left
coil L.C is deenergized, the second tongue 2 is no
longer held down by a magnetic pull from pole-
piece 35 but is instead attracted upward by the
magnetic pull of right-hand pole-piece 34. At
the same time, contact between auxiliary branch
leg i1 and pole-piece 33 is opened by action of
the insulated stud 1T which is struck by arma-
ture tongue 2 in its upward traverse. At this
time, armature tongue 4 is attracted upward
through the magnetic pull of right-hand pole-
piece 38 but is prevented from coming up hy
the restraining force of stud 20 affixed to arma-
ture tongue 3 which is held downward by the
greater magnetic pull of right-hand pole-piece
38. As we have seen before all main tongues
below are similarly restrained by the interposed
insulating studs. Now if the left coil LC is again
energized, all armature tongues which are up will
remain up, while all armatures which are down
remain down. If the right coil RC is now de-
energized, tongues | and 2 which are already
up will be held up by magnetic contact with pole-
pleces 31 and 33 respectively. Armature 3 hav-
ing been enabled to move by the previous lifting
of insulated stud i8 now comes up into contact
with pole-pieces 35 and 36, being held in this po-
sition by the magnetic attraction of pole-piece
38. The auxiliary branch {3 remains in intimate
magnetic contact with pole-piece 31, and a cir-
cuit is now closed between pole-pieces 35 and
31. As we have seen previously, none of the
remaining armature tongues comes up. How-
ever, when RC is once again energized and LC
subsequently deenergized, the fourth armature
tongue 4 will then rise under the magnetic attrac-
tion exerted by right-hand pole-piece 38, and
in coming up armature 4 strikes insulated stud
19 thereby opening the magnetic contact he-
tween auxiliary branch {3 and pole-piece 37. In
like manner, upon successive energization and
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deenergization of - the left.and right eoils alter-
nately, the remaining armature fongues in the
relay. stack will-step. up.successively. . Thus. it is
readily seen.that in.each complete pulsing .cycle,
one.circuit. between. adjacent pairs .of left-hand
pole-pieces. is-closed and. a_previous.such. eircuit
is.opened.. This stepping operation may be.con-
tinued for as.many impulses as there are pairs of
armature.tongues.in the relay.stack.

. In_referénce to Fig. 5 it _will be.observed that
although back magnetic contacts. have been.elim-

inated from the underside of the main armature

tongues,.the non-magnetic spacing. provided be-
{ween. -these .members..and.. the  pole-pieces. ad-
jacent to their underside is.much less than.the
normal _air-gap..-between .the .Upper magnetic
contacts of the armature tongues.and .the next
pole-pieces .adjacent above the armature. It is
by . means of these nmon-magnetic back spacers

. -that_the undesirable. effects. of residual.magne-

- tism and leakage flux, which in previous. relays
have. .occasioned . unreliable operation due. to
armatures sticking when fhey . .should . have
stepped, are eliminated in the present invention.
It will ‘be ohserved that in the idle relay condi-
tion as illustrated by -Fig. 5, armature . is.in
closer proximity to right-hand pele-piece 34 than
it is. to either of the upper pole-pieces 31 and
32. _ Tt will be apparent that if the right.coil RC
is first. energized, .armature 1 will -be. subjected

to .2 magnetic force .from upper .right-hand pole-.

piece. 32, but that due.to the greater air-gap
between -these two .members_as. compared with
the. spacing. between armature 1 and right-hand

pole-piece 34, the armature.will not-be attracted 3
upward but.instead will remain in. its lower po-.

sition held there under .the .combined influence
of . its .downward. spring tension .and the down-
ward magnetic force exerted by the attraction of
pole-piece 34. It is.only when the left. coil LC
is_energized and the right coil RC. deenergized,
that armature | yields to the upward attraction
of _magnetic. force from upper left-hand. pole-
piece 31 as was-seen.in the detailed analysis of

the relay . operation. .Similarly when only .left.

coil LC is energized, armature .1 now being up. in
intimate magnetic. contact with pole-piece. 3,
armature 2 is subjected to a slight lifting force
due to the magnetic attraction of left-hand pole-~
piece.33 but._this force is much less than the
downward- pull . of - left-hand _pole-piece 39, .80
that. armature 2.-remains . down until .the next
cycle of pulsing whereupon right coil RC is ener-
gized and. left coil LC deenergized at.which time
armafure 2 cemes up -under .the magnetic. in-
fluence. of upper -right-hand pole-piece-35.. In
like manner the.spacing and.spring tension:bias
of _all remaining armatures. is.such that they re-
main in. their downward position until_they-are
first enahled. to.come, up.by.the lifting.of -an. in-
sulated: restraining stud:and then.are brought
up .by .the magnetic attraction- of an opposite
upper pole-piece.... In the present invention there-
fore, not only are.the.undesirable effects .of re-

- sidual magnetism..and .leakage flux .eliminated.

from .the main. armature fongues. by means of
non-magnetic. back .spacers, .but the .contact to
he broken on each successive. stepping operation
has been transferred to an auxiliary arm wherein
positive contagct. closure is.assured through the
intimate adhesion of .magnetic contacts, yet the
positive. . interruption . of . this .contact is also
assured, when desired, through. the action of-the
next succeeding main armature on .an insulated
stud attached to_the.auxiliary arm. By means
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of:the slight gap provided between the auxiliary
arm’s. insulated stud and the next adjacent large
armature which operates upon it, the main arma-
ture on every.operation is allowed to .start its
upward traverse and. by means of this lost motion
coupling thus acauires sufficient kinetic energy to
always.insure opening the auxiliary contact upon
striking .the -insulated .stud.: ‘The undesirable
effects of residual magnetism. and leakage flux
in .the present invention are minimized in the
contacts to be broken by virtue of the thin mag-
netic member which .carries this contact, and
the resulting increase in reluctance through this
portion of .the magnetic circuit. The small size
of the auxiliary branch arm .also-reduces the
spring tension to_be overcome in- breaking this
magnetic caontact,. thereby further facilitating
the. positive . interruption of this circuit as the
relay . steps in response to- sequential impulses.
Ingsmuch-as the auxiliary branch arm may be
stamped from the lamination which carries the
main armature tongue.as illustrated by Fig. 2,
no-additional operation is required to form this
member. and no added cost is thereby incurred.
Although the guxiliary branch armature could
be formed of 4 separate piece of metal without
departing from the spirit or principle . of the
present invention, another advantage of the ar-
rangement illustrated by Fig. 2 is that internal
strapping between the make confact and the
break contact members is eliminated, thereby re-
ducing materially the cost of assembly and wir-
ing of such stepping relays.. Another advantage
afforded by the relay of the present invention is
that independent and isolated circuits may be
successfully controlled by the-device herein dis-
closed,. whereas all previously -disclosed magnetic
stepping. relays were limited to the operation of
connecting .any one of a given number of lines
to a.common line unless another pole-face piece
was .added for each pulse as in the Stibitz patent.
As was seen.in the detailed analysis of the relay
operation in reference to Fig. 5, a circuit is first
closed between pole-pieces 31 :and 32, then on
the next pulsing cycle this eircuit is -opened and
another circuit is closed between. pole-pieces 35
and 37. In like manner the next impulse cycle
opens the circuit -previously. completed between
pole-pieces. 35 and 37 and then closes another
circuibt between pole-pieces 39 and 41. Thus it
may be seen that a plurality of isclated circuits,
each separate and insulated from the other, may
he controlled by the stepping relay of the present
invention.

. Referring now to Fig. 6, we see a-schematic
circuit -diagram in.which the stepping relay of
the present invention is.connected in a manner
to recycle,-or.in other-words -continuously re-
spond to.sequential electrical impulses as received,
without limit to .the number: of such impulses
which may be received. -Here it will be observed
that the circuit for operating the left coil LC is
completed. through the last contacts in the relay
stack, 10, in such: manner -that when a series
of impulses has been received which operates all
of the armature tongues in sequence to-and in-
cluding .the last armature tongue, the automatic
opening of the confacts {0, in response to the
tenth .impulse received, : will cpen the battery
cireuit through left coil LC thereby allowing all
armatures of the relay-stack to fall off into their
normal position.as biased downward when the
both coils of the relay are deenergized. -This
then automatically resets the.relay; thus condi-
tioning it to start stepping.from the top all over
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again in response to the next or eleventh impulse
which may be received in sequence without in-
terruption. The recycling contact 10 may be
carried on one of the auxiliary branch arms, in
which case it is opened indirectly by operation
upon an insulated stud, or it may be of the type
illustrated in PFig. 6 which is opened directly
by movement of the magnetic armature tongue.
We will now trace the sequence of operation
--in the circuit of Fig. 6. Pulsing relay PR is
operated by electrical impulses received from
battery i4 in the circuit controlled by operator’s
dial 12, or this pulsing relay may be operated
by any sequential series of electrical impulses
as employed in telephone signaling. Operation
of the stepping relay is identical with that de-
seribed in reference to Fig. 5 until we come to
the last armature tongue 18. Here on the opera-
tion of pulsing relay PR for the ninth time, con-
tact T closes completing a circuit from battery
{6 through contacts 10 to energize the left ecoil
LC. Subsequently contact 8 opens, thereby de-
energizing coil RC and allowing the next to the
last tongue 9 to come up. A circuit is now closed
through the ninth pair of pole-pieces on the
left side, and all other such circuits are opened.
On the release of pulsing relay PR contact 8
closes, coil RC is energized, and contact 71 is
opened, thereby deenergizing left coil LC and
allowing the last armature tongue 16 to come
up. The auxiliary branch arm of the previous
tongue is opened by operation of armature I8
upon the insulated stud associated with this
- auxiliary branch, and circuit 9 between the left-
hand pole-pieces of the relay stack is thereby
opened. Contact 10 connected in series with
left coil LC is also opened by this operation.
Now upon operation of pulsing relay PR for the
tenth time, contact T closes but coil L.C cannot
now bhe energized since contact {0 is opened.
Then when contact 8 of pulsing relay PR subse-
quently opens right coil RC is deenergized, thus
creating a condition in which both operating
coils of the stepping relay are deenergized and
all of the armature tongues of the relay stack
fall off into their normally idle positions. But, in
returning to its normal downward biased posi-
‘tion the last armature again  closes contact 10
thereby energizing left coil LC through contact
T of the pulsing relay PR which is still operated.
This energization of coil LC now brings up the
first armature tongue and closes a eircuit be-
tween the first pair of left-hand pole-pieces, O.
The stepping relay has now started its second
cycle and succeeding armature tongues will re-
_spond to successive impulses as before. This re-
cycling feature is considered highly desirable in
many applications within the communication in-
-dustry. Of course, it is to be understood that this
recycling arrangement is not limited to a stepping
relay having ten external control circuits as
iilustrated in Fig. 6, but may be employed with
any size of stepping relay having either more
or less than ten control circuits.

Referring now to Fig. 7 we see a schematic cir-
cuit diagram of a complete selective sighaling
system employing two magneétic contact count-
ing relays of the type comprehended in the pres-
ent invention. A significant advantage which
this circuit. offers over all previous circuits for
digital signaling systems employing magnetic

- ~contact stepping relays is the elimination of the
“former requirement for-a slow release charac-
teristic in the digit counting relay. Experience
- has'indicated that because of the inherent fast
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10
operate characteristic of relays of this type it
is quite difficult to build a satisfactory magnetic
counting relay of sizeable proportions with an
adequate slow release feature.

In the circuit of Fig. 7 the slow release sleeve
formerly required on one operating coil of the
digit counting relay has been replaced by an
auxiliary armature tongue 50 which engages an
additional magnetic pole-piece 51 whenever the
Ieft coil LC of digit counting relay DCR is ener-
gized, thereby providing a positive means for
locking up this side of the relay during the in-
terval of pause between digits. The manner in
which this functions will be better understood
irom a study of the detailed circuit anglysis
following.

Another advantage which the arrangement of
Fig. 7 offers over all previous circuits for selec-
tive signaling by means of magnetic contact step-
ping relays is in the elimination of chains of
series contacts through the magnetic contact
members of the relays. As described in refer-
ence to Fig. 5, the auxiliary armature legs afford
2 means for controlling a plurality of separate
isolated and insulated circuits in succession with-
out the necessity of carrying the control ecir-
cuits through more than one pair of magnetic
contacts, as heretofore was required in all pre-
vious circuits. By thus reducing the number of
contacts in series, the relay device of the present
invention reduces the probability of circuit failure
due to noisy or open contact conditions develop-
ing between the magnetic contacts. Still another
improvement offered by the arrangement of Fig.
7 is & reduction in the over-all power drain re-
quired for operation of this selective signaling
system. The manner in which these advantages
are obtained will be more apparent from a de-
tailed analysis of the sequence of operation in-
volved when considered in reference to Fig. 7.

In general, the operation of this cireuit is simi-
lar to that of the circuit disclosed in the Hick-
man application previously referred to. In the
latter circuit, if the pulse counting relay is en-
ergized the correct number of times an alternate
path is established through the contacts of the
pulse counting relay and the digit counting relay
in such a manner that the left coil of the digit
counting relay holds up when the slow release
relay falls off during the brief pause at the end
of each digit. Since this holding circuit passes
through the contacts of the pulse counting re-
lay, it is necessary also to hold up one of the
coils, as shown, the right coil, of this pulse count-
ing relay. Then at the start of the next digit,
it is necessary to release the pulse counting re-
lay so that it may return to its initial idle posi-
tion, and this release is accomplished by momen-
tarily opening the holding circuit. Consequently,
the left coil of the digit counting relay in that
circuit is also opened, and the armatures which
have already counted digits will fall off unless
a slow release characteristic has been built into
this coil of the digit counting relay. Because of
the inherent fast operation of relays of this type,
it has been found difficult to design suitable relays
having a sufficient slow release holdup charac-
teristic. However, in the present invention, by
means of the arrangement illustrated in Fig, 7,
this problem is solved through the operation of
the auxiliary armature 58 in cooperation with
this contacting pole-piece 51. The sequence of
operation in the circuit of Fig. 7 when the pulsing
of & digit is completed and the slow release re-
lay SRR falls off is as follows: First, assuming
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-*that* the “correct -number -of impulses had-been
-regeived, the 1eft-¢coil LC-of -digit counting relay
~DER-will-be-energized through one pair-of con-
tacts on the digit countingrelay and-anoether pair
--of -contacts on’the-pulse: counting-relay. - Simul-
“taneously, ~the grmature 50 comes up into inti-
mate ‘maghneticcontact with -the -adjacent ‘pole-
‘piece-b{-to-provide an alternate path for current
“throtghleft coil-LC, thereby-locking up-the re-
“‘lay DCR.-Next the complete:release-of the slow
~release-Telay SRR opens“the ‘battery - circuit fo
~’the-operating+coil ‘of ' the:'pulse -counting relay
““PER;“thereby restoring that-relay to its normal
[dleposition. ~Since -the pulse counting relay is
thus restored to normal at the end of each digit,
there is no power drain holding up:this-relay
“during the-iriterval- between digits; and no' need
“~torréstore “this-relay -to+normal -at the start of
“#he nextsucceeding digit;as has heretofore been

“required.” " Thus-it-is‘clear-that with the circuit-

<ofFig. T'the'left coil of the ‘digit-counting relay
-can nowbe-deenergized-after ‘the right coil is
--energized- at“the-start--of ‘the-succeeding- digit,
-‘so’that -there-issno need for a-slow-release-fea-
“:fure=to-be*incorporated in’ the ieft coil: of this
‘relay. ‘“Sinceonly-the- coil on-the digit counting
~relay~is -here ‘energized-at the-end-of a correct
“digity-and there-is ‘no- energizing “of “the left coil
<-onthe-digit-cotinting -relay during-the pulsing of
- g*digit'as preéviously; the power drain required by
“~this* circuit -is «considerably- less than that-re-
qtitred by all-previous selective signaling systems
~employing’ magnstic --contact ~stepping - relays.
"“he addition ‘of tHe resistanicé RO in-series with
““the holding*circuit of digit-counting relay DCR
s operates to reduce ‘the current-‘through -the left
-eoil'LEto @minimum hold value, thereby further
I educmg the power-drain.

. For o better undérstanding- of *the -operation
of -the -selective- signaling - system ‘illustrated by
“Fig. 1, we Will-now trace thesequence-of ‘operation

-step-by-step. “Upon operation ‘of -the -operator’s
- dial69;, which:may beloéated at o, remote central
“-‘office; with the switchhook 58 closed as illustrated,
- g/~geries-of ‘eléctricalimpulses - ‘are transmitted
=from battery 60 through-loop 57 to-pulsing relay
““PR. When-the pulsing relay PR is energized by
“thetfirst-received- electrical impulse,-contact 61
- closes, contact 63 opens; and-contact 62 closes to
““complete @ c1rcu1t from-battery 66-through slow
~release relay SRR, Upon operationof SRR, con-
"‘-“—*tacti:»:sﬁ ‘eloses - thereupon ‘energizing the right-
‘’hand ¢oils of digit ecouniting reélay DCR -and:pulse
~eounting-relay - PCR, respectively. ~Now -in' re-
-sponse-to-the magnetic ‘attraction of:the upper
‘right-hand pole-pieces in' both ‘stepping relays,
“‘the first ‘tongue 67T of PCR and 68 of DCR come
up.”Contact 64 of slow:release relay SRR opens
“ibut no-action now-oeccurs-as the circuit through
‘-armature’ 50 and-pole-piece 61 of digit counting
“relay DCRis open. "Now at the end of the first
“impulse, pulsing relay PR is deenergized, contact
~62 opens-and deenergizes slow release relay SRR,
“but this-relay-does not open due to-its slow re-
“leasecharacteristic. “-Contact 63 closes thereby
“.energizing:left-coil- LC-of “pulse counting relay
‘PCR. "Contact- 61 -opens, thereby -deenergizing
right-coil‘RC*0f* pulse”counting relay PCR and
allowing"the: sécond armature tongue 69 of “the
“pulse-counting relay:to come up under the mag-
-neti¢ attraction of the left~hand pole-piece 70.

- At'the start'of the second impulse, pulsing relay
"PRyis'again-energized, contact 61 ggain’ closes to
~energize coil RC .of pulse counting relay PCR,

- ‘contact 63 now opens, thereby deenergizing coil

12

L -of pulsercounting:felay¥ PCR and bllowingtthe

“third armature- tongue--11:0f> PER “to-come: up.
“Contact 62-closes; completing ‘the operating ecir-
-cuit  through: slow-releasesfelay: SRR,-but mo:fur-
-‘ther-operation‘of this-relay now-occurs pecause

~ 8RR-had not previously -feleased -due. totitsislow

10~

-telease characteristic. ““When: the: pulsing-relay
- PR is -deenergized- at:the end of thesecondim-
pulse contact 62:opens thereby-deenergizingsslow
release:relay SRR ‘butyet this Felay:holds-upidue
‘to its slow relegse’characteristic;,-contact:¢3 closes
thereby energizing ¢oil-L.C-of ipulse- counrting:re-

14y PCR; and contact 61:-opens thereby deenergiz-
“ing¢oil- RCand allowing’ the fourth armature

“that forevery-¢omplete puls

~tongueé-13-of PCR-to-come up. F'Fhusiit:is seen
ceived by “this,

- sy§tem,two-armature-tongues-of-the pulsecount-

ing relay-come up. - On thelastimpulse received
in g train, the:interval-betweendigits:is<suffi-
~cient to allowithe: slow release relay SRR to:fall
“off, ‘and at:this:timethere:are:two:possible-oc-

- gurrerces, - depending:onwhéther:ithe: number

25

30-

~relay ‘SRR finally«releases, =

40 “thereby: completing: g circuit” from= battery::66

whlch was:dialed is correct or:not.

I an 1ncorrect numberhasbeen dialed;thefol-
lowing sequence.results. “When the slow:release
relay SRR finally falls off,‘contact:64. closesbut
coil LC.of digit'colinting relay:DTR:canmot there-
" by be-energized:since there is no:pathiestablished
‘through the:contaects o the: ‘pulse-counting velay
:and -the digit:counting relay.~:Contdct 65 opens

‘and deenergizes coils RC0f DER and I.¢:of PCR,

:thereby “allowing ‘allvarmature tonguésuof:both
- stepping relays>tosfall off.’ oThus’it isiseensthat
- reception ‘of an dincorrect digit:operates:toireset
- the:entire ‘selective signaling circuit-toiits normal
-idle condition.

‘If, however, the:correct: chglt has: been dialed,
:the following sequericeoceurs. 7aWhen slow release
ontacts!64: closes

<:through the:fourth armature:torigue:713- of:ipulse

~counting :relay: PCR whichithas closed a circuit
between left=hand:pole-pieces:iT4:and 15:0f°PCR,

sthence through. the first armaturestongue68:0f

_digitcounting relay:DCR which-has completed a

2:icircuit between:the right-hand-pole-piceéss16 and

2 1:0f DER, thence through:left ¢6il-1.C of DCR:to
ciground. Thus:LC is'energized; the first-armatire

© tongue 80l DCR:s held up, the:auziliary contact
-armature i50:icloses: contacty with:pole=piece (51
~thereby locking up-left :coil: LC of X DCR sand the

- second armature tongue:18: of DTR:is erabled:to

operate. . Contact!650f SRR opens, thereby-de-

- “energizing Coil§*RE-0of DCRand LC oL PCR; ‘thus

[
O

.+ allowing all"the armaturé-tongues® of ‘thepulse
- counting-relay to release‘and-at the samé’time
-bringing -up!'the second-armature-tongue 18 of

"'digit counting-relay DCR. " "Thus-it-is-seen-that a

6

O

-eorrect digit-brings up two armature tongues’of
“the digit counting relay-and= reselsthe - pulse
‘counting relay-to normal.

At the'start’ of*the’ next-train- of ~imipiilses,
‘representing ‘the second digit;ypulsing relay’ PR
is energized onthe'first impulse; contact 61 ¢lases,
“contact 63 ogens; ‘and contact 62 closes’ thereby
~energizing - slow release relay SRR.“Contact65
~'of SRR clases thereby energizing. the right-hahd
~¢oils*of ‘both DCR ‘and PCR* Whereupon the first
‘armature torigue 87 0f PCR comes up.... Contact
784 opens thereby deenergizing thé.left. 6oil. Le.of
“ldigit counting. Felay ‘DCR.- -whereupon. the: third
armature ‘tongue-19..of DCR.comes. up,.and. the
aux111ary armature.tongue -50: falls:off: disengag-

.- ing: contact with: -pole-piece 51. r The:eircuit:is

75

now in exactly the same condition as that fol-
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lowing the first impulse of the first séries except
for the fact that now the first three armature
tongues of digit counting relay DCR are up in-
stead of just the first tongue being up. Thus the
path necessary through digit counting relay DCR
has now been changed and the correct number of
pulses required for the second digit may be either
the same as or different from the number re-
quired for the first digit depending upon the
manner of interconnection between PCR and
DCR. 1If four correct digits are dialed in se-
quence, all eight armature tongues of the digit
counting relay will come up, and a circuit will be
closed between the fourth armature tongue 83
and left~hand pole-piece 81 whereby the signal
indicator 82 will be operated. The signal may
then be interrupted by the subscriber’s operation
of switchhook 83. The operation of this switch-
hook can also be used to clear the entire system.
If the signal is not answered, the entire system
may be restored to normal by the transmission
of a single clearing pulse from the Central Office.

Referring now to Fig. 8 we see still another
circuit employing a magnetic contact stepping
relay of the type comprehended in the present
invention. The subject matter of Fig. § is shown
and claimed in divisional Patent 2,561,730. This
circuit differs from all previous pulse counting
circuits employing magnetic stepping relays in
that the counting relay of Fig. 8 requires only ons
main armature tongue for each complete pulse
to be counted. That is to say, the ten armature
tongues in the relay stack of Fig. 8 will count
ten impulses, one tongue responding to each im-
pulse as received, whereas as we have seen in the
circuits of Figs. 6 and 7, all previous arrange-
ments of magnetic stepping relays have required
the operation of two armature tongues for each
complete pulse. An obhvious advantage of the ar-
rangement of Fig. 8 is the reduction of one-half
of the number of armature tongues regquired to
count any given number of impulses. A fur-
ther advantage is that by operating only one
tongue per impulse, the circuit of Fig. 8 may
inherently require less time per pulse for count-
ing, thus it is apparent that with the arrange-
ment disclosed in Fig. § not only may the size
and cost of a magnetic contact stepping relay be
reduced but also the speed of operation may be
increased. - .

In Fig, 8, as in Fig. 7, the insulated studs which
extend between armature tongues in adjacent
layers of the relay stack have been omitted from
the drawings for the sake of clarity and to avoid
confusion in tracing the schematic circuit. How-~
ever, it is to be understood that insulating studs
of the type disclosed in Figs. 1, 2, 3, 4, 5 and
6 are also incorporated in the magnetic stepping
relay of Fig. 8. It is also to be understood that
the left and right operating coils, designated

schematically as LC and RC respectively in Fig.

8, are wound around the laminated pole-pieces
of the left- -and right-hand sides of the relay
stack respectively, in s manner similar to the
arrangement disclosed by the structure of Figs. 1
and 4. The stepping relay structure of Fig. 8
differs from those previously disclosed in that
it includes an auxiliary armature tongue 111 inter-
posed between an auxiliary right-hand pole-piece
i{2 and left-hand pole-piece 113. This auxil-
iary armature and its associated pole-pieces may
be placed either at the bottom of the stepping
relay stack as illustrated in Fig. 8, or it may be
placed at the top of said stack, or it may be

situated anywhere ,else”v in the steppinig relay:
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structure, provided only that it must not inter~
fere with the stepping operation of the relay.
The function of this auxiliary armature tongue
{11 is to indicate at all times which of the two
operating coils, LC and RC, was the first to he
energized whenever both are operating. By ref-
erence to Fig. 8, it ‘will be seen that if the left
coil LC is first energized, the auxiliary armature
tongue i1f will be moved down into conductive
engagement with left-hand pole-piece i13, there-
by closing contact 91. If the right coil RC is
next energized, tongue 111 will not move since
the magnetic force due to the closed contact 91
is much greater than the magnetic force through
the open contact 82. However, if the left coil
LC is then deenergized, armature tongue 1{f
will come up into intimate contact with right-
hand pole-piece (12 thereby closing contact 42.
In this situation if the left coil LC is then re-
energized, the armature tongue {11 will not again
move until such time as right coil RC is deener~
gized. Thus it is seen that armature { il always
indicates which of the two coils L.C and RC was
thie first to be energized. By means of the two
contacts 8! and $2 associated with the auxiliary
armature {{{, the two pulsing relays PR{ and
PR2 are alternately operated on each successive
impulse. When starting from idle condition, op-
eration of the correct pulsing relay initially is
assured by providing armature (#f with a slight
pretension in one direction, in the circuit illus-
trated by Fig. 8 this pretension being downward-
1y, to insure that contact 91 is always closed when
the circuit is idle. ‘

The detailed operation of the circuit of Fig. 8
will now be traced through a step-by-step analy-
sis. The circuit is first conditioned for opera-
tion by closing a switch 89 which completes a
cireuit through coils LC and RC and the battery
90. Armature tongue Il remains in intimate
contact with left-hand pole-piece ({3 toward
which it was initially biased by spring tension.
Now if the operator’s dial 88, which may be lo-
cated at a remote office is operated, a circuit will
be closed through the dial at the start of the frst
dial pulse, and pulsing relay PRi will now be
energized through contact 891. Upon operation
of PRI contact 93 first opens, then contact 95
closes to lock up PRI{ to battery 98, and then
contact 97 opens, thereby deenergizing coil LC,
which in turn causes armature 101 to be at-
tracted upwardly into intimate contact with the
upper right-hand pole-piece. With LC now de-~
energized, auxiliary armature tongue iii is at-
tracted upwardly into intimate contact with right-
hand pole-piece {12 thereby closing contact 82.
However, this cpening of contact 81 has no effect
on pulsing relay PR{ which as we have just seen
has already locked up through contact 85. At
this instant, the closing of contact 82 has no ef-
fect on pulsing relay PR2 since contact 83 of
PRI is open, thereby introducing a discontinuity
in the circuit through the operating coil of PR2.
- Now, at the end of the first dial pulse, the cir-
cuit through dial 88 will open, whereupon pulsing
relay PRI is deenergized, contact 97 closes and
energizes coil LC, contact 95 opens, and contact
83 closes, but pulsing relay PR2 cannot yet oper-
ate because the dial contact 88 is still open.
The energizing of LC at this moment has no ef-

- fect on the auxiliary armature tongue 111 since

15

RC is still energized. However, with the start
of the second dial pulse, o circuit is closed
through the dial contacts at 88 whereupon puls-~
ing relay PR2 is operated through contact 82.-
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Upon operation of PR2: contact 94 opens, Con-
tact 96 closes thereby locking up PR2, and con-
tact 98 opens to deenergize coil RC.. Upon deen-
ergization of coil RC' the_ auxiliary armature

tongue I1f comes down infto engagement with

the left-hand pole-piece 113 to close.contact 91
and the armature 102 is attracted upwardly into
intimate contact with the left-hand pole-piece.
Contact 92 is thereby opened: but this hag no
effect on pulsing relay PR2 since, as we have:seen
above, this relay has already locked up through
its contact 96. 'The closing of contact 91-at this
moment has no effect on the operation of pulsing
relay PRI, since contact. 54 of PR2 is now open
thus introducing: a discontinuity in: the circuit;of
the operating coil of PRI. As.we have seen above,
at the end of this dial pulse the circuit. through
dial 88 is momentarily opened.whereupon pulsing
relay PR2 is deenergized, confact 98- closes and
energizes coil RC, contact 96 opens, and contact
84 closes but cannot operate pulsing: relay PRt
because. at this. moment. the; dial: contact 88-is
open, Similarly, at this instant the energizing

<

10

20

of coil RC has no effect on the guxiliary armature

111 since. coil I.C is still energized and armature
t11 is thereby held in intimate magnetic contact
with “left-hand pole-piece- 113;- We: have: now
completed one cycle. of two dial pulses, angd-at
this time the first two armature tongues: {81-and
102 are up and a circuit-is completed from battery
99-through armature:-tongue: 162" and-lamp 202 to
ground, thereby indicating that two:-pulses have
been received and counted: On-receptiom of ‘sue-
cessive impulses the same sequence of-operation
will follow. Thls sequence may be tabulated as
follows

oo | el | RightCon | T pne
Step - - Le) - | - (RO Pulge; ..
_| ehergized:.:|- eneﬂued | start: (SW 89 closed)
-| deenergized-{: : st pulse-dial :contact
closed,
energized:_: . 1st pulgz-dlal- contact
4l . <eeo-do_ .| déenergized |.2nd pul o-di
T SRS U S 40 ...| energized. .. ;2nd pulse dlal contact
g i opened P,

ThlS sequence results in: only one; armature,
tongue. of the-counting.relay. coming. up-for each
complete pulse, thereby. reducing the numbex .of
tongues-necessary- to- count - a: given. number. .of
bulses, and at the same time increasing the speed
at which such pulses.may. be.counted. This..ar-
rahgement may be of. considerable. advantage‘ in:
applications where large numbers. of pulses must
be counted or where the saving in.space and, cost
of the smaller sized counting.relay..may. more.
than offset the addition of 2 second pulsing: relay.
Referring to Fig. 8, the. dark.magnetic contacts
represent. magnetic contacts covered: by a.‘thin
insulating matenal for the pur pose of c;lrouxt iso~
lation. . )

‘Referring. now to Figs.-9- and 10k we, see an
-alternative arrangement.of the operatmg .coils.for.
a magnetic contact counting. relay of:the tyne.
comprehended in the present invention.. Tt.may.
be seen.from the plan view.of Fig. 10, that a.coil,
here. designated CC, is placed around. tle arma-
ture.tongue in lieu.of a rlght -hand. operatmg coil.
as shown in Fig. 4, The left-hand operating coil.
LC remaing unchanged inthis arrangement ‘The
advantage of this arrangement is that it ensbles
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the stepping relay to be: gperafed. directly. from.

dial: pulses without.the-need. for an. mtervemng
pulsing relay as heretofore Tequired in -all pulse

16 .

counting circuits employing: magnetic. contact
stepping relays. The simplicity of’ thls operating
circuit_ is shown.by the schematic drawing of
Flg 9. Upon .closing switch; 120 the left coil LC
is energized by current ﬁowmg from battery 121;

and this coil remains so energlzed throughout the
entue pulsing penod The center coil’ CC is in-
termittently energized as the operator s d1a1 122
alternately" closes -and: .opens 4 circuit through
this coil and battery (21, . The current direction
through both coﬂs 1s such that the magnetm flux,

the dlal contacts l22 are open only the left coil
LC is energized, but. when-the. dial contacts are
olosed, both the left co11 and the-cpnter 0011 arg

vhe .f,ormer ﬁux re,turns. along the _rlght:lcg ,of, _t,he
magnetic relay structure, Thus the resulting-flux
throughout the structure under th1 ond1t1on is
the same as if the left: c011 were deenergrzed and
the relay structure were provided with g right coil
which was ener; gized. as shown by Fig. 4. Thus it
may-be seen that the overlapping effect of con-
tinuity in sequential energization of the two, coils;
as provided by the continuity transfer pulse.relay
in the circuits of Figs. 6, T-and 8 ig automatically
performed by the arrangement of operating: coils
fllustrated in Figs. 9 and 10, since.in:this circuit
one coil is always energlzed A: comparison be-
tvvcen tne operatlng sequences of the previouscir-
cuif and the circuit of Fig: 9 may be; tabulated_a_s
follows:

' Ourcultof F.lg':Q !

Dial. Contacts .{ Previous Circuits,

: - Pulsmg Relay and RO

closed_ ............ Left Coll and Center
energized. ‘Coilenérgized:
OpBf. ool Left Coil energized-. .| Left Coilenergized..
The advantages of this simplified-cireuit of Fig:

9 are that a continuity transfer pulsing: relay. is
not: required, thus saving the space:formerly re-
quired for thisrelay:and:also.reducing -the cost-of
thie:apparatus. -Also, the circuit:may count:.pulses
more rapidly than previous arrangements,-since
only ene coilmust be operated. Furthermore; the
operation of:the circuit of Fig. 2-is: more-reliable;
than:the: previous circuit since: the back contact:
of the pulsing relays, which may have a tendeney:
to.chatter, are hereby-eliminated.

Referring. now. to Figs.. 11 and.12: we see:an
alternative. arrangement. of: the: relay: strueture
and circuit Figs. 9'and 10 -wherein no.center:coil
is. provided: around the: armature:tongue-and: in
lieu:thereof o differentislly -wound: right .coil-is
placed around the.right-hand: pole-piece mem-
ber.... The.principle of operation-invelved: in.the
circuit-off Fig.:11 is essentially-the. same as that:
of: Fig:.9; butb: only the means: employed: to ac=
complish this:end: are. modified, . It-will’ be:seen:
that. when:switch 25 is ‘closed; one-half of-the.
rightzcoil 128:is continuously energized by -current:
flowing from battery 125. - The other: half of: this.
right coil 127 and:left coil- LG:is: intermittently:
energized by mterruptron of the dial: contgcts
upon operation: of -dial-:129.- Since the current
flows-through coﬂs 127 and. 128:in oppos1te di
tions-the magnetic field, of: these. coils neutralize.
each other- whenever. “both. .coils. are energized.
Thus it will be seen that -‘when: the .dial- contacts
of- 129-are. closed. current. will ﬁow through left:
coil, LC -thereby. setting..up .a -magnetic .flux,
through the.pole-piece. members on. the:left. 51de}

- of.the relay structure -Under this-condition: cur-

75

rent will also ﬁow through coil 127 of RC, but
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since current is already flowing through coil {28
of RC and the two coils are differentially wound,
the magnetic fields oppose each other and no
flux will flow through the right-hand pole-piece
members. However, when the contacts of dial
129 are opened no current will flow through LC
or through 27 of RC, so that the magnetic field
created by current flowing through coil 128 of
RC is unopposed under this condition and there-
fore magnetic flux will flow through the right-
hand members of the relay structure. It is ap-
parent then that the sequence of operations for
the circuit of Fig. 11 is the same as that previous-
ly examined in reference to Fig. 9.

It is to be understood that the scope of the.

present invention is not limited to the particular
arrangement illustrated by the accompanying
drawings, but that numerous modifications may
be made, both in the design of the relay struc-
ture and in the arrangement of the operating
circuit, without departing from the spirit of the
present invention as defined by the specification
and the appended claims.

What is claimed is:

1. A relay comprising two groups of fixed lami-
nations of magnetic material, prineipal spring
tongues of magnetic material attractable into
conductive engagement with fixed laminations in
both groups, subordinate spring tongues attract-
able into conductive engagement with the fixed
laminations of one group, laminations of insulat-
ing material interposed between said fixed lami-
nations and said spring tongues, energizing coils
surrounding said groups of laminations respec-
tively, and lost motion mechanical coupling
means interposed between said principal spring
tongues and said subordinate spring tongues
whereby upon alternate energization and deener-
gization of said coils respectively, said principal
tongues are sequentially attracted into conduc-
tive engagement with adjacent fixed laminations,
and said subordinate tongues are sequentially
disengaged from adjacent fixed laminations by
said mechanical coupling means of both groups
and said subordinate tongues are sequentially
disengaged from adjacent laminations of one
group by operation of said lost motion coupling
means.

2. A relay comprising two stacks of rigid lami-
nations of magnetic material, a first set of fex-
ible spring tongues of magnetic material inter-
posed between adjacent layers of said rigid lami-
nations and separated therefrom by laminations
of insulating material, a second set of flexible
spring tongues each in the plane of one tongue
of said first set, mechanieal coupling means in-
terpesed between flexible spring tongues of said
first set whereby said springs are normally re-
strained from conductive engagement with adja-
cent rigid laminations of both stacks, further
mechanical means including lost motion links be-
tweén tongues of said first and second sets in
adjacent layers, energizing coils surrounding each
stack of said rigid laminations whereby upon
energization and deenergization of said coils
alternately said first set of springs are sequen-
tially attracted into conductive engagement with
adjacent rigid laminations, and said second set
of springs are sequentially disengaged by opera-
tion of said lost motion links from contact with
adjacent rigid laminations.

3. In a relay structure two adjacent stacks
of fixed laminations of magnetic material, lami-
nations of both stacks insulated from each other
and from laminations of said adjacent stack by
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layers of insulating material interposed between
the laminations of said stacks, a plurality of
primary and secondary spring tongues of mag-
netic material in adjoining layers interposed be-
tween adjacent layers of said insulating material
in proximity to said fixed laminations, mechani-
cal coupling studs interposed between primary
spring tongues in adjoining layers whereby said
primary tongues are normally restrained from
conductive engagement with adjacent fixed
laminations of both stacks, further mechanical
studs interposed between primary spring tongues
of alternate layers and secondary spring tongues
of an adjoining layer in a manner to include an
air-gap between said further studs and said
spring tongues of an adjoining layer, magnetic
contacts on one side of sald primary spring
tongues adjacent to and in substantial alisnment
with corresponding magnetic contacts on facing
sides of adjacent fixed laminations in both
groups, non-magnetic spacers on the opposite
side of said primary spring tongues from said
magnetic contacts, further magnetic contacts on
each of said secondary spring tongues normally
in conductive engagement with a like magnetic
contact on an adjacent fixed lamination, and
energizing coils surrounding each of said stacks
cf fixed laminations whereby, upon sequential
energization and deenergization of said coils re-
spectively, said primary spring tongues are se-
auentially attracted into conductive engagement
with adjacent fixed laminations of both groups
and said secondary spring tongues are successive-
ly disengaged from contact with adjacent fixed
laminations by said further mechanical studs.

4. An impulse counting system comprising in
combingtion a continuity transfer relay, a source
0f electrical energy, and a magnetic contact
counting relay comprising two adjoining stacks
of fixed laminations of magnetic material, lami-
nations of insulating material interposed between
adjacent laminations of said magnetic material,
a plurality of primary and secondary armatures
of magnetic material interposed between adjacent

i -layers of said stacked fixed laminations and in-

sulated therefrom, a tertiary armature of mag-
netic material, mechanical coupling means in-
terposed between adjacent armatures, energiz-
ing coils surrounding each of said stacks of fixed

:~laminations, one of said coils connected to said

energy source through one contact of said con-
tinuity transfer relay, the other of said coils con~
nected to said energy source through said ter-
tiary armature and another contact of said con-

‘tinuity transfer relay whereby upon successive

operation of sald continuity transfer relay po-
tential is applied from said source of electrical
energy to alternately energize and deenergize
said coils and successively establish contact be-
tween said primary armatures and adjacent fixed
laminations.

5. A magnetic contact counting relay compris-
ing a plurality of rigid laminations of magnetic
material arranged in two adjacent stacks, lami-
nations of each stack insulated from the opposite
stack, each stack comprising layers of magnetic
members having alternate long and short pole~
pieces in alternate layers, the long pole-pieces in
alternate layers of each stack abutting opposite

:short pole-pieces in alternate layers of the other

stack in a manner to provide substantially uni-
form air gaps between opposing pole-pieces of
the two stacks, insulation between adjacent lam-
inations, further laminations of magnetic mate-
rial in the form of flexible spring tongues inter-
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posed between adjacent layers of said rigid lami-
nations and isolated therefrom by said insulation,
one of each such: further laminations interleaved
between each two adjacent layers of said rigid
laminations, each of said further laminations
comprising a main spring tongue, alternate lay-
ers-of said further laminations comprising a nar-
row auxiliary spring -tongue in addition to said
main spring tongue, magnetic contact surfaces
on the upper face of each of said main spring
tongues and non-magnetic spacers on the op-
posite face of each of said tongues, further mag-
netic contact surfaces on.the lower face of each
of -said auxiliary spring tongues, magnetic con-
tact surfaces on the faces of said magnetic pole-
pieces aligned with and adjacent to said contact
surfaces on said tongues, said spring tonguss be-
ing normally biased downwardly into engagement
withr the pole-pieces of the next adjacent layer
of said-rigid lTaminations, an insulated stud as-
sociated with each of said auxiliary spring
tongues and adapted to be engaged by the main
tongue lamination of the next adjacent layer

below said auxiliary tongue when said next ad-

jacent main spring tongue moves into operated
position, further insulated studs associated with
said main spring tongues in each layer in a man-
ner to bear upon and restrain all main tongues
below said layer into their normally downward
biased positions, and a pair of operating coils,
one ¢of said coils wound around each of said
stacks of rigid laminations, whereby upon alter-
nate energization and deenergization of said coils
said spring tongues are sequentially moved one
at a time into conductive engagement with the
next adjacent pair of magnetic pole-pieces, and
said auxiliary spring tongues are successively dis-
engaged one at a time from their conductive
contacts: '

6. A magnetic contact counting relay accord-
ing to claim 5 comprising an additional arma-
ture operable only upon operation of the last se-
quentially operated spring tongues of said relay
to open circuils of both operating coils and con-
dition said relay for recycling.

7. A magnetic contact counting relay accord-
ing to claim 5 in combination with a continuity
transfer relay, a source of electrical potential,
and means for generating a series of electrical
impulses sequentially.

8. A magnetic contact counting relay accord-

‘ing to claim 5 in combination with means for
generating sequential electrical impulses, and re-
cycling means comprising an additional auxiliary
armature tongue operable at the end of each
counting cycle to restore said counting relay to
normal.

9. In a magnetic contact counting relay ac-
cording to claim 5 an armature lamination com-
prising a plurality of magnetic armatures each
bearing magnetic contacts at their outer extrem-
ities.

10. In a relay structure two groups of fixed
laminations of magnetic material, g first set of
magnetic armatures attractable into conductive
engagement with laminations of both groups but
normally disengaged therefrom, a second set of
magnetic armatures each of which is normally
in conductive engagement with a fixed lamina-

5

30

40

45

50

65

60

66

tion of one group, energizing coils surrounding 70

each of said groups of laminations respectively
for attraeting successive armatures of said first
set: into conductive engagement with adjacent
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laminations of both groups upon alternate en-.
ergization of said coils, mechanical coupling
means between armatures of said first set where-
by all but one of said armatures are normally
restrained from heing attracted into conductive
engagement with fixed laminations of both
groups upon energization of said coils, further
mechanical means including a lost motion cou-
pling between armatures of said first and second
sets for disengaging said second armatures from
said laminations successively as adjoining arma-
tures of said first set are sequentially attracted
into operative engagement. )

11. An impulse counting relay comprising a
plurality of layers of magnetic laminations in ad-
jacent stacks, each of said laminations insulated
from the others and each bearing an electricaily
conduetive magnetic surface on one face there-
of, a plurality of layers of magnetic spring arma-
tures interposed between layers of said magnetic
laminations and insulated therefrom and from.
each other, alternate layers of armatures com-
prising a main armature and an auxiliary arma-
ture, said main armatures having electrically
conductive magnetic surfaces on one face there-
of and a non-magnetic surface on the opposite
face thereof, electrically conductive magnetic
surfaces on one face of said auxiliary armatures,
energizing coils surrounding each stack of mag-
netic laminations, mechanical coupling means
extending between main armatures in adjoining
layers, means including said mechanical coupling
normally holding the electrically conductive
magnetic surfaces of said main armatures dis-

5 engaged from. adjacent conduetive surfaces of

said magnetic laminations, means normally hold-
ing the electrically conductive surfaces of said
auxiliary armatures in conductive engagement
with corresponding surfaces of adjacent mag-
netic laminations, and further mechanical means
including lost motion coupling between said main
armatures and auxiliary armatures in adjoining
layers whereby upon alternate energization and
deenergization of said coils said main armatures
are sequentially attracted into conductive en-
gagement with adjacent magnetic laminations
and said auxiliary armatures are successively dis-
engaged from electrical contact with said lami-
nations. ,
THOMAS P. PARKAS.
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