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PATENT OFFICE

ELECTROMAGNETIC COUNTING DEVICE

~John 1. Bellamy, Brookfield, Ill., assignor to Kel-
logg Switchboard and Supply Company, Chi-
-cago, Ill,, a corporation of Illinois

| Applica.tien February 15, 1946, Serial No. 647,896

| , 2 Claims.

- This imrenticn relates to eiectremagnetic'
- counting devices.  Its object is to provide an
improved form’ of - electremagnetic device for
counting 'a received series of electrical impulses
- and for controlling contact sets in accordance
-_-with ‘the number of impulses therein.
- This invention is In the nature of a furthei
-'-_.imprevement on the devices disclosed in my co-
'pending applications for: Electrcmagnetic Count-
| ing Devices, Serial No. 493,312, filed July 2, 1943.
now Patent No. 2,441, 001 and Ser1a1 NoO. 612 689,
| "_.ﬂled August 25, 1945, .-
- The present inventien is embedled in an elec-
.-;trcmagnetic counting device of the operational
~type -disclosed in my" -above-noted application
 Serial No. 612, 639 wherem ‘a‘common electro-
‘magnetic structure is pre*v.rded with a series of
‘interlinked 'armatures comprising - ‘pairs corre-
~sponding respectively to- impulses of a received
‘'series. The first armature of any such pair op-

-erates at the beginning of its corresponding im-

(Cl.

b

17 -—337)
portien of the magnetomotive force is dissipated
by leakage flux.

Further advantageous features 1nclude the in-

termediate pivoting of the armatures to enable
a -desired ratio of armature travel to contact-

~ spring travel to be selected, and include the pro-
~ vision of an economical arrangement for main-

taining the armatures in position aleng a com-

" mon pivot rod and for prcwdmg them with a
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‘magnetic return path of relatively low reluc-

tance.
- Other objects and features Wlll appear upon
a further perusal of the specification. |

The accompanying drawings show a preferred
s1mple .embodiment of g counting device con- .

structed aceerdlng to the principles of the in-
- vention, together with a desir able mcdiﬂcaticn

20

pulse while the second- armature of the pair op-

erates at the termination of the impulse. The
two armatures of any such pair are opposedly ten-
“sioned . pursuant to their intended successwe

o counting movements. -
“A Teature of the countmg device herein dis- |

-closed is that each armature thereof lies normally
-in the same general plane, out of which it moves
edgewise to execute its counting operation, and
‘that the armatures are so interlocked mechani-

cally that no one of them can execute its count-

- ing movement until its. immediately precedmg
;_i.armature has done so. -

¢ A further feature is that the ﬂrst or work

armature of any pair lies entirely on one side

~ of the actuating pole structure so as to be in-
fluenced magnetically only in its desired operat-

;ef a portion thereof.

Figures 1 to 3 show respectlvely a 1eft-s1de
view, a top view, and a front view of the pre-
ferred simple embodiment of the device.

Figure 4 is a left-side view of one of the work

‘armatures 8 of the deévice of Figs. 110 3.

25
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Figure 5is a smnlar v1ew of one of the sequence
armatures i3,

Figure 6 is an enlarged ‘sectional view, tal:en

- generally along the line 6—8 of Fig. 1.

- Pigure 7 is an enlarged: fragmentary sectional
view of the device taken generally aleng the line

1—1 of Fig. 6.

Figures 7A and 7B are an edge view and a full
view respectively of a modified form for the

inter-armature spacing washers 29 of Figs 1 to 1.

35

ing direction, while the second, or sequence, ar-

“mature of any such pair includes two portions
‘lying on opposite sides of the common pole struc-
‘ture, whereby any such armature is readily urged
1in one direction by any impulse arriving before
“its counting operation occurs, andis urged in
- the opposite direction by any impulse. arrivmg

- .subsequent to its counting operation.

A further feature of the disclosed counting
| -device is that the several stackups of contact
“blades carried thereby are rendered more com-
pact laterally by arranging them in s staggered
- formation, whereby the width of ‘the structure
“is substantially halved. Besides reducing the
‘overall space required, the feature in question
‘results in a more compact magnetic structure,
which ha.s the advantage that & smaller pro-

40
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Constructmn

‘The ccnstructmn of the preferred snnple em-
bodiment will now be described with reference
to the prinecipal views of Figs. 1 tc 3, and tne aux-
iliary views of Pigs. 4 to 7.

The device includes an L-shaped heel »nlate 2
and a pair of electromagnets 3, attached there-
to by rear screws 5, and having terminal mem-
bers 41. L-shaped pole piece 6 is attached io the

forward extension of cores 4 by front screws 1.

Conftact blades 38 with their respective ter-

‘minal portions 39, are supported in insulation

- for each received impulse of a series.

Y |

block 3% mounted at the rear of the device.
Contact blades 38 comprise ten groups, or stack-
ups S{ to SI10. In the operation of the device,
these stackups are actuated successively, one
As seen
best in Fig. 1, each such stackup includes three
contact blades comprising what is known as a
break-make combination.. It is the function of
‘the work armatures of the device to actuate the




stackupe S to SIig successively as the impulees -'

- of a series are received and counted.
" The armatures of the device comprise ten pairs,
each pair comprising a work armature 8 and a

sequence armature 13. The armatures are pivoted
- about a common pivot rod 24.

‘Pivot bracket 28, secured to heel plate 2 as by

screws 26 (Figs. 1 and 6), has a pair of up-

turned end portions 27 for support.ing pivot rod
10
Portions 271

24. Additionally, it has g series of uniformly
spaced upturned guide portions 28. Porti
and 28 of bracket 28 serve to position the ar-
matures in pairs uniformly along pivot rod 24,

9,638,816

4

the side tab 12 of any armature S, exeept the'

- first, overhangs the immediately preceding 58«

R

and to provide low-reluctance return paths to

heel plate 2, the pivot bracket being comt.ructed

' . of magnetic material.

As seen best in Fig. 17, thearmatureslandll

15

- of any pair are maint.eined slightly separated

by an intervening spacing washer 28, any such

washer serving to maintain each of its associ-

ated armatures in fairly close relationship to
its a.asocieted return member, 27 or 28.

| As an alternative arrangement, the rigid

washers 29 can be replaced by spring washers

28’ of Figs. 7A and 7TB. Washers 29’ are prefer-

ably of eomparatlvely thin spring material, and.

are formed as shown in profile view in Plg. TA

80 a8 to urge each armature lightly in a lateral

direction into intimate engagement with its as-
sociated magnetic return member.
It will be observed that the several ermatures

8 and 18 are generally uniformly spaced at the

of any pair are laterally offset toward each other

~ front and at the rear, but that the two armatures

in the intermediate zone including pivot bracket 36

25.. This offset arrangement permits.
bracket 28 to be formed of comparatively sturdy

stock and still have upstanding parts 28 formed

integrally therewith as by a simple punchins and
forming operation.”

~ tion by thelr respective spring blades 4§, as may

be seen best in Figs. 1 and 6. Each spring blade
48 1s bifurcate at the front end to receive the
~ rear end of the concerned sequence armature 3.
By this expedient, the armatures are not required :'
to fit shugly around pivot rod 24.. ‘Similarly, im-
pulse armatures 8 are maintained in aligned

position by their respective bifurcate spring
blades 41.

pivot

49

‘armature (3 overhangs the horizontal portion
of pole piece § in the assembled position of the

quenrce armature {3, whereby any work armature -
8, except the first, cannot move downwardly from
normal position into operated position until its
immediately preceding sequence arma.ture ll has
done s0. |

Referring now pert.icularly to l"ic 5, each
sequence armature (3 has a pivot opening 18
through its intermediate offset portion 14, and
is provided at the rear with a notch (6§ within
which the bifurcate portion of its assoclated
actuating spring 4% terminates. Springs 4% are

tensioned upwardly comparatively lightly, but

with sufficient force that any one of them suffices

‘to bring its associated sequence armature into
operated position as soon as it is permitted to

do so. -
The principal forward portion of any sequence

device.

- AS illustreted each sequence armature

13 has a lower portion 18 which underlies the

horizontal portion of pole piece 8.

A so-called residual plate 18, eompoeed of non- -

magnetic material is fixed to the right side of

the front portion of each sequence armature 13,

as by spot welding at points X. Holes 20 in
parts (3 and {9 maybeusedtoalia'nthe parts -
for accurate assembly.

Plate 19 is of bimreete eonstmctlon eon!orm-
ing generally to the shape of the front portion |

‘of the armature {3 to which it is attached, but
the opening between the arms of part 10 is less

than the opening between the arms of armature
I3, whereby armature (3 is maintained out of
contectwithpolepiecetbyepredetermined |
disteneeinitsmrmalposiﬁon,nndbyapre-*

determined distance In the operated position

| 40 thereof, whereby the flux dra.in is eonsiderably
The several sequence armatures I3 are fur-

" ‘ther maintained in their illustrated aligned posi-

reduced. |

Residual plete T extendu uomewhat above the |
top line of the sequence armature 13 to which
it is attached. During thé counting operation,
this arrangement keeps the overhanging tab i2

of the next succeeding work armature § out of
intimate magnetic contact therewith to avoid

" inter-armature “sticking.” The upper front por-

' tion of each part 19 has s side tab 22 extending

50

In Fig. 6, it will be observed that spring blades |

48 are in the nature of comb teeth formed in-
tegrally with their conrmon back portion 32, and

that springs 41 are similarly formed as the teeth
- of a comb having back portion 34.

It will be observed that screws 37 retain an
assembly at the rear qf the device which includes

base plate 3{, comb strip 327, inter-comb strip 33,

and comb strip 34, followed by insulation block

35 and cap plate 36.

to the left therefrom. In the assembled posi-
tion of the device, each such side tab 22 over-

‘hangs, and rests upon, the front portion of the

immediately preceding work armature 8 of the'

same armature pair, thereby deﬂning the normai
position of the work ermature 8. and prevent-

ing premature operation” of the sequence ar-

mature 3.

Referring now to Fig. 4, it will be observed that
ea.ch work armature 8 is provided with a pivot

opening (0 through which pivot rod 24 passes in
the assembled position of the device, such open-
ing being through the infermediate offset por-

tion 9. Each such armature is provided with

a rear notch 11 within which the bifurcate por-
tion of its associated, downwardly tensioned, re-

storing spring 48 terminates, permitting such
spring to press downwardly on the rear end of

the armature with a restoring spring tension.
The front portion of each work armature 8 is
provided with a side tab (2, extending to the

left. - In the assembled position of the device,

Preferably, the parts are so dimensioned that
the overhanging side tab 12 of any work arma--
ture 8 succeeding the first is normally slightly
out of contact with the residual plate 19 of its
immediately preceding = sequence armature,
whereby the normal position mumed by any -

“work armatures does not prevent the immediately _-

preceding sequence armature from assuming its
intended normal position, -

In the preferred embodiment of the deviee now |

~ being described, each of the work armatures 8 is

70

¥ {

composed of material that is magnetically “harq”
whereby any such armature, upon having once
been attracted downwardly into engagement with -
pole plece §, remains so attracted by residual

magnetism against the normally exerted restor.
ing force of 1ts associated spring 41.

Reterrinsazaintotheeentactbhdu uoom-'*
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- prising the ten separately actuatable stackupe
81 to 810, it will be observed that each such
stackup comprises three contact springs. The

intermediate contact spring of any such stackup
Is preferably formed of comparatively thin, flex-
ible stock, and is so terisioned as to normally rest

in electrical engagement with its underlying

back-contact blade, from which position it can

be moved upwardly out of contact therewith, and
into contact with its immediately overlying front-
contact blade, The front-contact and back-con-
tact blades are preferably of relatively rigid con-

struction. .-

Actuation olf | a.ny_. ofthe stackups of contacts is

effected by its associated control stud 44. Any
such stud is provided with a body portion of
sultable length to extend from restoring spring

10

16

41 to the flexible travelling contact blade thereof.

Any control stud 4f is held in position by a pair

of end extensions thereof, one of which is re-.

ceived within locating hole 42 (Fig. 6) of its
assoclated restoring spring 41, while the upper
end thereof is similarly received within a hole in
the travelling blade of the associated stackup.
The front-contact and.back-contact blades of
the stackups may be all formed alike each pro-
vided with a hole 40 (Fig.
freely receive control studs 44,

R The counting _apér&iioﬂ'

1 to 7, responsive to impulses received by electro-
magnets 3, will now be -described. It will be
noted that thesé electromagnets are connected

magnetically in parallel between heel plate 2 and
pole piece 6.  The arrival of an impulse to be

counted results in the energization of both elec-
tromagnets 3 in the same sense, whereby they
both present the same polarity of magnetomotive
force to pole piece 8. - = |

Responsivé to each impulse energization of.

electromagnets 3, each unoperated sequence
armature {3 is attracted upwardly since its lower
arm is closer to. the horizontal portion of pole
piece § than is the upper arm thereof whereby it
remains in normal -position. Each work arma-
ture 8, however, is attracted downwardly toward

operated position. The action of these armatures

in counting a series of received impulses will now

be described. @~ - .
~ First impulse begins _

At the beginning of the first recetved impulse of

2) large encugh to

20
25
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The counting operation of the device of Figs.

35
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- 8 o

Into operated position prior to the operation of
the sequence armature {3 of the immediately
Preceding armature pair. As previously noted,
any side tab 12 is preferably slightly out of con-
tact with the highest portion of the sequence
armature over which it extends, wherefore a
slight, and ineffectual, downward movement of
the succeeding work armatures 8 occurs before
such motion is arrested when the side tab 12 of
any such armature makes restraining contact,
Ideally, the parts should be so dimensioned that
no such idle movement occurs, but practically,
such movement should be provided for as a mat-
ter of manufacturing tolerance, as will be readily
appreciated. | S

- First impulse ends

Upon the termination of the first Impulse of a
received series, the consequent demagnetization
of pole piece 6 permits the slightly moved impulse
armatures 8 succeeding the first to restore com-

pletely. The fully operated first armature 8§

however is maintained in its fully operated posi-
tion by’ residual magnetism’ all such armatures
being composed of magnetically “hard” material
as previously noted, S

With impulse armature 8 of the first pair thus
held inoperated position, the cessation of the first
impulse permits sequence armature 13 of the first

pair to obey its associated operating spring 4% by
~moving clockwise (as seen in Fig. 1) from normal

position into operated position. This movement
unblocks impulse armature 8 of the second pair
to leave it free to respond to the second impulse.
Additionally, this movement brings the Uupper arm-
(see Fig. 5) of the front portion of the operated

first sequence armature (3 closer to the hori- .
zontal portion of pole piece § than the lower arm
thereof then is, whereby the sequence armature
is not retracted by succeeding impulses.

Second impulse begins
At the beginning of the second impulse of the

received series, the work armature 8 of the SeC-

50

ond palr, being no longer restrained, executes its
counting movement as. described for the work
armature of the first pair. Such ‘movement:
causes actuation of the second stackup S2, at the
same time unblocking the associated sequence
armature 13 of the second pair to permit it to
operate upon the termination of the second im-

pulse. |

& series, work armature 8 of the first pair moves

downwardly (rotates in a clockwise direction, as
seen In Fig. 1, about pivot rod 24) into operated

55

position, coming into intimate contact with the -

upper surface of the horizontal portion of pole

plece 8. This movement occurs against the re-
straining ‘influence of the associated restoring
spring 41. The consequent elevation of spring

41, through the medium of the first control stud.

44, raises the intermediate contact blade of stack-
up 8{ from engagement with its underlying back-
contact blade into engagement with its overlying
front-contact blade. =~ =

As previously noted, none of the sequence

armatures {3 responds at this time, for each un-

operated one of them (and all are unoperated
initially) is urged upwardly during a received
impulse. = .

None of the work armatures 8 succeeding the
first can respond to the first impulse, as each such
succeeding work armature 8 is restrained by its
attached side tab 12 from moving downwardly

Second impulse ends

When the second impulse ends, the sequence
armature I3 of the second pair, having been
unblocked by the counting movement of the im-
pulse armature 8 of the same pair, executes its

~ counting movement obedient to the force of its

60

operating spring 45, with results similar to those
explained in connection with the operation of the
sequence armature {3 of the first pair.

Succeeding impulses

As the succeeding impulses of the series are
received, the work armatures 8 and sequence
armatures {3 operate successively, as described,
each operating at the beginning, or at the end,

~ as the case may be, of its corresponding im-

70
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pulse of the series. | | .
It may be noted at this point, that the only
function of the sequence armature 13 of the final
pair is to serve as a backstop (by its attached side
tab 22) for its associated work armature 8. It
may be additionally noted that all parts included
in the magnetic circuit, with the exception of




7

the magnetically “hard” 1mpu].se armatures 8,
are preferably composed of magnetically soft

material.
. Clearing out

When the operated device is to be cleared out,

2,698,816

the electromagnets 3 are given a mild reversed

magnetization, as by providing each with a low-

powered winding reversely found. Obedient to

this mild magnetization in the opposite direc- 1 0

tion, the residual magnetism of the operated im-
pulse armatures 8 is at least neutralized, per-
mitting all operated armatures to restore. Such

restoration occurs by virtue of the stored down-

“ward tension in restoring springs 4i, acting In

~ opposition to the comparatively mild up xard -

| temion in springs “
I claim:
1. In a magnetic counting device, a pole piece

and means for imparting impulses of magnetic |
- force thereto, a series of armatures comprising

work armatures and sequence armatures appear-

ing alternately and overlapping the pole piece,
the armatures lying generally side by side in a
~ row laterally displaced from the pole plece and
generally parallel to the near edge thereof, means

supporting the armatures for individual move-
ment transversely of the row and of the said edge,
each work armature lying entirely on one side
of the pole piece and being attractable thereby,
each sequence armature having a part.lying on

‘one side of the pole plece and a further part
lying on the other side, whereby it is attracted
in one direction or the other by the pole piece

 depending upon its position when the pole piece
is magnetized, and means including inter-arma-
ture linking means, ggoperating with biasing

.means for the sequence armatures and opposed

biasing means for the work armatures, for caus-
lng said armatures to be moved successively re-
~sponsive to sald impulses to count them, a sepa-
rate work armature moving responsive to the

beginning of each impulse, and a separate se-

o 8 -

work armatures and sequence armatures appeéar-
ing alternately and overlapping the pole plece,
the armatures lying generally side by side in &

row laterally displaced from the pole piece and
‘generally parallel to the near edge thereof, means

supporting the armatures for individual move-
ment transversely of the row and of the sald edge,
each work armature lying entirely on one side of -

the pole plece and being attractable thereby In &
given direction, each sequence armature having
a part lying on the other side of the pole piece,
whereby it is attractable in an opposed direction,
and means including inter-armature linking

- means, cooperating with biasing means for the.

15

sequence armatures and opposed biasing mea.ns .
for the work a.rmatures. for causing said arma-

 tures to be moved successively responsive to sald

impulses to count them, a separate work arma-
ture moving responsive to the beginning of each

‘impulse, and a separate sequence armature mov-'

~ ing responsive to the termination thereof.

25
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-quence armature moving responsive to the termi- |

) nation thereof.

45

- 2..In a magnetic counting device, a pole plece

and means for imparting impulses of magnetic
force thereto, a series of armatures comprising

| Number_
30

JOHN 1. Bm.a.m
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