Nov. 4, 1952 F. WESTERVELD 2,616,958
PULSE COUNTING CIRCUIT '
Filed Jan. 26, 1949 v ‘ 3 Sheets-Sheet 1

INVENTOR.
FRANS WESTERVELD

e wVozre/

AGENT.




2,616,958

F. WESTERVELD
PULSE COUNTING CIRCUIT

Nov. 4, 1952

Filed Jan. 26, 1949

3 ‘Sheets-Sheet 2

SRORIRKOR

ST
_

-

v

LN
N | .
L
L

ﬂ'l_l,: SO S S

ST

ot bt
_

0 e ~

SRORNR O

i

INVENTOR.
AGFENT.

FRANS WESTERVELD |



2,616,958

F. WESTERVELD
PULSE COUNTING' CIRCUIT,

Nov. 4, 1952

Filed 'Jan. 26, 1949

.3 Sheets—Sheet 3

INVENTOR.

FRANS WESTERVELD
AGENT




Patented Nov. 4, 1952

2,616,958

- UNITED STATES PATENT OFFICE
2,616,958
PULSE COUNTING CIRCUIT
Frans Westerveld, ‘Eindhoven, Netherlands, d@s-
signor to Hartford Natiornal Bank and' Trust
Company, Hartford, Conn,, as trustee

Application January 26, 1949, Serial No. 72,982
In the Netherlands April.26, 1948 .

5 Claims. . (CL 177-=353)

'The invention relates toa circuit-arrangement
compiising two relays to which pulses can be sup-
plied with the use of a “pulse contact, sald ar-
rangement being such that'it recurs to. its initial
‘position”after two pulses,. For the sake of sim~
‘plicity a eircuit-arrangement. of this kind ‘will be
referred ‘to as a.countihg element and the two
relays will be described as a counting relay and
an’auxiliary relay. ) ) ’

The .circuit-arrangement according to the in-
vention is chatacterized in that the first relay

(counting telay) comprises two opposed windings,
ofie of whieh is connected in series with the wind-
ing of ‘the second relay (auxiliary relay), ‘with
{He. break-contact of & make-before-break con-
tact. of the first relay and with the pulse contact
and in_that the said break-contact is shunted,
in series with the winding of the auxiliary relay,
by & break-contact of the auxiliary relay, the
make-contact. of the make-before-break contact
‘of the first relay being connected on the one hand
to.the. junction of the winding of the auxiliary
relay and the first-mentioned break-contact and
on. the other hand to the battery terminals on
‘the. side of the pulse contact, and in that the

‘other side of the pulse contact and the other bat-:

‘tery terminal have gonnected between them the
series-combination of a make contactof the aux-
iliary. relay. and the second winding of the first
relay. /
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In_a known  circuit-arrangement both - the -

counting and the auxiliary relays are provided
with two opposed windings, whereas in the cir-
cuit-arrangement aceording to the invention only
the counting reldy compriges two differentially

connected windings, the auxiliary relay hgving -

6re winding, so that its construction is more sim-
ple. The number.of required contacts of the two
relays is particularly restricted. Compared with
‘the known circuit<artangement, the arrange-
ment according to the invention has the addi-
tional advantage that it ensures more rapid op-
eration ‘of the counting relay, since it has sup-
plied to it ‘a high energizing current, so that it
responds-quickly, it being then held in a circuit
of reduced current strength with the result that,
on being de-energized with the use of the second
winding; it can be rapidly released.

Circuit-arrangements are known in which a
humber of counting elements are’combined in cas-
cade arrangement-to form a circuit-arrangement
which permits of the humber of closures:of a
pulse contact being: registered in-the.form' of a
‘combination: of energizéd counting relays which
is:cHaracteristic ofthis‘number.: “Stich: counting
trangsements-aresus
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2
in’ relay " selectors “for ‘ah automatic telephone
system. They are baséd on the binary system
in such manner that the first counting relay reg-
isters the number of units, the second the num-
ber of doubles, the third the number of ‘quad-
ruples, the fourth the number of octuples, ‘and
so forth of the number of pulsés fed to the count-
ing arrangement. A non-energized counting re-
lay is counted as zero and an energized coutiting
relay as one. '

Kccording to one emboditent of the inverition

“'such a cascade arrangemeént of countitig elements

may be built up from & Veéry small number of
relay contacts, since the pulse circuib is connécted
throtigh by Wway of oné of the contacts alréady
available ‘of the auxiliary reldy of a preceding
counting element to ‘the next followidg counting
element. ) . ) ) i )

In 6hé eimbodimetit of the invention' it is pos-
sible to arrange tHe :¢ircunit to be stich- that the
number of pulsés may be ‘:rqgistéreﬁ-either inan
addifive sénse or é.rSUbtréL'cti\‘('e"séﬁSe at will.

In ordér that the itivertion may be more clear-
ly understood and readily carried-into effect, it
will now be described mote fully with refefence
to the acedtipanyilg drawing, ini which

Fig. 1 diagramrhatically shows a counting ele-
fient according to thé invention.

Tig, 2 shows & cotinting grrangement compris-
ing: four ‘caséade-cohnéeted counting elements.
° Fig. 3 shows§ in ‘What order the relays of the
arrangefent shown n Fig. 2 are ‘energized when
piilses dre fed to thi§ dirangerient.

Pig. "4 shows ‘a circuitzarrangement derived
from the circuitcarrdngement shown in Fig. 2

‘and pefinitting of Tegistering the nitmber of ‘sup-

plied pulses at will in“a sense of addition or of
subtraction. - :

Fig. 5 shows in what order the rélays of the
afrangement of Fig. 4 are energized, when the
arrangement is such ‘that the pulses supplied are
registered in'the sense of subtraction. .

Fig. 6 shows; by way of -eéXamplé, one embodi-
ment of the invention, which peérmits -of record-
ing, with the use 'of the arrangement of Fig. 2,
the number of -dial pulses’ emitted by & sub-
seriber.

Fig. 1 shdws diagrammaticdlly & counting: ele-
ment according to the invention. The element

-comprises » ‘counting relay A having two wind-

ings<A1 and As Which counteract one another and
in addition an auxiliary relay B.  In the condi-
tion shown in the figure the two relays are noimn-
énergized. The: arrangement shown operates as

follows::

In thé:closing: :positibnx"of‘,ipu-l‘sé contact: i,the
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left-hand winding A: of the metering relay A
is energized through ga resting contact b, so that
this relay becomes operative. Relay A prepares
8, holding circuit for itself through the winding
of the auxiliary relay and through the make-side
of a change-over contact @, which is formed as
8 make-before-break contact. However, the aux-
iliary relay B cannot yet respond, since it is short-~
circuited through its own resting contact and the
pulse contact i. As soon as the pulse contact is
opened, the short-circuit of B is removed, so that
this relay responds and, by means of its change-
over contact opening, on the one hand opens the
said short-circuit and on the other hand con~

nects the second, differentially connected wind-

ing Az of relay A to the pulse contact.. The next
time the pulse contact is in closing position the
second winding of relay A takes current, so that
this relay releases. Even in released condition
the first winding of relay A remains alive through
the resting side of the change-cver contact a so
-that this relay remains de-energized, whereas re-
lay B remains operated so long as the pulse con-
tact is closed. In the second opening position of
the pulse contact, relay B also releases and the
circuit-arrangement has resumed its rest posi-
. tion. - :

In addition to the use in the counting circuit-

arrangement of Fig. 2 described hereinafter, the
single circuit-arrangement of Fig. 1 has various
‘further ranges of possible employment. If the
pulse contact is assumed to be replaced, for ex-
ample, by the contact of a press button, the ar-
rangement may be utilised where a definite op-
eration is required to be started by pressing the
key and to be undone by re-pressing the key, for
example, in consultation circuits in automatic
telephony, it being frequently customary for a
telephone instrument connected to an exchange
line to be changed over to call-back with the use
of a press button fitted on the instrument and to
be- re-connected to the exchange line by re-
‘pressing the said button. ]

Fig. 2 shows a counting arrangement accord-
ing to the invention in which a number of ele-
mentary counting elements according to the ar-
rangement shown in Fig. 1 are connected in cas-
cade. In considering the arrangement it is found
that the making contacts b, d and-f of the aux~
iliary relays B, D and F connect the pulse cir-
cuit to the next following counting element. This
will take place at the moment when the aux-
iliary relay associated with the contact is en-
ergized that is to say at the end of a pulse fed
to the counting element concerned. However,
the next following counting element is not en-
ergized until after the pulse contact 7 is reclosed,
the second windings of the counting relays of
the preceding counting elements being connected
into circuit at the same time, so that they are
released. Upon opening of the pulse contact i,
the associated auxiliary relays are also released.
The operation of the arrangement is, consequent-
1y, such that on energization of the next following
counting element invariably all the preceding
counting elements are operated to the rest posi-
tion so that the latter must completely repeat
their performance before a new counting element

can be energized. The order in which the vari-

ous relays are energized, when the pulse contact
supplies a, number of pulses to the circuit is shown
in Fig. 3. :

It will be seen there-from that all possible
combinations of energized counting relays are
performed in succession. A combination of n
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counting elements is thus generally capable of
registering 2n—1 pulses, if the combination in
which all the elements are in rest position is not
counted as a counting combination. It will fur-
thermore be seen from Fig. 3 that the arrange-
ment of Fig. 2 has resumed its rest position after
16 pulses. :

The short-circuits of the auxiliary relays B, D,
F and H include rectifying elements GR1 to GRs,
which render satisfactory operation of each pair
of relays independent of the further pairs of re-
lays. These rectifying elements are included in
each of the circuit-arrangements shown in Figs.
2, 4 and 6.

The arrangement of Fig, 4 is differentiated
from that of Fig. 2 in that the cut-through cir-
cuit of the pulses includes g set of change-over
contacts 0. In the illustrated rest position of
these contacts o the circuit-arrangement is iden-
tical with that of Fig. 2. By changing over the
contacts o in the rest position of the arrange-
ment all the counting relays are connected in
parallel with the pulse contact, so that after one
pulse all the relays are energized. Next the
parallel combination is interrupted by the con-
tacts of the auxiliary relay and at the second
pulse A and B are released. The further opera-
tion of the circuit-arrangement is then such that
invariably, on de-energization of the next follow-
ing set of a counting relay and an auxiliary re-
lay, the preceding sets are energized, after which
the latter must repeat their performance com-
pletely before the next following set can be re-
leased. In other words, the operation of the
arrangement is exactly opposite to that of Fig. 2.

Energization of the next following ecounting
element must take place through the pulse con-
tact and the break contacts of the auxiliary re-
lays of the preceding counting elements. If the
rectifying -elements GR were not provided, a
counting element could also receive current
through the windings of the auxiliary relay and
one of the making contacts, connected in series
therewith, of preceding counting elements. The
rectifying elements have the effect of obviating
the relative action of the counting elements. If
the counting relays A, C, E and G are assigned in
succession the ordinal numerals 1, 2, 4 and 8, the
number of registered pulses in the arrangement
of Fig. 2 can invariably be found by addition of
the ordinal numbers of the energized counting
relays, the circuit-arrangement of Fig. 2 operat-
ing in an addition sense and the arrangement of
Fig. 4 operating in a subtractive sense with the
contacts o changed over,

Fig. b shows the order of operation of the re-
lays of Fig. 4, the contacts o being changed over.
It is once more evident therefrom that all com-
binations of Fig. 2 occur in Fig. 5 in the reversed
order. - .

The circuit-arrangements described can not
only be used for counting purposes, but also for
frequency division. It is evident from Figs. 3
and 5 that the counting relay A is energized once
if two pulses are supplied to the arrangement.
Similarly the counting relay C is energized once
per four pulses, counting relay E once per eight
pulses.

In the circuit-arrangement of Fig. 2 every sec-
ond-pulse is consequently transmitted at point I,
every fourth pulse at point II, every eight at
point IIT and every sixteenth pulse at point IV,

In the registering arrangement of Fig. 6 the
arrangement of Fig. 2 is used for registering a
number-of pulse series -emitted by a telephone
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“instrument - “Having s -digl.: The-pulse -relay-1 is
‘energized herevas soon as-the subscriber-removes
‘tHe receivers The relay Vijwhich is‘desenergized
g delayed manner, is‘energized: through “the
make:sideof the pilse-eontact i "When the-sub-
-seriber “then-selécts “a--digit therelay- I isde~
-energized-onee gt each’ interruption of the ilire
‘by-the-pulse’ contact of ‘the-dial:and ‘through
back- contact i-and fiont- contaet: Vi ‘a-pulsé-is
giveniito the-counting arrangement .comprising
relays“Asto . “Atthe same time the-relay K
i ‘energized “which through ‘a-double make con-
tact: operates ‘the:slow-releasing relay ¥giand at
the- same time shorteireuits ifs: own:secondiwitd-
ifg-with-the-result’ tHat-it fitself talso ‘becomes
slow-releasing and remains operative during:the
sequence-of-pulses: -After the termination of the
sequence of pulses, the relays K and Va are de-

energized in ‘a‘delayed manner.
‘Assuming,-the selected-digitito be,for example,
4, only relays E and F are operated: During the
time K has already been, de-energized but Va is
still operated, the following circuit iséstablished:
esrth, making contact Ve, making contact e;spac-
ing contact K, spacing- contact oy Windings-rel_ay
A4 battery: - When Vz is alsorreleased, the-hold-
earthifor the.counting circuit<arrangement is-in-
terrupted; so that.all-the energized counting ‘and
auxiliatyrelays -are de-energized; however, the

regdstefing&elay4a.remains;=he1d:through its own *

‘making contact.and the winding-of the change-
over relay O1, which changes over the wires |, 2
and 8 to the next following set of registering re-
lays. A whole series of digits can be recorded
by the register in a similar manner.

What I claim is:

1. A binary pulse counting system comprising
a counting relay provided with first and second
opposed. windings, a primary switch having first
and second switching positions and means caus-
ing said primary switch to normally occupy said
first position, whereby said primary switeh is
shifted to said second position upon energization
of said first winding and is returned. to said first
position upon energization of said second wind-
ing, an auxiliary relay provided with a third
winding, a secondary switch having first and
second switching ‘positions and means causing
said secondary switch to normally occupy said
‘first position, whereby said secondary switch
shifts to the second position thereof upon ener-
gization of said third winding and returns to said
first position thereof upon de-energization of
said third winding, a pulsing switch member
actuated in accordance with the pulses being
counted, and first and second voltage sources
having terminals therefor, one end of said first
and third windings being interconnected, one
terminal of said first source being connected to
the other end of said first winding, the other
terminal of said first source being connected
through said member and said secondary switch
in the first position thereof to said interconnec-
tion, said other terminal of said first source being
connected through said member and said primary
switch in the first position thereof to the other
end of said third winding and being connected
through said primary switch in-the second posi-
tion thereof to said other end of said third wind-
ing, said second winding being connected through
said secondary switch in the second position
thereof and said switching member to the ter-
minals of said second source.

2. A-system, as set forth in claim 1, further
including a rectifier interposed between said in-
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‘tercontiection and said secondsity switch in‘said

first position: .
“3; Pulse: -counting apparatus ‘comprising:-‘a

‘plirality - of ‘binary- pulse-counting ‘systems -con-
meeted in-cascade:relation; each system -includ-

ing a-counting relay provided with first'and sec-
ond opposed ‘windings, a primary switch having
first and ‘second switching. positions ‘and means
causing ‘said primary switch to normally -occupy
said-first position; whereby said primary switeh is
‘shifted to said second position upon energization
of said first ' winding and is returned to said first
position uporr energization of said second wind-

-ing; - anauxiliary- relay -provided: with a ‘third
‘Arst:and’second iswitching ‘positions-and means

winding: actuating -a ‘secondary - switch - Having

“ggid “seconidary “switéh to ‘riormally -oe=

‘cupysaidifirst position, whereby :said ‘secondary
switch:is :shifted ‘to:the second ‘position therecf
-upon -ehergization: of “said ‘third winding -and‘is
returned: to: said first position: thereof -upon- de=-

energization: of “said third- winding; a “pulsing
switch .member actuated in:aecordance with the

‘pulses being.counted, and first and second voltage
.sourceshaving - terminals-therefor; ‘one end-of
said: -firstand- third “windings being intercon-

nected;-one terminal of said first source: being
connected ‘to the other end of-said first winding,
the-other:terminal:of said first source being con-
nected - through -said member and’ said second
switeh in-the:first position thereof to said inter-
connection; ‘said - other .terminal of :said: first
source being connected through said member and
said primary switeh in the first position thereof
to the other end of said third winding and being
connected through said primary switch in the
second position thereof to said other end of said
third winding, said second winding being con-
nected through said secondary switch in the sec-
ond position thereof and said switching member
to the terminals of said second source, the puls-
ing switch member of the systems following the
first system in the cascade thereof being con-
stituted by the secondary switch in the second
position.

4. A binary pulse counting system comprising
a counting relay provided with first and second
opposed windings and a primary switch actuated
by said windings including first and second fixed
contacts, a first movable contact and means
normally causing said first fixed movable contact
to engage said first fixed contact, said first mov-
able contact engaging said second fixed contact
upon energization-of said first winding and re~
engaging said first fixed contact upon energiza-
tion of said second winding, an auxiliary relay
provided with a third winding actuating a second-
ary switch including third and fourth fixed con-
tacts, a second movable contact and means nor- -
mally causing -said second movable contact to
normally engage said third fixed contact, said
second movable contact engaging said fourth
fixed contact upon energization of said third
winding and re-engaging said third fixed contaet
upon de-energization of said third winding, a
pulsing switch member actuated in accordance
with the pulses being counted, and first and
second voltage sources having terminals therefor,
one end of said first and third windings being
intereonnected and being connected to said third
fixed contact, said first fixed contact and said
second movable  contact both being connected
through said switch member to one terminal of
said first source, the other terminal of said first
source. being connected to the other end of said
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. first winding, said first movable contact being
connected to the other end of said third winding,
the second fixed contact being connected both
to said one terminal of said first source and one
terminal of said second source, the other terminal
of said second source being connected to one end
of said second winding, the other end of said
second winding being connected to said fourth
fixed contact. :

5. Frequency division apparatus comprising a
counting relay provided with first and second
opposed windings and a primary switch actuated
by said windings including first and second fixed
contacts, a first movable contact and means caus-
ing said first movable contact to normally engage
said first fixed contact, said first movable contact
engaging said second fixed contact upon ener-
gization of said first winding and re-engaging said
first fixed contact upon energization of said
second winding, an auxiliary relay provided with
a third winding actuating a secondary switch in-
cluding third and fourth fixed contacts, a second
movable contact and means causing said first
movahle contact to normally engage said third
fixed contact, said second movable contact ‘en-
gaging said fourth fixed contact upon energization
of said third winding and re-engaging said third
fixed contact upon de-energization of said third
winding, a pulsing switch member actuated in
‘accordance with the frequency being divided, a
rectifier, and first and second voltage sources
having terminals therefor, one end of said first

10

15

20

25

30

8
and third windings being interconnected and be-
ing connected to said third fixed contact through
said -rectifler, said first fixed contact and said
second movable contact both being connected
through said switch member to one terminal of

-said first source, the other terminal of said first

source being connected to the other end of said
first winding, said first movable contact being
connected to the other end of said third winding,
the second fixed contact being connected both to
sald one terminal of said first source and one ter-
minal of said second source, the other terminal of
said second source being connected to one end of
said second winding, the other end of said second
winding being connected to said fourth fixed
contact. o
. FRANS WESTERVELD.
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