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' My invention relates to a device for counting electrical

impulses, and more particularly to an impulse counting

device suitable for translating a train of impulses based

on a first counting
- on'a different counting system. C e

In such systems, it is the practice to provide a plurality
of sets of impulse responsive means which are operable
in a cycle of unique combinations 1L response to certain
successive operations of an impulse source such as a
set of contacts connected to the input of the counting
device. End-of-cycle means common to the sets of im-
pulse responsive means are operative at the conclusion of
a_cycle of operations of the impulse responsive means.

Output or counting means controlied by the sets of im-

pulse responsivé means and the end of cycle means are -

efiective at the end of the transmission of a train of

impulses for translating the incoming signal . into o,_th_e'r

electrical impulses. | | S

~In the past, it has been the practice to provide more
- 'than one relay for each set of impulse responsive means
as well as the end-of-cycle means. One relay of each set
may be arranged to operate in response to starting of
- an individual operation of the pulse source; similarly,
other relays of the same set may be arranged to operate
during or in response to the end of the individual opera-
tion' of the pulse sources to mark the end of the impulse

and to set up for the next successive combination of op-
erations of the sets of relays.

istration of a particular operated combination of the relay
sets for indicating the corresponding number of .opera-
tions' of the impulse repeating means up to the number
of unique combinations in which the relay sets are op-
erable. In response to the last unique combination of
‘operations of the relay sets, one of the relays of the end-
of-cycle responsive means is operated to release the jm-
pulse responsive sets to their normal conditions; other
relays of the end of cycle means r
the Trestoration of the impulse responsive sets to normal
condition for making the sets of impulse responsive in
another cycle of operations to register further successive
operations of the impulsing means. In such systems it
has been necessary to provide: at least first and second
relays in ‘each such set of impulse responsive means and
the end-of-cycle means in order to insure the fact that
only one set is operated in response to each incoming
impulse and in order to insure the full release of the im-
pulse responsive sets prior to the completion of operation
of the end-of-cycle responsive means., "

Accordingly, it is an object of my imfentit)n to provide

a new and improved counting device. |

.~ Another object of my invention is to provide a count-
ing.device in which only one relay is employed in the
end-of-cycle means. S | | -
T accomplish these and other objects by providing in
the preferred embodiment of my invention a counting

chain - comprising at  least one- two-step relay which is

system into electrical signals _based |

| | Means jointly controlled -
by the sets of relays are effective in response to the reg-
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ones of a series of successive operations of an impulse
repeating means comprising a set of normally open con-
tacts.. The latter contacts are arranged to close and

- Treopen in response to each of a train of repeated impulses.

Closing of the contacts is effective to complete a circuit
for energizing a first winding of the relay to operate the

"- relay through its first step. 'Certain contacts on the
- relay are operated in response to the operation of the

10

relay through its first step for completing a circuit for
energizing a second winding of the relay in series with

_-the first to operate the relay through its second step:

15

Closing impulsing contacts to energize the first winding
only is also effective for shorting out the second wind-
ing in order to prevent the series energizing circuit from
being effective during the time that the operation of the

. Impulsing means is incomplete. Thus the registration of

- the certain operation of the impulse repeating means is

20

prevented until after the contacts of

means have been reopened. L _
The operation of the relay through its second step also

the impulse repeating

18 effective for transferring the impulsing contact circuit

20

~ their first and second steps.

from its connection to the first winding of the relay to
the first winding of the next succeeding relay in the chain;
and for selectively releasing certain others of the chain

of relays which have been previously operated through
Thus the relays of the count-

* 1ing chain are operated in a cycle of unique combinations,

30

- through a first

39

~ end-of-cycle relay in series.
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+ the end-of-cycle relay,

50 | , ,
, _ - become apparent as the following
ay be operated after -
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unit, -

- such as a battery:

each combination representing a particular one of succes-
sive operations of the impulse repeating- means. o

At the conclusion of a cycle of operations of the count-
ing chain relays, the single end-of-cycle relay is operated
step in response to the operation of the
impulse responsive relays in the last of the unique com-
binations of a cycle for releasing the impulse responsive
relays to their normal condition and for preparing a cir-
cutt for energizing the first and: second windings of the
‘The end-of-cycle relay en-
ergized through its first and second windings in series
operates. through its second step - for ‘registering the end
of a cycle of operations and- for restoring operated ones
of the counting chain relays to normal. In order to pre-

- vent the end of cycle registration from taking place prior

to the complete release of the impulse responsive means,
Imeans comprising a circuit energized by the operation of
the last released of the counting chain relays an alternate
circuit is effective for shorting out the second winding of
so that the last released of the
impulse responsive relays prevents the end-of-cycle relay
from being operated through its second step.. -
Further objects and advantages of my invention .will
description proceeds,
and features of novelty which characterize the invention
will be pointed out with particularity in the claims an-
nexed to and forming a part of this specification.

For a better understanding of my invention, reference
may be had to the accompanying drawings in which:
 Fig. 1 shows a skeletonized representation of an im-
pulse- source; o | - |

Fig. 2 shows an impulse counting device: and
' Fig. 3 shows a skeletonized representation of a storage

- ‘The apparatus referred to in the following paragraphs
is made to function from power. supplied from a source
the most positive terminal or plate of
the battery is connected to ground and is referred to
hereafter as “ground” and in the drawings as “(--)”; the

~ most negative, ungrounded terminal or plate of the bat-

70

operative through its second step for indicating certain =

tery is referred
f“(-.—'-,);” . T Co LT
- In an impulsing counting device of the type - contems-
plated, a plurality of two-step, counting chain relays such
as 200, 210 and 220 are arranged to operate-in a cycle

to as “battery” and in the drawings " as
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: _'of varrous, ,umque combmatrons in reSponse to certarnﬂ--
ones of a successive train of impulses which are caused

by the operation of the impulse repeating means compris-

- Uing make contact 101 of relay 100. In the preferred. em-
~ bodiment of my invention, the 1mpulse counting device is
__-"arrauged to .count .a train of 1mpulses cornprrsrng any

‘ 'number up to and mcludrng a maximum of ten.

| Referrtng to Fig. 1, a train of unpulses 18 created by T
the operatton of any of a number of well known means -
such as dial D10,- which causes contacts D101 to be

: repeatedly closed and reopened thereby causing rmpulse :

repeating relay 100 to be correspondingly operated and

released. Impulse repeating means comprising contacts

101 are. thereby successwely closed and opened -in re-

sponse .to each 1mpulse in -a tlarn of nupulses created

o by the -operation .of dial D10. |
-_ As the. followrng descrrptlon proceeds, 1t wrll be seen' -
| _'that ‘the two-step chain relays 200, 210 and. 220 are op~ - .

crated in cycles of five untque combinations. By mak-
ing it possrble 10 run through the cycle of operated com-

~ binations twice, a train of ten impulses may be counted.

For the sake . of convenience, the followrng table shows

the . input: number of lrnpulses in comparlson to-the =
~ numbers of the relays that are placed in operated condi-

‘tion as.a result of applying the 1rnpulses to the 1nput
| ctrcurt of the chaln of relays = .

o Nurnher_o,f:lrnpulses I Countrne Chain

- Relays Operated.

el mlre— - ooy mimnlld il . al
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The method of operatton for the chatn relays is next .

i explarned

- . Assume for ‘the purposes of demonstratron that the -
- number of 1rnpulses in a train of impulses repeated by

'_relay 109 is “7.” - Thus, contacts 101 afe "closed

~ and reopened seven consecutive times. In response to. -

the first closure of contacts 101, a ‘circuit is completed
for energizing the lower winding of the first chain relay
200 as follows: from ground through make contacts 101;
~ break contacts 216 on unoperated relay 210, break con-

~ tacts-205 on unoperated relay 200 the lower thdrng of

o relay 200 to battery..

The energization of the lower wmdrng of relay Ztltl

is effective for operating relay 200 through its first step,

that is, sufficiently to operate the preliminary make con-
tacts 202 and 203, and not sufficiently to operate the

- remaining contacts of the relay. The operatron of make - -
 contacts 202 is effective for closing a circuit for ener-

grzrng the upper and lower windings of relay 200 in
series over the following circuit: fromy ground through
‘break contacts 301, 232 and 211 on unoperated relays

300, 230 and 210, respectwely, make contacts 202 on -

operated relay 200, and the upper and lower wrndlngs
of relay 200 to battery. In order to prevent the series
energizing circuit of relay 200 from being effective until
- the pulse caused by the closrng of contacts 101 is com-
pleted, the circuit for energizing the lower winding only

~ supplies ground to the left hand terminal of the upper |
winding of relay 200, thereby shorting out the upper

winding and preventing the operatlon of relay 200 through
ts second step. =

- Atthe conclusronof the ﬁrst trnpulse, relay 100 releases, :

opening contacts 101 and removing the short around the
upper winding of relay 200. The series energizing cir-

“cuit is thereupon effective to operate relay 200 through
its second step. The operation of relay 200 through
its second step 1s effective for disconnecting the impuls-
ing contacts 101 frorn the lower wmdtng of relay 200 |

o _at break contacts 205
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in response to the operatron of relay 206 through its
second step. for closing a circuit for energizing the lower

~ winding of second chain relay 210 'as follows: from

5 ground through make contacts 101, break contacts 216
on unoperated relay 210, make contacts 204 on operated

and the lower winding of relay 210 -to battery. “The

- relay 210.

1In response to the operatIon of relay 210 through 1ts_-_“ |
- first: step, a circuit for energ1zrng the upper and lower
15 windings of relay 210 in series is completed from

eround through break contacts. 381, 232, and 222 on

" relay 210 in series to battery. In a manner similar
20 to the one described in the case of relay 200, the pres-
- ence of ground supplred through the 1mpulsrng contacts

101 is effective for preventing the series emergizing cir-
- cuit for the windings of relay 210 from operating relay
210 through 1ts second step SO long as -contacts- 101 are
25 closed. | |
~  Ima manner srn:nlar to- the one descrlbed in the case |

 of relay 200, the operun'nr of impulsing contacts. 101 is
‘ effective for removing the short around the upper wind-
ing of relay 210 so that the series energlzrng circuit for -

30 the wrndmgs of relay 210 described in the preceding para-
~ graph is effective for operating: relay 210 through its
. second - step. ‘The subsequent operation of relay 210

through its second step is effective for releasing relay 200

by opening the locking circuit for relay 200 at break
35 contacts 211; the operation of relay 210 through its sec-
~ ond step is also effective for disconnecting the impuls-
ing contacts 101 frorn the lower wrndrng of relay 210 at

break contacts 216.

gizing the lower winding of relay 228: from ground

- through contacts 181, make contacts 215, on now oper-
ated relay 210, break contacts 226 on unoperated re-
45 lay 220, and the lower winding of relay 220 to bat-
 tery. The energization of the lower winding of relay
1220 is effective for operating relay 220 through its first .
- step so that prehrnmary make contacts 224 are closed
~ thereby completing a circuit for energrztng the upper
50 .and lower windings of relay 220 in series over the fol-
lowmg circuit; from ground through break contacts 301_
“and 232 on relays 300 and 230, respectively, make. con-
tacts 224, and the upper and lower wrndmgs of relay_ |

220 to battery.

55 - In the manner similar to the ones- prevrously described
in the cases of relays 200 and 210, the extension of ground

from the operating circuit for the lower winding of relay

to mark the end of the impulse. Upon the removal

of the ground from the lefthand terminal of the upper '
Wludmg of relay 220, relay. 220 operates through 1ts

" second step. ‘The operation of relay 220 through its

~ ing the prevrously traced series circuit for the wrndlngs
- of relay 210 at break contacts 222. .

 utive times is effective in response to the release of
70 relay 210 for completing a circuit to energize the Tower
winding of relay 200 over the prevrously traced circuit.

described manner to close a circuit for energrzlng the

The closrng of contacts 101 a , second time i eﬁecttve

“relay 200, break contacts 214 on unoperated relay 210, |

~ energization of the lower ‘winding is effective to operate |
10 the relay 210 through its first step, thereby closing con-
tacts 212 but not operatlng the remamlng contacts on '_

- The third. successrve closmg of contacts 101 is efl'ec-.' |
40 tive in response to the operation of relay 210 through-its . -
second. step: for closing the following circuit for ener-

220 to the left-hand terminal of the upper winding of - ;
| :relay 220 is effective for shorting out that upper wind-
60 ing until such time as make contacts 101 are opened

"The closrng of nnpulsmg contacts 101 a fourth consec-

-Relay 200 operates through its first step in the prevrously -

‘upper- and lower windings of relay 200 in series from
_75 ground through break contacts 301 and 232 an uuoper- |

relays 369, 230 and 229, respectrvcly, make contact 212 o
on: relay 210, _and the upper  and lower windings of .

B

65 second step is effective for releasmg relay 210 by open- -
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-ated- relays 300 -and 230 respectively, the now operated
-contacts 221 on relay 220, make contacts 202 on relay
- 200, and the upper and lower windings of relay 200 to
‘battery. Relay 200 thereafter operates through its sec-
~ond ‘step in the previously: described manner after cop- -
‘tacts 101 open at the end of the impulse. 'The operation
-of relay 200 through its second step is effective for open-
-Ing the above described connection between the impuls-
ing contacts 101 and the lower winding of relay 200 .

at break contacts 205. Relays 200 and 221 are thereafter
held operated through their second steps so long as the

above traced holding circuits including contacts 223 on
- relay ‘220 are held closed: -

~~ The closing of contacts 101 a fifth consecutive time

_responsive to. the operation of. relay 200 through its

~second step is effective in the previously described man-

- mer for completing the energizing circuit for the lower

- -winding of relay 210 at make contacts 201. Relay 210

~theréupon operates through its first step in the pre-

- viously . described manner and closes an energizing cir-

~ cuit for the upper and lower windings of relay 210 in

-series as :follows: from -ground through break contacts

301 and 232 on unoperated relays 300 and 230 respec-

tively, make contacts 223, 201 and 212 on now operated

‘relays 220, 200 and 210, respectively, and the upper
‘and lower windings of relay 210 to battery. Relay 210

thereafter operates through its second step after contacts

101 open at the end of the impulse in the previously
~described ‘manner. * Relay 210 is held operated through

its ‘'second step so long as the above traced circuit in-

~cluding break: contacts 232 is kept closed.

‘At the conclusion of the fifth successive operation of

“the impulse repeating ‘means, relays 200, 210 and 220
“have been operated through a complete cycle of operated
combinations and are now held operated through their -

second steps. In response to this last of the series of
operated combinations, a circuit for energizing the lower
winding of end of cycle relay 230 is completed as follows:

from ground through preliminary make contacts 203 on
relay 200 and make contacts 213 and 225 on now op-
-erated -relays 210 and-220, respectively, break contacts
234 on relay 230, and the lower winding of relay 230
to battery. : The- energization of -the lower winding of

relay 230 is effective for causing relay 239 to be operated

- through its first step thereby closing preliminary make

contacts 233 and 235 and opening preliminary break
contacts 232 without operating the remaining contacts
of the relay.

The operation of relay 230 through its first step is

effective for opening the previously described holding

circuit for relays 200, 210 and 220 at break contacts 232,
thereby restoring the counting means comprising the
chain relays to its normal condition. The operation of
relay 230 through its first step also completes a circuit
for energizing the upper and lower windings of relay 230

~In series from ground through break contacts 301 on

unoperated relay 300, make contacts 233 on now oper-
ated relay 230, and the upper and lower windings of relay
230 to battery. | |

Chain relays 200, 210 and 220 are released to their
normal positions at substantially the same time. How-
ever, the preliminary make contacts 203 of relay 200

~which close in response to the operation of that relay

through its first step remain closed longer than the con-
tacts 221 and 223 of third chain relay 220 because the
latter contacts are closed in response to the operation of
relay 220 through its second step. Therefore, the open-
ing of contacts 203 signals the release of all the chain
relays. A circuit for preventing the operation of the

 end of cycle relay 1s maintained until contacts 203. hz-}ve
~opened. The latter circuit shorts out the upper winding

of the latter relay over the following path: from ground,

through make contacts 203 and 235 on relays 200 and

230, respectively, break contacts 234 on relay 230 to the
upper lefthand terminal of relay 200. Upon the open-

e

~ing of contacts 203, the circuit for energizing the wind-
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ings of relay 230 in series is rendered effective so that
relay 230 operates through its second step. - The opera-

tion of relay 230 through its second step is effective for

opening the circuit at break contacts 234 for shorting out

‘the upper winding of- relay 230, so that relay 230 con-
‘tinues to be held operated through its second step in the

face of a subsequent operation of the chain relays in the

combination representing the last of a cycle of counting
operations. R |

The operation of relay 230 through its second step
marks the end of a cycle of operated combinations of

-relays 200, 210 and 220. The latter relays, released in

the previously described manner, are now free to be re-
operated in the same predetermined series of unique
combinations in response to further successive operations

“of the impulsing means comprising contacts 101. In the

example chosen, it is seen that the first of the remaining
two impulses of the seven.is effective for operating relay
200 and that the second is effective for operating relay
210 which, in turn, causes the release of relay 200. Thus,

“at the conclusion of seven operations of the impulsing

means, chain relay 210 and end of cycle relay 230 are
in operated condition. | '
Returning to the impulsing means, during the time that
relay 100 is being intermittently energized, a circuit is
completed for operating shunt relay 120 by completing

~an intermittent energizing circuit for the winding of relay

120 at make contacts 102. Relay 120, being a slow-
release type, is held in its operated condition throughout

-the transmission of the previously described train’ of

impulses by relay 100. Upon the stopping of transmis-

~sion of the impulses, the operating circuit for relay 120

is opened at contacts 102 for an interval of time sufficient
to allow relay 120 to release. Marking means COmMpris-

-ing contacts operative in response to the release of relay
‘120, contacts rendered effective in response to the opera-

tion of the impulse-responsive chain relays, and the op-

eration of the end-of-cycle means comprising relay 230

are effective for selectively placing marking potentials

~on the output leads connecting the counting device of

Fig. 2 to the storage unit shown in Fig. 3. Thus in the

-case of the digit- 7 which has been chosen for demon-

stration here, the release of relay 120 and the operation
of relays 210 and 230 complete a circuit for placing
ground on the “2” lead that is traced as follows: from
ground through break contacts 121, 228 and 209 on
relays 120, 220, and 200, respectively, and make contacts
219a on now operated relay 2160 to the “2” lead: similarly
ground is placed on the “5” lead over the following cir-
cuit: from ground through break contacts 121 on now
released relay 120, make contact 237 on now operated
relay 231 to the “5” lead.

Means within the storage unit which are not shown
because they are not a part of the present invention are
operative in response to the above described selective
energization of the marking leads; these means are effec-
tive for storing the information transmitted from the
counting device and for thereafter energizing the winding
of reset relay 300. Relay 300 thereupon operates to
open the previously described holding circuits for the
chain relays 200, 210 and 220 as well as the end-of-cycle
relay 230 at break contacts 301 so that any operated
one or ones of the latter relays is thereupon released.
The release of the operated ones of the chain relays and
the end-of-cycle relays is sufficient to restore the count-
ing device to its normal condition and thereby render it
effective for counting the next chain of impulses trans-
mitted from the repeating means comprising relay 100
and contacts 101. |

While I have shown and described the specific embodi-
ment of my invention, other modifications will readily
occur to those skilled in the art. I do not, therefore,
desire my invention to be limited to the specific arrange-

ments shown and described, and I intend in the appended




o -_.--?clartns to cover- a]l modrﬁcatlons Wlthln the sprrrt and
= scope of my invention.- T - T .
- What is claimed is:

~1. In an impulse eountlng devrce impulsing means
train of anulses,' :

-operatwe in response to each of a
- means comprising a two-step relay effective in its second

. ~operated step for counting the number of operations of
means driven by said -

“.said impulsing means, sequential
- impulsing means havrng a-normal condition and opera-
 tive through a cycle of operatrons in response to succes-

‘sive operations of said impulsing means, said. seqnentlal

 “means being coupled to said relay and effective for-op-

~.erating said relay through its -first step -at. the end of ‘a
-cycle of operations, locking means normally effective for
| i-'_malntalnrng said sequential means in any -of its operated
- conditions, said relay operated through its first step belng
“effective for making said locking means. inoperative -in
.}order to restore said seqnentral means to normal. condi-

"~ tion, a circuit eompleted in response to ‘the operatlon of
- .said relay through its first step for thereafter causing said
~ ‘relay to- operate through its second step, and shortlng

" means operative -in response to- the operation of said

' sequential means to an operated condition for renderrng_
~ said circuit ineffective, whereby said ‘means including

-said relay is ineffective to register the number -of opera-

tions of said impulse responsive ‘means following the
- “operation of said relay through its first step until said

| seqnent1a1 means has been restored to normal condition.

- 2. The system set forth in claim'1 and having in

addition means operative in response to the operation of

' _--22,9;2_0‘,2_479_' |
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[ .

ing and operatrve through a second step in response to
“the energization of- said “first and second windings in
“series, loeklng means for holding: said cyehcally operatlng- |
means In. any one of its operated conditions, a- first circuit

-for energrzrng ‘said “first” winding, ‘a- second -circuit for
“energizing’ said. first and second wrndmgs in series, said

- sequentially operated means. in the last of the cycle of its
-operated conditions also belng operatlve for energizing
“said" first circuit, means responsive to the “operation of
" said relay through its first step for. rendering said locking
means in order to restore said seqnentrally operated
-_-'.means to ‘normal condition, .other means

I—n-l.

operative in
response to the- operation of said relay ‘through its- first

“step for completing said second circuit, and .said sequen-
tially operative means in an. operated condition being

15
- effective for shortlng out said second .winding,” whereby
“said counting means is -ineffective to regrster the number-
“of operations of said impulse responsive means following

“the operation of said relay through its first step until said.

sequentially operated means has been restored to its

normal condition:~ -~ e

4, ‘The claim set forth in olalm 3 havmg means .opera-

“tive in response to the operation of said relay through

its second step for rendering said locking means effective

25

whereby said sequentially operated means is rendered
effective f_ollowrng the operatlon of sa1d relay through its

- second step.

30"

“said relay through its second step for thereafter render-

- ing said shorting means inoperative. - S
3. In an 1mpulse counting device, 1mpulsrng means
-operative in response to each of a train’ of nnpulses

~ ~two-step relay, sequentially operated means - responsrve-
- to each operation of said impulsing means in combina-
tion with said relay for counting the number of operations

- of said impulsing means, said sequentially operated ‘means
“having a normal condltron and being -operative through

o a cycle of operations in response to certain successive
o operations of said impulsing means, said relay’ having-
first and second windings and being operative through a

0 1, 226,184

- 5. The system. set forth mn clalm 3 havrng means op- -
" erative in response to the operation of said relay through =
its second step for rendering said sequentially operated
means ineffective to short out said-second relay winding,

~ “ whereby said relay remains -operated through 1ts- second
step when said sequentially operated. means is driven
- through a seeond cyele of operatlons by sald nnpulsmg

II]E&HS |
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