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national Business Machines Corporation, New

. York, N. Y., a corporation of New York

' Appllcatlon July 29, 1943, Serial No. 496 562

19 Claims.

Thls inventxon relates to punching machines
and more particularly to: the type adapted to
. punch ‘cards for controlling tabulating and sta-
tistical machines. -

“The main object of the invention is to provide 5
a punching system in which a single punching
machine is capable of fulﬂlling the -sequential
punching requirements of more than one
operator. :

A still further object of the invention is to
selectively call the punching machine into opera-
tion in & sequence that corresponds to the opera-
tors’ - completion of their digit registrations.
This increases the: efficiency of output of- the
operator since ‘the operator may immediately
recommence setting-up digit registrations of the -
‘next data without awaiting completion of punch-
ing operations, " -

Another object of the invention is to coordinate
with a plurality of operators’ keyboard digit regis- 20
tration stations a punching machine with such .

10

high speed punching capabilities and character- —

istics. that it is able to -complete ‘punching of
- cards under control of two or more stored digit
registrations without holding up any operator.
* More specifically this object is attained by utiliz-
ing & punching ‘machine ‘in: which ‘the cyclic
operation -thereof is constant irrespective of the
number of denominationa.l card columns which
are punched. ;

In the present system the punching machine
shown is capable. when in commercial use of
punching cards at. the rate of one hundred per
minute and the cyclic operation of the machine
is so short relative to the time for digit setting
that punching operations are completed without
holding up the operators. . .

In .cohnection with the sequential operation
of the punching machine, a more specific object
of the invention is attained by causing each
operator’s :station - to transmit- a signal to the
sequencing unit which stores up the signals in
the same sequence-they are received from the -
operators’. stations, when' they are transmitted
dissimultaneously. - The sequencing .unit then
causes. the reading out of the digit registrations
to the punching machine in the. same sequence
that they are completed to thereby punch cards
in the same .sequence the signals are stored. up.
The sequencing unit: also. provides for punching
‘out of the digit registrations in a predetermined
order in the event that two or more signals are
transmitted simultaneously

Another object of the invention is the provision
in"each- operator’s station of two digit storage

80

devices, “one of which, the primary, is always 58

15

(Cl. 164—113)

associated with vhe keyboard of the associated
station -and is set up to represent the digit key
depressions. ~ The other storage device, or sec-
ondary, is associated with the punching machine
through the sequencing unit when the latter calls
it into operation and means is further provided
to effect a digit transfer from the primary stor-
age device to the secondary storage device. ‘This-

- transfer operation clears out the primary storage

device and it is then in condition for the reception

“of 'digit representations of the next data.

- A still further object of the invention isto con-
comitantly transmit a signal to the sequencing
unit upon ‘such-digit transfer operations, giving
an indlcation that when'the punching machine
has: terminated its cyclic operation the digit
registrations of a secondary storage device may
be read out if the sequencing unit determines that
such registrations should be picked up-and read
out.

~A still further -object of the Invention'is to

“effect a denominational shift- when digit regis-

trations are transferred from the primary storage
devices to the secondary storage devices. The
primary storage devices may be set up to repre-
sent' two different numbers which vary in de-
nominational size and in registrations of the
numbers beginning at the higher denominational.
digit of the number, the units digit will be entered
in an order - of the storage devices which varies
with the size of the number. The secondary -
storage  devices are associated with the punch -
selecting elements in such a way that the differ-
ent denominational orders of the punch select-
ing elements are always correlated with the same
denominational order of the secondary storage
devices. . The machine is provided with a de-
nominational shift mechanism which is variably
operated in order -that the digits transferred
from the primary storage devices will be trans-
ferred to the proper orders of ‘the -secondary
storage devices so that the number may be
punched in the correct denominational columns

. of the card. A dehominational shift mechanism

correlated with the primary and secondary stor-
age devices obviates the necessity of making a-
denominational ~ shift between the secondary
storage ‘devices and the punching machine.
Further objects of the invention which relate
more to details of construction but which should
be consxdered as relatively important objects is
to provide the operator with signal devices which
indicate erroneous operations and the condition
of the primary and secondary storage devices. '
One of such devices consists of a signal light




2

which indicates whether the secondary storage
device has been cleared and is now in condition
for reception of a digit transfer from the primary
storage device.

A second signal is provided to indicate to the
operator that the secondary storage device has
not yet been cleared out and such signal light
is illuminated for signal purposes each-time that
the operator attempts to make a transfer from
the primary - storage devices to the uncleared
secondary storage devices. A further signal
which has audible characteristics sounds: each

time that the operator attempts to make further

key depressions after setting up the digits of
. the bank number without depressing a manual
bar.

A more specific object of the Invention relates

to the skip circuit arrangement provided which
eliminates the necessity of the operator of punch-
ing the 0 key for denominational orders to the
left of the first significant digit. In this respect,
the operators’. speed is increased because un-
necessary key depressions are eliminated, al-
though as will be more -apparent later-on, such
higher denominational columns are, nevertheless,
punched to represent zeros. -
- In devising the. improved punching system,
particular attention has been stressed to the
elimination of operations by the operator which,
if performed, would decrease the efficiency of the
system. The automatic operation of the punch-
ing machine including all -of the incidental op-
erations performed therein such as card feeding,
punching, card ejection, etc., the operation. of
the sequencing unit in accordance with the.order
in which signals are fransmitted therein, elimi-
nation of unnecesgary 0 key strokes, the provision
of necessary signals, all facilitate and cause the
automatic operation of the system without at-
tention to such automatic operations by the op-
erator. In this system, all that is necessary for
the operator to do is to read the data, depress
the necessary digit keys, the manual bar and
to note the condition of the signals. 'The rest
‘of the operations are automatically performed.
By means of the high speed -characteristics of
the punching machine the operators .are not
held up for a moment and continue with -their
key depressions one after the other for successive
data derived from original records, such as
checks herein.. The speed of output is high and
the work progresses in an orderly manner with-
out favoring any particular operator, enabling
thelr output to be equal if they possess the same
degree of personal eficiency. : .

Other objects of the invention will be poin
out in the following description and claims and
illustrated in the accompanying drawings, which

disclose, by way ‘of example, the principle of
the invention and the best mode, which has been -

contemplated, - of applying that principle.
In the appended drawings: g
Figs. 1 to 12 inclusive when assembled accord-
ing to the diagram of Fig. 13 show the complete
wiring diagram for the machine. . .
Fig. 13 is a diagram showing the manner of
assembling Figs. 1 to 12 of the wiring diagram.
Fig. 14 is a perspective view showing the units
comprising the improved system. . This view
shows the three operator keyboard stations, their
related keyboards Ki, K2, K3, the  associated
digit setup units DS{, DS2, DS3, the sequencing
unit S, the punching machine P, the coordina-

tlon and details of which will be described here-

inafter.

Al N .
\
y . .

10

15

20

30

35

40

2,353,046

‘Fg. 15 is.a sectional view:of a simplified form
of keyboard which may be adopted for digit setup
purposes. .

“Fig. 16 is-a plan view of a-fragmentary portion
of & ‘tabulating card showing the particular
columns which are previously gang punched and
those which are punched by the punching ma-
chine P under ‘control ‘of ‘the digit -setup -units
DSI; DS?2, DS3. ‘

Fig. 17 is a timing diagram .of -electrical :con-

tacts in the punching machine.

GENERAL DESCRIPTION

The primary purpose of the present arrange-
ment is to increase the output of punching cards
under control -of an operator by providing a
digit setup ‘arrangement which will enable the
operator to make & subsequent digit setup in
one storage unit while the punching :machine is
punching a card under control ‘of ‘the previous
digit set up in the other digit setup unit. “This
increases the -output of an operator by enabling
the operator to be busy while the punching ma-
chine is- in operation for punching a card and
turther eliminates delays caused to the -operator
by feeding cards to the punching machine, eject~

_ing punch cards, and incidental operations-which

are effected in.punching machines. The above
objective is obtained by dissociating the operators
from the punching machine, storing the key de-
pressions in‘a relay circuit storage unit. In-order
that the operator need not ‘wait for completion
of a punching cycle to commence the setting up
of ‘the digit representations for.a new .card, ‘two
storage circuits .are provided, ccomprising ‘a pri-
mary storage unit which sets up. the digit repre-
sentations -by the keyboard :depressions, -and -a
secondary -storage circuit which controls - the
punching machine and to which the digit repre-
sentations in the primary unit are transferred.

. Hence the operator may immediately. store in-
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formation in the primary unit after the infor-
‘mation has been. transferred to ‘the secondary
storage unit and without waiting: for the Iatter
to ‘control the -punching “machine and ‘to be
cleared thereafter. ‘
-.The above description-is confined to the ar-
rangement for a single keyboard operator’s sta-
tion but the keyboard stations are preferably
duplicated so that the high punching ‘speed
capabilities of ‘the punching machine may be
economically utilized. The punching ‘machine
adopted -for the present system when. in com-
mercial use is capable of producing punched cards
at the rate of one hundred cards per ‘minute and
in order to utilize as much ‘as possible ‘the full
punching speed capacity of the machine the
single punching ‘machine is used to punch -all
the information set up by the .operators, Of
course, with fewer digit columns to be.set up
the‘time occupied by the operator will ‘be di-
minished and therefore the high speed capabili-
ties of ‘the punching machine can be ‘most e~
ciently utilized ‘by having ‘more keyboard sta-
tions. In other words, there is a proportion be-
tween the punching speed :capabilities of the
machine and the number of storage columns
which are to be set up by each operator. The
proper proportion will result in the most-efficient
operation of the system.
The complete system may be visualized as con-
sisting of the following units, all interconnected
by cable connections; the three operator assem-
blies each consisting of a table supporting a ten
key keyboard K (Fig. 14) and a primary and




"~ “lated ‘to his ‘or - her station.
maximum  output ‘and speed of :card: punching.
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secondary digit.setup unit DS !or each operator;

& sequencing unit 8 to:which-all the digit:setup-

units of the three-opérators’ stations-are -con=-

nected ‘by .cables,:and & high-speed punching ma=

chine P controlled by the:secondary storage units:

of the three-operators” stations, when selectively
called into operation by ‘the:sequencing: unit.:

The -obvious- difficulties involved in -causing: a-

single punching machine:to:punch under -control

of ‘digit representations stored in the secondary:

Loy from the: primm to the-secondary storage:
unit to:set:up the number in the. proper-columns

in-the secondary unit, following which:a readout

may:teke:place:from: the:secondary storage unit

B8

10

‘without - the -necessity. of :a: rurther denomina-
tional:shift,.

‘The:above is.a:general outline of: the system
-and :the description-of:the various  units which-
makeup the system-will now:be deseribed -with
a chapter devoted:to each-of ‘the-separate. units,

the.-description : being: presented : in “an‘.orderly

units: in any ‘random. sequence without ‘causing -

the operator: confusion .and ‘undue ‘delay or ‘hesi-
tation ‘requires the provision -of ‘the-aforemen-

tioned .sequénce unit. 'This unit receives signals:
©18.

from:the complétely set up storage units. and

‘determines the -sequence that the storage units

‘are tobe coordinated with the punching machine.

Therefore; when:signals ‘are received at random-
and in an invariable sequence, these signsls-are -
stored-up and. the -punching machine punches:
cards:in the same order that the signa.ls ‘Are-re=-
ceived. 'The possibility of receiving signals simul.:

taneously:is also provided for-in‘the sequencing
unit:by arranging the latter to cause punching of
the cards in:an invariable order determined by

three signals from .stations Nos. 1,2 and 3. will;
in ‘the: present: system ca.use punching out: ln
this named:order.

The “provision: for sequencinga-punching.s oper-
atlons ‘in:the-sequential ‘order that signals are
received enables. punching-of .cards in the :same

order the operators finish-their digit:setup oper--

ations.::Hence, no operator:is-favored and:there
is little or no-waiting by the: operators. for:the
clearing -out of the secondary storage units re-
'This enables the

‘A consideration of the:card form shown:in Fig.
16:indicates that it consists.of :a:number.of fields.

There are three:separately identified fields; one:
fleld comprising columns 1 to 8:and-such:columns:

represent common information and:they:are:pre-

viously gang punched. - The remaining cardcol-.

umns: to.be: punched consist of :two: fields, one

‘which represents the bank number and:the:other:
‘The ~'bank -number .and-
amount are on- the checks received by the bank.
and such checks are.read: by the operator to:de-.
termine the key depressions which should be made:
“for:punching a.card -to-represent this: informa--

the check -amount.

tion on the check.
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the: specific. circuit: connections made ‘in: the se-:
quencing “unit. ‘The:simultaneous reception of-
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manner-so-that: the complete operation of the
‘machine:will be.visualized by understanding the

‘detailed-description of . the constructlon coordi-
‘nation; and-operation of the:units.

KEYBOARD

The sbructure of the keyboa.rd for:each oper-
ator's station is:identical -and the arrangement

~will."be- described  in- connection - with: only: one, -
<referring particularly:to Pigs. 3, 14 :and 15, -'The
" ‘keyboard: is- of the tenskey: keyboard arrange-.

‘ment and any-conventional-arrangement will.suf.
fice for the purposes. :Referring to Fig. 15 the key:
caps 180:of the keyboard levers:project outside

-of ‘the’keyboard casing:for manipulation by the

-operator.and:the keyboard includes the:digit keys -
designated .0-9 for-effecting. corresponding  digit

-setups. ‘Inaddition to the digit keys 0-9 the key-

‘board-is provided with an “error key” 10 and-a
“manual’bar” 402 (Fig: 3).. 'When each digit-key
is-depressed it ‘closes its:related contacts 103 and: -

“by -mesans:of & bail 104 underlying all .of the digit

keys'0-9, bailcontacts 08:are closed upon each
‘depression:of ‘the:digit keys.. 'The contacts closed

-by-the :manual bar:and:the-error:-key. will'be re-

ferred.to:as the:description proceeds. 'The key-
‘boards-of ‘the three stations-are designated K,

K2 and:K3:in Pig. 14-and the: electrical: instru- :
mentalities.of each-keyboard Ki,; forexample (see

“Fig. :3),..comprisethose: enclosed ‘by:the ‘dotted-

lines-and:designated K1 in-Fig.:3.
By mesns-of ‘cables 106 (Fig. 14), electrical
connections:are made: between the electrical in-

45: strumentalities of the -keyboard -and other “in-

:strumentalities: provided: in the related . -control.
digit setup-unit:DS..
~'When :each -digit:key is -depressed it closes . a

_cfreuit'to be subsequently .described to- energize a8
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“A special circuit arrangement is provided which

eliminates the-necessity of the 0 key depressions:
in columns to.the left ‘of the: first significant.
digit-of both the bank number fleld and the:check"
amount fleld. It -will: be. obvious in those in=..
" stances -where  the denominationa] size  of -the:
number is:smaller than the-denominational col--
umns :provided. in -thestorage - circuit that the-
units  position .of ‘the number. will- consequently-
be placed:in some variable position in the primary:
storage circuit. In order:that the number may-
" be correctly punched it is obviously necessary to

provide some. means for. shifting the number in
columnar relation so that the units position: of

the number enters the units position of the-card,

the tens:in the tens: position, ete., in-addition to
which-it is desirable-to punch zeros: in the blank
columns: to the.left of the significant digit in
the highest denominational order. - ‘

Varjous:means ‘may be -provided -to -effect. this
but in the present arrangement the variable de-
nominational shift is effected in the digit trans-
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C1—1-are now-open, the.circuit-to the C2- relay

5.

DOAS: contacts; tothe:line - 141;

related relay KCB-KCS: (Fig.'3). ‘Current for the

-electrical instrumentahtles of all units is provided
by Unes: 118:and 1 11. .

“In:starting, the first. key depression causes E: %

seircuit to be-closed from line 110 through Ri—I-

‘contacts: now -closed, .through bail -contacts 108-
then: by a:line #12 through the contacts: ACI—I1:
nowiin. the: position:shown, through: relay -con--
tacts C2—T1-now:closed; to: relay:coil Cl, through
‘Relay contacts
C1 close: the-stick:‘contacts - to: provide:a: stick
cireuit: back to the line: 110, the. stick circuit ex-

“tending ‘through # contacts, wire . 112, bail con-
“tacts. 108, contacts:Ré—1.to line 110, ‘Relay Cli
.opens :contacts:Cl—7T.and closes:contacts: C1-—8.

"The closure .of «contacts  C1-—8 ~picks: up relay
ACI by:a-circult:from: line: 110, relay: contacts .-
RA—1, wire 113, through MBR4::contacts now in -

- the position shown, wire: 114, through relay con-

tacts.Cl—8, ACt relay, through DOAS3 contacts,
to line:44l. Relay. ACL now:being ‘energized
transfers.its :contacts ‘AC1—I.but: since contacts

-coil is :open;and the.latter is not energized during

“this:key -depression, whereas: relay: coil AT/ is

:and. remains. energized ‘by: reason:of its h stick
contacts, which stick ‘circuit‘extends through
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contacts Ac2——-2 relay contacts now closed ‘wire.
{14, relay contacts’ MBRI; wire: 113, Ré—1i-con-:
tacts to line:110.: Hence; when the bail contacts:
open upon. the release .of the depressed key, relay.

C1{ deenergizes but relay AC{ remains energized.
Upon the next key depression the: circuit:ex-

tends. from line:(10, through R&—| contacts, bail.
contacts 105, wire: 1.12, through ACI—1 contacts:

now -transferred, C1—T contacts now- closed, to
relay coil C2, DOA3 contacts, to line. 11L.. Relay

coil, C2 closes its h:stick: contacts:to provide &
stick circuit back to line 110 by .the stick circuit.
Relay coil- C2 .closes

previously traced for CI.
its contacts C2—8 to pick up AC2 relay coil.
Relay coll AC2 opens its contacts AC2—2 to open
the stick circuit of relay coil ACt but as contacts
ACI—{ transfer back -to normal position the

closure of the left contacts.will tend to complete -

a circuit to relay .Ct, which, however, is now
prevented by the opening of ‘contacts C2—1. It
is thus seen that upon odd key depressions relay

col] .CI is energized while upon all even key de-

_ pressions relay coil C2 is energized. -As will be
later explained; relays Cl, C2 have additional
contacts in -alternate ‘columns -of the primary

storage unit - with < contacts of Ci in .all:‘odd -

columns.and ‘with contacts ‘of C2 in all’ even
columns. - Thus; upon-the first:key-depression,
closure of contacts Cl—I (Fig. 4) provides an im-
pulsing: circult to column l of the primary stor-
age unit. -« -

The key conta.cts lll (Flg. 3) are closed by ‘the
respective digit keys -and upon closure ‘a circult

is extended from -line 110. through Re—i con=

tacts, through- bail contacts 108, through the re-

spective ‘'key contacts: 103 to the related relay
KC0—KCSY, one: relay for each key, which relays
are connected at their other side to-the line {11l
so ‘that & depression of a Key will energize its
KC relay- and- close its respectlve KC conts,ctsv
shown in Fig. 3. .-

When bail- 104. closes lts contacts IO! ‘a circuit
is extended-from-line 110, R4—1 contacts, con-
tacts 105,:wxre 112; joining wire {16 to relay:COM,
to line 'tk

from:line Fig-through contacts  COMI, through
the KC'contact or contacts riow closed; to ener-
glze relays Ki;'K2, K3 and K&, singly or in com-
bination, which: relay coils, it will be noted, ‘are
commonly connected at their other side to the
line ‘t14. It will be noted that some of the KC

relays close. only one: pair of contacts, whereas:
others. close two -or: three pairs -of contacts and'
such contacts are wired to the KI—K# relays to-

energize the K{—K#& relays singly or in‘combina-

tion, according to‘the- ‘code: shown in- Fig." 3.-
Hence, the KCI—I to KC!—I and 2 and 3 con=-

'Relay’ COM:transfers its contacts:
COMI (Fig. 3) and thus a circuit is -completed
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contacts (Fig 6) 1n column 12 The same ls true
for the other K2, K3, K4 relays so that for each
key depression contacts closed by the selected re-

‘lays will.be closed .in all of the twelve columns

of .the storage units upon each key depression, . -
It will be seen from Fig. 4 that for column 1
relays §1,/12, 13 and 14 are selected for energiza-
tion -by closure of. respective contacts Kl—I,
K2—1, K3—i, K&—I{. Similar relays are pro-
vided for each column.of the primary storage
unit, the relays 2{—2#4 for column 2 being pro-
vided; 31—34 for column 3; etc. The tens (and
hundreds) digit is provided to indicate the col-
umn number and the units digit to indicate the
relay number in that column. Hence, 52 indi-
cates relay: 2 in column 5; 114 indicates relay 4
Therefore, closure of Ki—K4 re-
lay. contacts in. the storage column energizes
relays {—4 singly or in combination but only in
the storage column selected for a digit setup are
such contacts effective for digit setup. Upon the
first key depression Ci—I (Fig. 4) contacts are
closed: so that an energizing circuit for relays

| |—I14 of storage column' 1 is provided from line

116 through relay. contacts DOA2 now closed
(Fig.-3), wire 117, through AS3 contacts (Fig. 4) -

_now closed, Bl contacts now closed, Cl—1I con-

tacts now closed; KCOI contacts now in the posi-

-tion shown, to the particular Ki-—K4 contacts

now closed, to the selected ({—I{4 relays, to wire
118, wire {19, thence through DOAS contacts now

closed (Fig. 3), to.the line {1l..

Having been energized, the relays {i—I14 are

.- held energized as follows: It will be noted that
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relays i—4& in each unit are of the double type,
consisting of a pickup coil P and a hold coil H,
with the contacts in serles with the H coil marked
h being the conventional stick contacts which
are closed when the pickup winding is energized.
The - stick circuit- for: relays- |i—1i4 extends
through ‘the hold “coil, its A contacts, wire (17,
through DOA2 contacts, back to line-1i0.

It will be noted that from the line 117 a wire
120 «(Fig. 4) is.connected to one side of each of
the relay contacts 4 f{—f, 12—1, 13—1 and 14—I
and: with ‘one of such contacts closed a-circuit-
will be closed to energize a column relay A.- Col-
umn relay A, being energized, closes its h stick

- contacts to close a stick circuit for relay A which
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tacts energize the” KI—K# rélays ‘singly “or in

combingtion.” The -depression of the “0” key ener-
gizes a KC0 relay but the’ latter does not close any

contacts to energize a KF to K4 relay Its ‘fune=
tion will: be ‘later described. ' Howéver, the *“0”:
key does -close bail’ contacts 108 to energize re-’

1ays Cf, or C2, depending upon whether the key

sion.

It will be noted that to lllustrate the presenti
invention twelve storage columng 1-12 for the

primary unit are shown but the number may be
varied. ' It will be ‘observed, then that by the de-

pression of the “1” diglt key, for example, relay

K[ is energized to close its contacts in the im-
pulse circuit of each storage. column, closing.

60

85
depression-is an odd or even number key depres- '

extends back to line {10 through h contacts, wire '
120, wire {11, DOA2 contacts, back to line (i8.
Relay coil A closes its contacts A2 and prepares
storage column 2 for entry of a storage impulse
upon the second key depression, the impulse now
being directed through K{—2, K#—2 contacts to
energize relay coils 21-—24. It will be noted that
the stick circuit for these relays also extends by
wire {17 back to line {110 through DOA2 contacts.
While relay: contacts A2 -in storage-column 2

‘are closed the digit impulse on the first key de-

pression.cannot be transmitted to energize relays
2{—24-0of the column 2 even though Ki--2,
K&—2 contacts of storage column -2 are closed
because the C2—{ contacts. of storage column 2
are now open. -However, on the second key de-
pression relay coll C2 energizes to close contacts
C2—1{ and the second storage column will be set
up: and in.this case relay coil B energizes by a

_circuit similar to that previously described to

70

open Bi contacts of the first storage column to
prevent erroneous setting up of column 1-on sub-
sequent odd key depressions. Relay coil B closes
its B2 contacts in column 3 of the storage unit,

rprepa.rlng it to receive -the third digit setup.
Ki{—Ii contacts (Fig, 4). for column 1, to Ki—12 {1

Relay coil C energizes upon the digit setup in

| | | ;
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column 3, opening contacts Cl to prevent a digit
setup in column 2 and closing contacts C2 pre-
paratory to a digit setup in column 4. In the
same manner diglt setup ensues for the twelve
storage columns, - ‘ s

It should be noted that when the 0 digit key
is depressed, relay KCO Is energized as previ-
ously described and this will result in the transfer
of its contacts, such as KCOl (Fig. 4) for column
1 and the impulse for storage column 1 will not
be directed to any.of the relays |1—Ii4& because
none of the contacts Ki——1 to Ké—{ are closed
but such impulse will be directed to relay coil A,
due to the transfer of contacts KCOfi. Hence,
relay coil A will function in the same manner as
it does when there is a digit setup for the relays
11—14. A similar circuit closure is made in any
storage column upon the depression of the 0 digit
key, resulting in the energization of its related
storage column relay A—L, inclusive.

A spacing procedure may then be. generalized
by saying that as one column is set up it par-
tially completes the pickup circuit to the column
of the next higher order and breaks the pickup
circuit to the column previously set up. The
purpose of the alternating relays Cf and C2? is
to prevent the ‘previously described closure of
an A, B, C, ete., contact in the next lower column
from causing an undesired progression in that
column. It should be noted that for column 12
(Fig. 6) the impulse is directed from the wire
#17 through K2 contacts now closed, C2—6 con-
tacts now closed because this is an even num-
bered column, thence through the KCOI12 con-
tacts now in the position shown, to select relay
coils 121—I24 for energization, depending upon
the particular Ki—KA4 relays energized. In this
storage column, relay coil L is energized to open
contacts LI to prevent an undesired digit setup
in column 11 when column 12 is being set up.

CARD FORM

A consideration of the card form illustrated in
Fig. 16 shows that a portion of the card to be
punched consists of twenty card columns of which
columns 1 to 8, inclusive are prepunched, pref-
erably by gang punching to indicate common
data for a series of cards. The remaining card
columns 9 to 20, inclusive are punched under
control of the storage columns 1 to 12 of each
station. Card columns 9 to 20, inclusive, are sub-
divided into two flelds, columns 9, 10, 11 and 12
presenting the paying bank number which is in-
dicated on the check. The amount of the check
which, of course, is taken from the check is
punched on the card in columns 13 to 20 under
control of storage columns 5 to 12.

Of course, the bank number and the check
amount may vary in the number of significant
digits which comprise each amount, and by the
present novel digit shift arrangement it is pos-
sible to punch the numbers in the correct de-
nominational relationship on the card and in the
proper columns thereof without requiring the op-
erator to punch the zeros at the left. Thus, if
the bank number consisted of only two digits
these are set up in denominational columns 1
and 2 but by a denominational transfer means to
be subsequently described card.columns 11 and 12
are punched to represent the tens and units of
this two-digit number. Depression ¢f the 0 digit
key is unnecessary and therefore time is saved
in this elimination. Correspondingly, for the
amount fleld which may vary in the number of
digits, if the amount is $80.26, for example, the
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5
operator omits punching of the four zeros ahead
of the amount and sets up only 8026, Later when
the amount is transferred to a secondary stor-
age unit the denominational transfer means
shifts the amount to the proper position in the
secondary storage unit and when punching is ef-
fected under control of this unit the digits will
be punched on the card in the proper column po-
sition. . . : . )
In the event that the bank number consisted of
less than four digits the operator depresses the
manual bar 102 after the last digit key depres-
sion. ‘This automatically conditions the impuls-
ing. circuits and upon the next key depression
storage column 5 will be set up. Hence, inter- -
vening storage columns will' not be set up. .‘There
will now be described the circuits which are op-
erative upon depressing the manual bar 102 after
the bank number has been set up in the storage
columns when it consists of one, two or three
digits. o :

When the manual bar is depressed,.contacts
MBRI (Fig. 3) are transferred, closing a circuit
from line 110, through R4—I contacts now closed,
wire 113, MBR{ contacts now transferred, wire
125, E4 contacts now in the position shown be-
cause storage column 5 has not yet been set up
to energize relay E (see Fig. 5), thence through
the A5 contacts now closed, to the pickup coil of
relay coil AS, to line f11. The A5 contacts are
closed because column 1 has already been set up
to energize relay A and such contacts are safety
contacts to prevent unwanted energization of the
relay coil AS in the event that the manual bar is
accidentally depressed prior to setting up storage
column 1. The pickup coil of AS closes the stick
or k contacts of the AS relay and a stick circuit
is provided back to the line 110 through such
contacts and a wire 126. It should be noted that
the other side of the hold coil of AS relay is con-
necteéd to the line {11 through the DOAS3 con-
tacts, causing AS relay to be held energized until
the DOA relay is energized to break the stick cir-
cuit for such relay. As will be subsequently .de-
scribed the purpose of the AS relay is to advance
the digit impulsing circuit to storage column 5
or the first column of the amount fleld and to pre-
vent such digit impulses from being transmitted
to one or more of the storage columns pertain-
ing to the bank number field which have not been
set up so that subsequent digits will not be set
up therein, o ‘

Depression of the manual bar has the capabil--
ity of conditioning the relays Cl and C2 to the
end that they can be energized in the proper al-
ternating sequence upon setting up the. diigt in
column 5 in the event that the last digit setup
in storage columns 1 to 4 would not permit the
proper sequence. This will-be made clear when
it is assumed that the bank number contains
three digits and after the third digit setup. in
storage column 3 relay AC! (Fig. 3) would be in
an energized: condition. If relay ACI was per-
mitted to remain energized the next operation of
a digit key for storage column 5 would be treated
as an even setup and rélay C2 would energize.
If there had been two digits in the bank number
fleld, relay ACI at the end of the two-digit setup
would be in a deenergized state. It iS thus seen
that an inconsistency could result if it were not
for the fact that relay ACI is returned to a de- -
energized condition before the start of setting up
of digits in the amount representing storage col-
umns. Hence, the depression of the manual bar
102 transfers the MBRI contacts and by opening”’
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the upper contacts it will be observed that the
stick eircuit for the ACI relay is broken and such
relay is therefore deenergized and upon the next
key depression Cl relay coil will be picked up,
which is proper for storage column 5. Hence,
upon the depression of the digit key after depres-
sion of the manual bar, the impulse circuit will be
directed by wire {17 (Fig. 5) through Fl con-
tacts now closed, AS8 contacts now closed be-
cause AS relay was previously energized and held
energized, thence through Ci—3 contacts now
closed, and the impulse will be transmitted to
relays §1—54 in accordance with the particular
KI{—K4 relays energized upon the depression of
the digit key. )

It will be seen, therefore, that the energiza-
tion of the AS relay opens contacts AS3, AS#4
and ASSH (Fig. 4). Taking the extreme case
where only storage column 1 has been set up the
depression of the manual bar after such digit
setup will cause contacts AS4 and ASS to -open.
Therefore, the impulse transmitted by the de-
pression of the digit key following depression of
the manual bar will be transmitted to storage
column 5 as just explained but due to the open-
ing of contacts AS4, and ASS, this impulse can-~
not be transmitted to either storage column 2
or storage column 3. Of course, since relay coil
C2 has not been energized because Ci is ener-
gized when storage column 5 is set up as just
explained, C2—2 contacts for storage column 4
will be open and therefore storage relays 41—44
cannot be energized when storage column 5 is
set up. FPurther, it will be seen that when the
operator depresses one of the digit keys for set-
ting up storage column 6, this impulse cannot be
transmitted to storage column 4 because while
the C2 relay coil is energized to close contacts
C2—-2 when digit setup is made in column 6, re-
lay coil E has been previously energized in ef-
fecting the digit setup for column 5. Hence with
El contacts in storage column 4 now open, the
impulse cannot be transmitted to storage col-
umn 4 and only storage column 6 will be set up.

Summarizing, it is only necessary for the oper-
ator to effect key digit setup operations for those
storage columns of the bank number fleld which
correspond to the significant digits. The depres-
sion of the manual bar will skip the intervening
columns and condition the circuit so that the
next digit setup will be in column 5. An im-
proper digit setup of the storage columns of the
bank number field which have not been set up
will be prevented. Of course, the greatest saving
in time transpires when the digit setup for the
bank number consists of only one digit and hence
three key strokes will be saved even though the
time saved will be decreased by the time con-
sumed in the stroke for the manual bar. How-
" ever, when a large number of storage columns
are allocated for the bank number fleld and only
a relatively few digits are necessary to be set up,
8 much greater saving in time results.

SETTING UP DIGITS OF AMOUNT REPRESENTING
FIELD

Upon setting up of the first digit in the amount
representing field beginning at storage column 5,
the operator depresses the digit keys in succes-
sion, making a digit setup in the successive stor-
age columns corresponding to the significant
digits of the amount. However, as previously ex-
plained, digit keys corresponding to the signifi-
cant digits of the-amount are only depressed.
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second manual bar depression is made which sig.
nifies the completion of the storage oberation
and conditions circuits now to be described.

With E4 contacts now transferred because a
digit setup has been made in column 5, the sec-
ond depression of the manual bar 102 will com-
plete a circuit from its lower MBRI contacts,
wire 125, relay contacts E4 now transferred,
through BRI contacts now closed, through AS|
contacts now closed because the first depression
of the manual bar has energized the AS relay,
to the pickup coil of relay MBC, through DOA3
contacts, to line 1il. The pickup coil of MBC
closes the & stick contacts and the stick cir-
cuit is extended from such contacts to line {10
by wire 128, Energization of relay MBC will close
the MBC3 contacts and when manual pressure
on the manual bar has been released MBRI con-
tacts will come to normal, thereby closing a cir-
cuit from the upper contacts, wire ii4, through
MBC3 contacts to the MBR relay to line Ii1.
At this stage of the operation relays AS, MBC
and MBR are held energized.

TRANSFER TO SECONDARY RELAY STORAGE CIRCUIT
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The foregoing describes the manner in which
the desired information has been completely
stored in the storage columns to set up the digits
of the bank number and amount of the check.
Due to the fact that punching requires an appre-
clable time, if it should be arranged that punch-
ing operations take place under control of the
storage columns and particularly by reason of the
delays Incident to the use of the same punching
machine by three operators as in the present em-
bodiment, it is desirable that a storage circuit be
immediately available to the operator for ef-
fecting a digit setup for the next data without
the necessity of waiting for punching of the card
of the last digit setup. In the present machine,
to make a primary storage circuit immediately
avallable to the operator, a secondary relay stor-
age circuit is provided and the latter is adapted
to control the punching machine whereas the
primary storage circuit is always utilized to ef-
fect the digit setup under control of the digit
keys operated. In general, after completion of a

© digit setup in the primary storage circuit a digit
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transfer takes place to the secondary storage cir-
cuit which then retains the digit setup, following
which the primary storage circuit may be de-
energized and made available for digit setup of
the next data.

When MBR relay is energized upon the second
depression of the manual bar to attempt a digit
transfer it closes its contacts MBR2 (PFig. 3),
closing a circuit from line 110, through DOB{
contacts now closed, wire 130, through MBR2
relay contacts now closed, Ri—I[ contacts now
closed, R3—{I contacts now closed, relay Ti,
thence by a wire 131, a wire 132, through DOB2
contacts now closed, to the line {14, This same
impulse is directed by wire 134 to the R{ relay
to energize the same to close the Ri—I contacts.
The circuit for energizing Ti is completed, how-

. ever, only if & certain requirement has been met;

70

After the last digit of the amount is stored, a 75

that is, the secondary storage circuit must have
been cleared of previously stored information and
the storage relays thereof should have been de-
energized. If the secondary storage circuit is
cleared out and if it is not in the course of being
deenergized to be cleared out, then the closure
of contacts Ri—I1 and R3—1 in the energizing
circuit of relay T{ will permit the energization
of the latter. The energizing circuits for relay

i .
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R3 which through its contacts controls the ener-
gizing circuit for relay T| will be more clearly
described later on,

The secondary storage unit for receiving a digit
transfer from columns 1, 2, 3'and 4 of the primary
~ storage unit to designa.te the bank number is

shown completely in Fig.7. Each storage column
of the primary storage unit closes contacts in
the circuits of the storage relays of the secondary
storage unit-and in the secondary storage unit
for the bank number there are four columns of
four storage relays, each corresponding to the
relays in the primary storage circuit. For exam-
ple, for storage column 1 in the primary storage
unit there are relays ({, 12, 13, 14 and in the
secondary storage unit there are relays (11, 112,
113, 114 which will be energized under control
of the corresponding relays in the primary stor-
" age unit provided that four significant digits have
been set up in the primary storage unit. As will
be made clear later on, this is not always the case
becguse, since the four groups of storage relays
in the secondary storage unit are always allo-
cated for controlling the recording of the same
card columns, this is not necessarily true of the
storage columns of the primary storage unit.
The number of storage columns in the primary
storage unit that are set up is dependent upon
the number of digits set up. Of course, in setting
up the digits in the primary storage unit, the
units position of the number will consequently
be placed in some variable position in the primary
- storage circuit since the operator in depressing
the keys depresses them in an order beginning
with the digit of the highest dénominational

7

line {33, One side of all the “2" contacts of all
primary storage relays are connected to this im-
pulse line (33 and impulses will be directed under
control of the previously closed “3” contacts to
the corresponding relays of the secondary storage
with which latter are connected to the other line
side 110 by line 132 (Pigs. 7,6, 5, 4, 3 in the order
named), through DOB2 contacts now closed to
line #11. The relays of the secondary storage

10 unit when energized provide a stick circuit for

retaining them energized until they have been
utilized to control punching operations through
their respective stick contacts %, the stick circuit
then extending back to the line 110 by wire 130

15 (Figs. 17, 6, 5, 4, 3.in the order named), through

DOBI contacts, back to line (10.

In like manner, and at the same time, every
storage column of the secondary storage unit
will have its relays energized to correspond with

20 the storage relays previously energized in the

primary storage unit. 'Thus, shortly after the
energization of the T relay there will be stand-
ing in the secondary storage unit exactly the

* same. information as that standing in the pri-
25 mary storage unit, A different condition is ob-

tained, however, in the setting up of the sec-.
onda.ry storage unit when less than four digits
are set up in the primary storage unit and the
aforesaid denominational transfer operations

g0 take place and are variably effected in accord-
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order. For example, in setting up a 4-digit num- .

ber, storage column 4 represents the units where-
as in setting up a 2-digit number, storage column
2 represents the units, etc. Therefore, in order
that the number may be punched in the correct
denominational position in the card, it is ob-
viously necessary to provide some means for
shifting the number in columnar relation so that
the units position of the number enters the units
position of the card. This denominational shift
is effected during the transfer operation between
the primary and storage units, following which
recording operations may take place under con-
trol of the secondary storage unit without the
necessity of any denominational shift between
the secondary storage unit and’ the punching
mechanism.

As the storage relays in the prlmary storage
unit are energized and held energized, their re-
- lated “2” contacts in the secondary storage circuit

(see Fig. 7) will be closed, That is to say, for

storage column 1 in the primary storage unit,
relays {1, 12, 13, 14 will close their respective
contacts ll-——2 I2—2 13—2, 14—2 (Fig. 7) and
in accordance with the energization of the relays
. singly or in combination; the “2” contacts will
be closed singly or in combination so that when
later an impulse is directed to the secondary
storage circuit, such contacts will transmit- im-
pulses to the corresponding relays (1§, (12, {18,
144, if four digits are set up. Therefore, after
a storage column in the primary storage unit
has been set up the related contacts in the sec-
ondary storage unit will be closed and held closed.
Upon the second depression of the manual bar,
provided the conditions previously described are
obtained, T relay will:be closed to close its T1—I
contacts (Fig. 7), thereby completing a circuit
from line 10, through DOA2 contacts (Fig. 3)

wire 111 (Fig. ) Ti—I contacts, to an impulse

ance with the number of digits set up in the
primary storage unit. This can best be illustrated
by reference to the following table: .

Dlnoumuromx, TRANSFER FOR BANK NUMBIR

Relays
No. of digits set Srelay | Relays set up To punch
up in primary. | energized| . in primar; ::(:)‘,: ill.‘y card
storage columns storage unit storage unit columns
Thousands.._... 11-14 thous.__. 111-114 | @ thous,
S1 21-24 hund.._. 221-224 | 10 hund.
31-34 tens_ ___.. 331-334 | 11 tens.
4144 units____ 44]1-444 | 13 units
11-14 hund..__ 1-224 | 10 hund
21-24 tens. ____ 331-334 | 11 tens.
31-34 units. _ 1-444 | 12 units
{11—14 tens_._.. 331-334 | 11 tens.
21-24 units. ... 441444 | 12 units
11-14 units___. ~444 | 12 units.

From the preceding table it will be observed
so that when three digits are set up the units digit
is represented in relays 31—34 and occupies & dif-
ferent position in the primary storage unit than
when four digits are set up therein. When two
digits are set up in the primary storage unit, the -
units digit position is determined by a different
set of ‘relays and, of course, when a single digit
is set up in the primary storage. unit the first
set of relays (1—{4 represents the units posi-
tion. - With such variable position of the units
digit and, of course, the tens and hundreds digit,

;under control of such primary storage relays

the secondary storage relays which cause punch-
ing in the proper denominational position should

. be selected. Hence, it will be seen that for set-
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ting up 1, 2 and 3 digits in the primary ‘storage
columns the relays set up in the primary storage
unit’ select through their closed contacts relays
of the secondary storage unit different from
those which would have been selected if four -
digits were set up. This variable selection-is
necessary because the relays in the secondary
storage unit have a Dredetermined and un-
changeable relation to the instrumentalities for

punching the card columns and when a- storage

relay in the secondary unit is selected it will
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cause punching in the denominational position
corresponding to the denomination of the sec-
ondary storage relay. :

The selection of the relays of the secondary
storage unit is determined by a serles of select-~
ing relays Si, S2, 83 and S& (Fig. 7) which, when
energized, close their respective contacts.

Referring to Pig. 4 the circuit for energizing
the S relays is shown and when four digits are
set up, column relays A, B, C and D are ener-
gized and hence with MBR4 contacts now closed
the circuit will be closed from line 110, through
DOA2 contacts now closed, wire (17, MBR4 con-
tacts, thence serially through the A3, B3, C3, D3
contacts now transferred to select the Si relay
for energization, thence from such relay, by a
wire 135, to line ‘{{l., With the Sf relay ener-
gized, all of its contacts shown in Fig. 7 will be
closed and relays in the secondary storage unit
will be selected which will cause the card to be
punched in the proper denominational position,
However, if three -digits are set up, only the
A, B and C column relays (Fig. 4) will be ener-
gized and the 82 relay will be selected for ener-
gization. Hence, the relays set up in the primary
storage unit will, by virtue of the now closed
contacts of the S2 relay, select other relays of
the secondary storage unit in accordance with
-the preceding table,

When two digits are set up-the S3 relay will
be energized and the relays to the secondary
storage unit will bé selected according to the
previous table so as to punch the digits in the
tens and units order in the proper card column
positions. With only one digit set up in the pri-
mary storage unit, the 84 relay will be selected
and by virtue of its “2” contacts the (l—i4
relay will select the 44i—4&44 relay of the sec-
ondary unit and this, of course, will always cause
punching in column 12 which is the card column
for representing the units digit.

SECONDARY STORAGE UNIT FOR CHECK Axom:r

As {llustrated in Figs. 8 and 9, the secondary
storage unit for the check amount includes eight
groups of secondary relays corresponding to the
eight groups of primary storage relays for the
digit setup of the check amount. The primary
storage relays close their respective “2” contacts
shown in the upper part of Figs. 8 and 9 and in
accordance with the particular contacts which
are closed, the corresponding secondary storage
relays will be energized by the same impulse cir-
cuit described in connection with the secondary
storage unit for the bank number. Whenever
a secondary storage relay is energized it will close
(its h contacts and the energized storage relay
will be held energized.

Summarizing, upon the second depression of

the manual bar a corresponding check amount

digit setup will also be effected in the secondary
storage relays to represent the digits of the check
amount set up in storage columns 5 to 12. '

DENOMINATIONAL TRANSFER IN TRANSFERRING DIG-
ITS OF  CHECK AMOUNT FROM PRIMARY. STORAGE
UNIT TO SECONDARY STORAGE UNIT

In the same manner as described for transfer
operations for the bank number, a denomina-
tional transfer will be effected when the digit
setup of the check amount is made in the sec-
ondary storage relays, due to the fact that a
variable number of digits may be set up in the
primary storage relays and because the storage
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denominational relationship with the punch re-
cording magnets for punching columns 13 to 20
of the card (see Fig. 16),

From a comparison of Fig. 7 with Figs 8 and
9, it will be observed that the circuit arrange-
ment for effecting this variable denominational
transfer is the same as has been previously de-
scribed in detail except that for the denomina-
tional transfer for the secondary storage relays
the shift circuit is extended due to the fact that
eight digits may be set up in the primary stor-
age relays. In accordance with the number of
digits set up in the ‘primary storage unit the S5
to S12 relays are energized by the selective cir-
cult arrangement shown in Fig. 4 and in accord-
ance with the particular column relays E—L
which are energized, depending upon the number
of digits set up, one or more of the “3” contacts
will be transferred to thereby cause the energiza-
tion of 'a selected relay S5—S12 by the circuit
connection previously described. For example,
when eight digits are set up in the primary stor-
age relays, all of the “3” contacts of the column
relays E—L will be transferred to energize 85
relay and when a single digit is set up only E

" column relay will be energized and by transfer-
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relays of the secondary unit have an unchanged 78

ring its contacts will -select the S12 relay. The
intervening relays will be selected for energiza~
tion when digits between 1 and 8 are set up in
the primary storage unit, The particular man-
ner in which the contacts closed by the S8—S12
relays cause the denominational transfer has
been previously described in detail for the Si—
S4 relays, and the operation in Figs, 8 and 9 is
precisely the same. It is thought that further
explanation is unnecessary at this point and by
reference to the following table the variable de-
nominational transfer from the primary storage
relays to the secondary storage relays to punch
the proper card columns will be apparent from a
consideration of the following table:

CHzcx AMOUNT DENOMINATIONAL TRANSFER

No. of digits 8 5 Relays
set up in rela Relays set up in | setupin To punch *
primary mery_ primary storage | secondary card
storage ized unit storage oolumns
columns | ¥ unit
(Téns mil_._ 51-54 tens mil.___ 151-154 | 13 tens mil.
Millions. ... 61-84 milllons. ___| 161-164 | 14 millions.
Hds. th____ 71-74hds. th_____ 171-174 | 15 hds. th.
8 Tens th.._. a5 81-84 tensth__ ... 181-184 | 16 tens th.
Thous___.. --=-1)91-~84 thous__...__ 191-194 | 17 thous.
Hundreds . 101-104 hds... ... 1,101-1, 104 | 18 hunds.
Tens.__.... 111-114 tens____._ 1,111-1, 114 | 19 tens.
Um'ts ...... 121-124 units.___. 1,121-1, 124 | 20 units.
Millions_ . 51-54 millions__ .. 161-164 | 14 millions.
Hds. th.__ 61-64 hds, th_..__ 171-174 | 15hds th.
Tensth.... 71-74 tens th___ . 181~184 '| 16 tens th.
7{'Thous. ... 96....{{81-84 thous_._____ 191-104 | 17 thous.
01-94 hds.._.__._| 1,101-1,104 | 18 Hunds,
101-104 tens_..__. 1,111-1,114 | 19 tens.
111-114 units____. 1,121-1,124 | 20 units.
51-54 hds. th_____ 171-174 { 15°hds. th.
6164 tensth_____ 181-184 | 16 tens th.
Py Thous__... a7 71-74 thous..___._. 191-164 | 17 thous.
Hundreds - ----{181-84 hds.._..._._| 1,101-1, 104 | 18 hunds.
....... 91-94 tens....._..| 1,111-1,114 | 19 tens.
Units ______ 101-104 units. ____| 1,121-1,124 | 20 units.
Tensth__.. 51-54 tens'th_____ 181-184 | 16 tens th.
Thous. ... 61-64 thous...._.. 191-194 | 17 thous.
& Hundreds .{98_...{471-74 hds.. 1,101-1, 104 | 18 hunds.
Tens...__.. 81-84 tens. 1,111-1,114 | 19 tens.
Units._.__. 91-94 units 1,121-1,124 | 20 units.
Thous. _.__ 51-54 thous._____ 191-194 | 17 thous.
4 Hundreds . ) 61-64 hds_._.____. 1,101-1, 164 | 18 Hunds.
“mem 17174 tens. o] 1,111-1,114 | 19 tens.
i 81-84 units _.{ 1,121-1, 124 | 20 units.
- 51-54 hds__ _-| 1,101-1,104 | 18 hunds.
S10...[<61-64 tens. _. .t 1,111-1,114 | 10 tens.
71-74 units 1,121-1, 124 | 20 units.
S1t {51—54 tens. .. _| 1,111-1,114 | 19 tens.
---1161-64 units 1,121-1,124 | 20 units.
S812...| 51-54 units.._.__: 1,121-1,124 | 20 units.

Summarizing, upon the second depression of

_




2, 353 046

the manual bar there is a transfer of the digit
representations in the primary storage unit to
the secondary storage unit and such digit rep-
resentations are properly allocated in a denomi-
national respect,

DEENERGIZATION OF PRIMARY STORAGE RELAYS FOR
SUBSEQUENT SETUP

Immediately following the transfer of the dlgit
representations in the primary storage unit to

10

the secondary storage unit, the relays of the -

former can now be deenérgized and: brought to
their normal deenergized condition preparatory
to subsequent storage operations eﬂected by de-
pressions of the digit keys according to the next
data, The circuits for bringing about this status
will now be described:

A repetition of the.previously described cir-
cuits will facilitate understanding of these newly
described circuits. It will be recalled that upon
the second depression of the manual bar 102 the
MBC relay is energized and is still energized
when the manual bar is released. This release
of the manual bar picks up the MBR relay for
energization becduse the MBC3 contacts (Fig. 3)
are now closed. With the MBR2 contacts now
closed the relay T is energized providing R3—1
contacts are closed. )

In the newly described circuit, the energiza-
tion of the T relay closes its T1—3 contacts and
since the R5—I contacts are now closed it will
be observed that a circuit is closed from the line
110 through DOBI contacts, wire 130, through
Rb—1 contacts, through TI—3 contacts to the
R2 relay, wire 131, wire 132, DOB2 contacts to
the line {If. A stick circuit for the R2 relay
is provided by its h contacts and the stick circuit
extends back to the line (10 by wire 145, wire
130, and DOBI contacts now closed. Relay R2
now closes its R2—{ contacts and by. the circuit
Just described for picking up the R2 relay the
R3 relay is now energized. The R3 relay opens
its contacts R3—I1, deenergizing the TI relay

which terminates the impulse for transferring:

the digit representations from the primary stor-
age unit to the secondary storage unit. The se-
quential energization of relays R2 and R3 pro-
vides a delayed impulse to deenergize the T1 re-
lay, providing a - transfer impulse of sufficient

duration to completely energize the secondary.
storage relays, such relays now being held ener- -

gized by virtue of tueir A stick contacts.. With
the assurance that the secondary storage relays
aré energized and now held energized, the pri-
mary storage relays can now be deenergized by
removing the current source from the stick cir-
cuits of the primary storage relays and the col-
umn relays A—L and other control relays whose
stick circuits are controlled by the DOA2 and
DOAS contacts (Fig. 3).

When R3 relay is energized after the delayed

energizing impulse, its contacts R3—2 are closed -

to effect the energization of the R4 relay through
the R3—2 contacts and R5—2 contacts which
are now closed. R4 relay opens Ré—I{ (Fig. 3)
contacts to render the keyboard inoperable dur-
ing digit transfer operations. - The R4 relay closes
its R4—2 contacts (Fig. 3) and a circuit is closed
from the line 110, through R4—2 contacts, the
DOA relay and by a wire 140 to the line {11,
DOA relay opens its contacts DOA2 and DOAS.
The DOA2 contacts open the stick circuit line
{171 for the column relays A—L, inclusive and
also for the holding coils of the primary storage
relays. The opening of the DOAS3 contacts (bot-

9

tom of Fig. 3, right hand) breaks the stick cir-
cuits of the AS (AC! relay if enérgized); and
MBC relays and since contacts MBC3 will now
open, the MBR relay is deenergized.
Deenergization- of the TI relay will cause its
Ti—2 contacts to close and such c¢ontacts are
closed when MBR relay deenergizes. The latter
enables its contacts MBRS to close and upon stich
closure by an obvious circuit the R5 relay will
be energized. RS relay now opens its R5—2 con-
tacts to deenergize R4 relay and upon the de-
energization of the latter, R4—2 contacts open

. to deenergize the DOA relay. - Hence, the DOA2
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and DOA3 contacts close to normally condition
the impulsing and holding ecircuits for - the
primary storage relays, conditioning the Jatter
for subsequent digit storage setups. .

The stick ecircuit for the R2 relay was previ-
ously described and it was stated that the R2
relay is held indefinitely .by the aforesasid stick
circuit as long as. the DOBI contacts remain
closed. . The h .or stick contacts for R2 relay is
the instrumentality for. retaining: the R3 relay
energized for this duration and the stick circuit
for R3 is: from the line {11 through DOB2 con-
tacts, wire 132, wire 131, _relay coil RS, RZ-—-—I
contacts now closed, the k conta.cts of the R2
relay, thence by wire 145 and wire l30 through
the DOBI contacts to the line 110, Hence, relays
R4 and R2 are held energized. Whlle ‘the. ener-
gization of R3 relay closes R3—2 contacts, the
R4 relay cannot be picked up for energization
because the deenergization of the Ti and- the
MBR relays has closed the respectiVe Ti—2 and
MBR3 contacts to energize the Rb relay. The
latter opens its R5—2 contacts so. that while the
R3—2 relay contacts do close the obening of
R56—2 contacts prevents R4 relay from being
picked up. Hence, the DOA relay a.fter its de-
energization remains deenergized.

PUNCHING MECHANISM.

Any suitable punching mechanism may be pro-
vided for digit punching so that upon the com-
pletion of the setting up of the primary storage
units of any of the keyboard stations the punch-
ing mechanism may be placed into operation for
punching on g card the digit representations set
up in’the secondary storage unit. ‘The ‘punch-
ing mechanism P outlined in Fig. 14 is of a fosm

“which is  well known and fully shown and de-

scribed in Patent No. 2,032,805, issued to C. D.
Lake, March 3, 1936, modified according to the
subsequent patent to C. D. Lake, No. 2,104,542,
dated January 4, 1938. The necessary electrical

'instrumentalities of the punching machihe in-

volved-in this invention are shown in Fig. 2
within the dotted line designated P, but for full
details of operation of the punching machine
reference’ may be had to the aforementioned
patents. Later on a description .of the electrical
instrumentalities shown herein will be given in
connection with the wiring diagram to set forth
the manner in which the punching machine is
coordinated with the present invention.

A feature of the punching machine shown in
the aforementioned patents is the provision of
feeding the record cards past the. punches in
the order of: the index point positions 9, 8, 7—0
and as successive index point positions pass by
the punches the energization of a punch magnet
at a differential time will ¢ause the operation of
the punch to place a perforation in the related
column of the card. Since the time necessary
for punching all columns of a c.rrd is not de~
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pendent upon the number of column positions,
the punching mechanism shown in this patent
is capable of high speed and in actual practice
its speed was found to be sufficient to keep up
with the digit storing by three keyboard opera-
tors. As will be later described, when a storage
unit is completely set up and it is to control the
punch, a signal arrangement initiates the opera-
tion of the punching machine and a card will
then be fed from the supply hopper past the
punches. K :

1t is to be understood that the machine in the
Lake patents punches cards, according to the
Hollerith system, whereas digit setups effected in
the primary and secondary storage units are
according to a combination code. For this rea-
son, the combinational setting of the relays must
be translated to a single digit representation.
Such forms of translators are well known and for
the twelve sets of storage relays herein there are
twelve translator contact arrangements shown
in Figs. 10 and 11 for converting a combinational
setting of .the relays to a single representation
for each digit. Taking, for example, the storage
relays 11, 112, 118 and {14 which are set up
singly .or in combination in the secondary storage
unit for punching card column 9, it will be ob-
served that such relays having been energized
and retained energized keep their “1, 2, 3 and 4”
contacts closed singly or in combination in ac-
cordance with the original code (see Fig. 3).
These contacts being interconnected in a cer-
‘tain way select one of a series of ten digit lines
150, which are marked 0-9, inclusive. The digit
lines 150 are conveniently grouped in a cable 151
(Figs. 7, 8, 5 and 2'in the order named) and then
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through such relay.contacts. Wires 187 from the
other side of the relay contacts are joined in the
cable 156 (Figs. 10, 7, 6,.5 and 2) and the wires
{87 thereof are connected to the punch selecting
magnets 18, the common side of the latter being
joined to the other side of the line I11. There-
fore, according to the particular contacts of the
translators which are open and closed, one of
the digit lines 150 will be selected to select an
impulse for the energization of the related punch
selecting magnet 16. The punch selecting mag-
nets: 18 correspond to those similarly identified
in the aforementioned patent to Lake, No.
2,104,542, and when energized cause the opera-
tion of a punch at the time that the index point
position of the card is presented to the punch.
It should also be noted that in the event that
none of the digits 1-9 is stored in a particular
storage column, as for example higher order col-
umns for representing zeros at the left and col-
umns representing intermediate zeros, all of the
relay contacts of the translator relating to that
storage column will ‘be at normal position and
normally the punch selecting magnet of that
column will be energized at the time that the‘
«0” index point position is presented to the

" punch. Taking, for example, the translator con-

branch out to be individually connected to digit

segments 63 (Fig. 2) of an emitter of a well
known form, which emitter also includes a ro-
tatable brush 82 driven synchronously with the
passage of the card by the punches. From Fig.
2 it will be seen that from the line {10, cam
contacts RI and circuit breaker contacts 68 are
in series connection with the brush 62 of the
emitter. Contacts RI and 68 are .identical in
function to those similarly designated in the
Lake patent, No. 2,104,542, and cam contacts
RI are .closed by the punching machine during
the period that the index point positions of the
card pass by the punches and the circuit breaker
§8 transmits through the emitter differentially
timed impulses to the digit lines 150. The par-
ticular contacts of the relays 111, 112, 113 and
1i4 which are closed singly or in combination
will select one of the digit lines. For example,
the digit line 1 is selected by the energization of
the relay (i1 alone, the impulse circuit passing
through 114—1, 113—2, 112—2 now in-normal
position and through {1{—#& now transferred, to
the “1” digit line. The 7 digit line is selected
by the energization of relays 112 and 118, the
line being closed through 1{d—I(, 1{3—2 now
transferred, ‘112—1 now transferred, through
{1 {—1I now in normal position, to the 7 digit line.

It will be noted that from the 1 contacts of
relays |{4—1124, there are output wire connec-
tions to wires (55 to direct the impulses to the
punch selecting magnets 16 (Fig. 2) of the corre-
sponding card column position. When the DSI
unit of the No. 1 keyboard station is selected to
control the punching machine the ROI relay
will be. energized to close its ROI, I—12 contacts
in the manner to be subsequently described and
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tact arrangement for punching card column 9,
the “0” impulse is selected by a circuit passing
through It&4—1, 113—2, 112—2, (I{—4, to the
“0” Yine 150, all of said contacts being in normal
position.

A complete circuit for energizing a punch se-
lecting magnet 16 at a differential time is from
the line 110, through cam contacts Ri, impulse
distributor contacts 88, brush 62 of the readout,
a selected digit segment 83, through a related
line 150, contacts closed by the relays i, 2,
113 and {14, singly or in combination, to the
output line 55 related to such contacts, ROI
contacts, wire 151, to a punch magnet 76 asso-
ciated with the particular translator, thence to
the line {11.

Summarizing, when a secondary storage unit
of a particular statlon is selected for operation,
its readout or RO relay will be selectively en-
ergized by a circuit to be subsequently described,
the punching machine will be initiated in opera-
tion as will be subsequently described, and the
emitter 62, 63 will transmit digit impulses to the
lines 150. The translators will select digit lines
to energize the punch selecting magnets 18 at
differential times to thereby punch all card col-
umns during a passage of the card by -the
punches. In the present example card columns
920 wiil be punched in a single passage of the
card by the punches, the punched card then be-
ing fed by suitable rollers shown in the patent to
Lake No. 2,104,542 to be fed into a storage hopper.
Also as will be subsequently described, after re-
1ays of a secondary storage unit have been utilized
to control digit punching operations, the stick cir-
cuits for such relays are then broken to normally
condition the secondary storage unit to receive
s subsequent transfer from the primary storage
unit of the-same station.

ERROR KEY OPERATION

In the event the operator becomes aware of an
error in a digit setup in the primary storage unit,
it is possible to clear out the digit setup prior to
its transfer to the secondary storage setup. The
clearing out operation is effective for all storage
columns previously set up. After an error key op-

e e e
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eration the operator recommences the digit setup.

For this purpose, a key {01 which is similar
to the digit keys is provided and is designated
“error,” _'This key is similar to the digit keys but
has a notch i0i{a (Fig. 15) over bail 104 so that
it does not close bail contacts 106. When de-
pressed by the operator key 101 closes a circuit
from the line 110 (Fig. 3) through Ré-—I con-
tacts now closed, wire 13, through the contacts
closed by the error key iot, thence through the
MBCH# relay contacts now closed, to the DOA re-
lay coil, thence to the line f{{. "It will be recalled
that ‘the energization of DOA relay releases all
the stick circuits for the column relays and the
storage relays of the primary storage unit. Thus,
it an operator is sefting up information into the
primary storage unit and an error occurs, depres-
sion of the error key will operate DOA relay which
will completely clear out all information which
has been set up In the primary storage unit and
permit the operator to start anew.

VISIBLE WARNING SIGNALS
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15

20

The machine includes warning signals which -

will indicate to the operator the condition ot the
primary and storage units.

These warning signals consist of ls.mps Lt and
12 which it will be observed from Fig. 14 are
mounted upon the tables of the keyboard.sta-
tions. The i{llumination of each has a purticular
significance, :

The lamp Li{ is shunted across the MBR relay
(Fig. 3) and is illuminated concurrently with the
It will be recalled
that this relay is energized upon the second de-
pression of the manual bar to transfer the digit
getting from the primary storage unit to the sec-
ondary storage unit. . The digit transfer is mo-
mentary and in the normal course of events the
duration of the flash of the lamp Li would be very
gshort and need have no significance to the op-
erator. Therefore, upon the second depression of
the manual bar, and if the transfer is properly
effected, the L lamp will be lighted and then ex-
tinguished.

If, for some reason, the transfer cannot be ef-
fected such as, for example, when the secondary
storage unit has not been cleared out, the Ll
lamp will not be extinguished even though the
manual bar is held depressed, - Therefore, for
each successive release of the manual bar, the
MBR relay will be energized and lamp Ll lighted

. and will not be extinguished until the digit trans-

fer can be completed.

The additional lamp L2 serves as & warning to
the operator that the digit transfer from the pri-
mary storage unit to the secondary storage unit

"has been completed but the secondary storage

unit has not yet been cleared out. ‘This visible
signal comprising lamp L2 is shunted across the
relay R2 and as long as a digit setting ‘remains
in the secondary storage unit, 12 lamp will re-
main lighted. This serves as a warning to the
operator not to depress the manual bar to effect
a transfer of the digit setting from the primary
storage unit to the secondary storage unit be-
cause the latter has not been cleared out and is
not in condition to receive such digit transfer.

AUDIBLE SIGNALS

While the above mentioned visible signals are
effective, it 'is desirable to provide an "audible
signal in the event that the operator attempts
to depress the digit keys when the previously set
information in the primary storage unit has not
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yet been tra.nsferred to the secondary storage
unit.

Upon the second: depression of the manual par,
it will be recalled that relay MBC is energized
and held energized and retains its contacts MBCS
closed (Fig. 3). This relay is held energized
until a transfer is: effected from the primary
storage unit to the secondary storage unit and
it the operator depresses a digit key to at-
tempt a new setup before this relay is deener-
gized, & buzzer will be sounded. When. a digit
key is depressed, a .circuit will be closed from the
line {16, through Ré—I contacts now closed, bail
contacts (08, wire 112, wire 116, thence through
the MBCS contacts now closed, to the pickup coil
of the BR relay, thence to line 1{1. The latter
closes its h or stick contacts and the stick circuit
extends back to line {18 through such contacts
and wire 1268. The BR relay closes its BR{ con-
tacts which are In series with a buzzer unit
shown in the lower right hand corner of Fig. 3.
This buzzer is of a conventional -construction.
Therefore, for each key stroke effected. under the
above conditions, the impulse from wire | {8 will
also be directed through the BRI contacts to the.
buzzer, thereby sounding the buzzer as long as a
digit key is held down and for each succeeding key

- depression. In this case the deenergization of the
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BR relay cannot be corrected by the depression
of the “error” key because the. MBC relay has
opened the contacts MBC#4 in the error circuit.
Therefore, it will be necessary for the operator
to wait until the digit transfer can be effected
from the primary storage unit to the secondary
storage unit which, when effected, causes MBC
relay to deenergize and open MBCSH contacts in
the BR relay circuit. With the opening of the
BRI contacts by deenergization of the latter, the
buzzer circuit is brought to its normal inopera-
tive condition. )
With the present arrangement it 1s, of course
essential that the motor bar be dépressed follow-
ing the setting up of digits of the bank number
field so that -the control circuits will'be operative
upon the second depression of the manual bar.
The above described warning circuit for sounding
the buzzer is also effective if the operator should
neglect to depress the motor bar following the
setting up of the digits of the bank number. That
is, if five key depressions are made without a
manual bar depression - intervening before the
fifth key depression, a circuit will be closed from
the line {10 through the R4—I contacts, bail
contacts 108, wires 112 and 116, through the ES
contacts now closed, through the ‘AS2 contacts
now closed to the pickup coil of the BR relay.

. Hence, the fifth and each succeeding key depres-

sion will cause the sounding of the buzzer by the

. aforementioned buzzer circuit, indicating to the
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operator the failure to effect a manual bar de-
pression ‘after setting up the desired number of
digits of the bank number.

In this case the condition is corrected by de-
pressing the “error” key which it will be re-
called, upon its depression, energizes the DOA
relay and deenergizes all the stick circuits of the
primary storage unit, as well as the stick circuit
for the BR relay. - Subsequently the operator may
start over .and proceed stormg information as
before.

SEQUENCE UNI’I‘

Following the transfer of the digit setup into
the secondary storage unif, further operation of
the machine causes punching of this digit setup
from. the secondary unit as soon as the digit setup
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is made, provided the punching machine is.not in
operation. Utilizing the maximum capacity of
the machine, three operators are storing digit in-
formation in any random sequence and to- cause
punching operations to ensue as quickly  as
possible a sequencing unit has been provided
which determines the sequence that the second-
ary storage units are utilized to control punching
without entailing any undue delay to any par-
ticular operator.

The electrical instrumentalities of the sequenc-
ing unit are located in the sequence unit desig-
nated S in Fig. 14. The electrical instrumentali-
ties of the sequencing unit are shown in all of
Fig. 1 and the left hand portion of Fig. 2 and
such instrumentalities are wired to the digit setup
units DS, DS2 and DS3. 1t is pointed out that
the electrical instrumentalities for the punching
machine are shown in Fig. 2 within the confines of
the dotted line box designated P. In view of the
fact that it will be easier to visualize the operation
of the sequence unit when only one storage unit
is set up at a time, the operation of the circuits
will be given with this taken into consideration.
It will be assumed that the operator at station 1
has set up digit information in the primary unit
and has transferred this data to the secondary
storage unit whereupon the sequencing unit dis-
cerns this fact and initiates the operation of the
punching machine under control of the secondary
storage unit.

It will be recalled that when a digit transfer
is made from the primary storage unit to the
secondary storage unit relay. 3 will be energized
‘and the energization of the latter is the signal
instrumentality which indicates that punching
operations may now proceed under control of the
secondary storage unit. This signal indication is
effected by the closure of contacts R3—4& and
R3—5 (Fig. 3) which are within the digit setup
unit DS and have suitable wire connections to
electrical elements in the sequence unit. When
contacts R3—4 close, it will be noted that an at-
tempt will be made to close a circuit to Ri{ relay,
the circuit being from the line {18 through con-
tacts R3—4, wire (80, through relay contacts
RI8—4 now open to thie Ri{ relay which is con-
nected to the line 1#{. Hence, the Ri{ relay cir-
cult will. be open at this point. However, the
closure of R3—B8 contacts closes a circuit from
the line (10 through such contacts, thence by a
wire. 181 to contacts R{{—2 which are now closed,
and thence through cam contacts SC1 which are
in the punching machine, thence through R18-—2
contacts to the pickup coil of R14 relay to the line
fit. SCIt cam contact is driven by a cyclically
operable shaft in the punching machine and
closes its contacts at the desired time (see Fig.
17) and the purpose of this contact is to prevent
sequence indications from being set up during
that portion of the punching cycle devoted to the

- selection of the digit setup. unit under control -of

which punching is to be performed. R4 relay

closes its h contacts and provides a stick circuit
by the line 162 through relay contacts R18—1 now
closed, R{&4—5 contacts now closed and a wire 163
back to the line £{8. Ri4 relay closes its con-
tacts R14—4 so that the impulse circuit from the
contacts R18—2 is extended through R14—4 con-
tacts, thence serially through the C1—2 contacts,
C3—2 contacts, - C5-—2. contacts to the pickup
winding of the RI§ relay, thereby energizing the
latter and it, in turn, closes its 2 contacts to pro-
vide a stick circuit for the relay by the stick
circuit line 162, RI5 relay, in turn closes its relay.
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“the RI4, RI15 and RI16 relays.
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contacts R15—T and the impuise is extended from
the RI4—4 contacts through the RI5—1 contacts,
thence serially through Ri{l—5, R{2—% and
RI3—3 contacts, all of which are in the normal
position shown, to the pickup winding of RI§
relay to the line {1{. RI18§ relay, in turn, closes
its & stick contacts to. provide a stick circuit for
RI6 relay by the stick circuit line 162. The RI§
relay closes the Ri6—4 contacts, thereby ener-
gizing the Rl relay and the stick circuit for the
latter extends back to the line 110 through-its h
stick contacts, wire 168 and the R3-—4 contacts.
RI6 relay closes its R18—T contacts and the
aforementioned impulse is now directed to the
punch start relay PS, the pickup winding of
which is connected to the line {i11. The PS relay
closes its PS| contacts, thereby extending the im-
pulse to the pickup winding of the RIT relay.
The RIT relay closes its A contacts and the stick
circuit extends back to line 110 through the
Ri4—8 contacts which are now closed, whereas
the PS relay closes its k& contacts and the stick
circuit extends back to the line 110 through the
Rii—3 contacts.:

When RIT relay energizes, it closes its RIT—1
contacts to pick up the R18 relay. The opening
of the R18—1 contacts opens the stick circuit for
Ri4, Ri6 and RIS
relays now being: deenergized open their respec-
tive contacts .Ri4—8, RIS—8 and RIi$—8 tfo
break the holding circuit for the RI1 relay. RIi1
relay now being deenergized opens its R{1—I con-
tacts to deenergize RIB relay. At this stage of
the operation in the sequence unit, R14, RiS, R1§,
Ri7T and R{8 relays are now deenergized. How-
ever, the Ri1 relay is still held energized by its
stick circuit. since the latter is still closed by its
h contacts and the R3—4 contacts which are still

closed. The PS relay is also held energized by ... -

reason of the continued closure of the Ri(—3
contacts. The function of the punch start relay
P8 will now be explained.

In Fig. 2 it will be observed that the PS relay
closes the PS2 contacts and in function such
contacts correspond to the PI2 contacts shown
in Fig. 7 of Patent No. 2,104,542. The purpose
of the Pi2 contacts in the patent and PS2 con-
tacts herein'is to transmit an impulse'to the mo-
tor relay magnet 136 of the patent by precisely
the same circuit connections as shown in the pat-
ent. The energization of the motor relay mag-
net 138 as described in the patent completes the
circuit to the punch driving motor M and the
punching machine will thus be placed in opera-
tion and the card feeding mechanism will ad-
vance & blank card from the supply hopper past
the punches.

By circuit connection now to be described, an
operative connection is made between the punch
selecting magnets 16 and the translators of the
digit setup unit DSt. The engagement of the
clutch in the punching machine causes the rota-
tion of a shaft which drives parts of the punch-
ing machine and also the shaft which rotates the
cams for closing the SC cam contacts shown in
Fig. 2. Cam contacts- SC3 close early in .the
punching cycle so as to complete a circuit from
the line 110 through the SC3 cam contacts and a
chain circuit passing serially through the C2—2,
CA—2, C6—2, Ci—4, C3——4, C5—4, all now in the
normal position in the example assumed, thence
through RI{—4& contacts now transferred, to the
ROI relay to the line t1{. ROI relay closes its &
contacts and a stick circuit back to line 19 is
provided through such contacts and the SC5 cam

_
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contacts. The latter are timed to hold the Ro{ .
relay -energized during the time-all of the digit
" impulses are transmitted by the emitter ‘62--63.
The ‘RO{ relay, it- will ‘be recalled, when ‘ener-
"gized closes its RO, 1-—12 contacts (Fig. 10);
-establishing an operative ‘connection between all
. translator:columns:and- the punch selecting inag-
nets 76. ‘Hence, the setting -of the translator col-
umns ‘will ‘select predetermined impulses trans-
mitted by the emitter 62—63 and such impulses
will be transmitted to the punching' magnets 16
-at times in synchronism with the presentation-of
successive index point positions to the purches.
Hence, the card will be punched to represent in
the Hollerith code the digits originally set up tn-

der control of the keys and stored in'the digit set-

up unit DSI. . : Coe : :
At the close of the punching cycle, cam con-

‘tacts 8C4 will transmit an impulse from the line

110 through such cam contacts, the R0.1—1{ con-

13

+ o similar numbered posts for stations No.'2 and

10 € ]
~~12) from the line "f1{ to similarly -numbered
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No. 3. The current supply line 140 for station
No. 1 connects ‘at post No. 1, as shown in Fig. 3,

“and- for the other keyboard ‘stations No. 2 .and

No. ‘3 there are provided wire connectionsfrom
line 118 to similarly numbered:posts. (See Fig.
12.) - It-will be recalled that there is a'wire con- -

“nection “+36 (Fig. 4) ‘for ‘s current supply from

the line: {1 #{ to the post No. 3 (Fig. 4). Similarly,
there. are wire :connections 136z and 1363 (Pig.

posts for stations No. 2 and No. -3.- ‘This latter
wire connection -provides current for ‘energizing
the shift -relays-S4 to 812, inclusive, it “being
understood, of ‘course, that the othér keyboard

-‘stations-have similar electrical ‘column ‘shift ar-

‘rangements.- : » L
- It will be noted that fqr stations No, "2 and No.

-3 the digit set units DS2 and DS$ have the same
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tacts (Fig. 2) and the imptlse: will then be di- E
rected-by a wire {64 (Figs. 2 and 3) to the DOB .

relay to the line {11. ‘Opening of the DOBI{ and
DOB2 contacts breaks the holding circuit for the
storage relays of the secondary unit and likewise
the opening of the DOBI contacts opens the. cir-

cuit for-the R2 relay and the R3 relay which de-

energizes and the opening of its contacts will
break the holding circuits for the Rl relay. Of
.- course, -the ‘deenergization of ‘the R2 relay will
" llkewise cause the L2 signal light to be ex-
tinguished, indicating to the operator that a-
card has been punched under control of the sec-
ondary storage unit pertaining to' the related
operator statiori and hence if ‘a-digit setup has
~been made in ‘the ‘primary storage unit it can
now be transferred to the secondary storage unit.

- MULTIPLE KEYBOARD STATIONS

- ‘The punching machine disclosed herein is ca-
pable of punching cardsat a rate of 100 cards per
minute and in order to utilize as much as possible

the full capacity of the ‘machine the punch has -
" . coordinated therewith three keyboard stations.

as-outlined in Fig. 14. ‘The circuit arrangement
for 'No. 1 keyboard station has been set forth in
the previous description -and in view of the du-
plication of the construction of the keyboards and
the digit setup units of the other stations, a repe-
tition of this ‘circuit description is believed to be
unnecessary. - Hence, “all- the duplicate ‘wiring
connections and electrical instrumentalities are
not-fully shown for keyboard stations Nos. 2 and
3 and by reference to. Fig. 12 it will 'be seen that

" these are merely outlined, DS—2 indicating that

within the ‘outline the electrical instrumentali-
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arrangements-of digit ‘setup relays for the pri-
mary storage unit ‘and ‘the ‘secondary -storage
unit, -and the -control relays- RI-—RS, TI, étc.,
shown at the right hand of Fig: 3 for station'No.
1'are duplicated for the other kKeyboard stations.
~ From Figs. 4 and 12, it -will be observed that

: the impulses directed by the emitter 62-—63 ‘and

“-transmitted by wires in the cable ‘I51 are also
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transmitted: by “branch cable ‘connections 1513
and 1513 to the impulse lines for the translators
of stations No. 2-and No. 3, Branéh cableé con~
nections 1§82'and 1563 for stations No. 2 and No.

~-3-also connect the punch selecting ‘magnets 16
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to contact points of the respective relays R02

‘and R83. " Of course,  the -energization of  the

RA2 relay will make an operative connection be-
tween ‘the punch magnets 16 and the ‘column
‘wires of the translators for station No. 2 when

- station No. 2 hasbeen selected for' reading out
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“of the digit representations of DS2. ‘In all re-

Spects the manner in which the digit represen-

- tations on the translators of stations No. 2'and

No. 3 are read out to control the energization ‘of

-the punchselecting magnets 16 at differential
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. times Is precisely the same as has been explained
‘for station No, 1.~ .- 1o T

~ There will now be described the cifcuit: ar-
rangement whereby the translator of ‘station No.

-2 controls the punching machine for punching

+-Information on & card corresponding to the digit

50

set up by the keyboard operator for station No. 2.

-~ For simplicity in explanation and ‘for ‘a better
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tles -utilized for the digit setup unit for ‘No, 2 . ‘-

keyboard station are included. DS3 is the des.g-
" nation of the digit setup arrangement for the No.
-~ 3 station. It will be understood that within the
confines of such dotted outlines the same cir-

o

-cuit arrangement shown for keyboard station No.. -

1 in Figs, 3-11, inclusive is included.  Of course,
the keyboard arrangement for such stations, iden-
tifled by ‘K2 and K3 in Pig. 12, corresponds to
the electrical keyboard arrangenment shown fully
in Fig. 3 for station No. 1. ‘Some of the external
" wiring connections will now be described:-to more

85

fully understand the coordination of keyboard =

stations No. 2 and No. 3 with the sequencing
unit 8. - o '

From Fig. 3'it will be seen that the supply line

- 111 provides the.current supply for station No. 1
by Juncture to post No. 2.- From Fig. 12 it will
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be observed that the line |11 is also connected 75

~translator,

-to the

understanding of the complex circuit arrange-
ment it will be assumed that after a card has
been punched to represent a digit setup of sta-
tlon No. 1 the secondary storage unit of station
No. 2 then receives & transferred ‘digit represen-
tation, which is now set upon the corresponding
‘When-a transfer-of digit represen-
tation is effected from the ‘primary storage unit

‘to the ‘secondary storage-unit for station No. 2,
‘a relay R3 in the DS2 unit (Fig. 12), corresgond-
. ing to the R3 relay of Fig, 3, is energized and
the energization of such relay is a sigrial that
‘bunching may now proceed unider control of ‘sta-
' tion No. 2. From the R3—A4 contacts of station

No. 2 there is a wire connection 170 leading .as
shown in Figs, 12, 4, 3 and 1 in the order named
, Rl? relay but such relay is not energized
‘due to the opening of Ri18—5 contacts. Relay
R3¥'in station No. 2 also closes its eontacts R3—S5,

~corresponding to the R3—5b ‘contacts -in Fig. 3,

thereby connecting ‘the line 190 through such
contacts and wire {73 (Figs. 12, 4 and 1 in the
order named) to the RI12—2 contacts now closed,
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By the circult description previously: outlined,
this circuit connection is continued through SCi,
through Ri8—2 contacts, to cause the energiza-
 tion of the RI4 relay which, in turn, causes the

-energization of the Ri§ relay- which, in- turn,
causes the energization of the R16 relay and the
latter closes its R16—5 contacts to energize the
RI2 relay. After RI6 has been energized, the
latter, in turn, causes the energization of the
R11 relay and the punch start relay PS, and R17
relay, in. turn, picks up the RI8 relay for ener-
gization. - The detailed circuit - description for
energizing these relays has been given previous-
ly.  However, the stick circuit for the PS relay
is through the Ri2—3 contacts in this instance.

The punching machine is initiated into opera-
tion by the closure of the PS2 relay contacts in

the manner previously described and during the.

initial cyclic operation of the punching machine
SC3 contacts close, completing a chain circult
through - the aforementioned contacts C2—2,
Cé—2, C6—2, C1—4, C3—4, CB—4 and RIl—4&,
all of which contacts are in normal position, the
circuit then extending through R12—4 contacts
_ now transferred and in this case to the R82 re-
lay. The latter energizes to connect the trans-
. lator for keyboard station No. 2 to the punch
selecting magnets 18 and the digit representa-
tion on such-translator now controls the punch-
ing machine to punch a card corresponding to
the digit set up for station No. 2, - ‘
Likewise, the R02—I{ contacts close so that
when SC#& cam contacts close an impulse will be
directed to R02—1 relay contacts and by wire {715
(Figs. 2, 4 and 12 in the order named) to post
No. 4. This will transmit an impulse to the DOB
relay for the DS2 unit, thereby conditioning the
_ secondary storage unit for such station to normal.
If, after completion of this card punching op-
eration the operator at station No, 3 has made a
. digit. transfer to the secondary storage -unit. of
such station, its corresponding R3 relay will be
energized and this will be a 'signal to:indicate
that punching may now proceed under control
of the translator for station No. 3. . The: wire
connection 174 from the R3—5 contacts of station
No. 3 transmits an impulse through the R{3—12
contacts to cause the sequential energization of
the R4, RI5, R16, RIT and RI8 relays and also
the punch start relay PS. The Ri6 relay in this
instance when it closes its R16—&8 contacts will
select the RI3 relay for energization, this, of
course, being afforded because there is a wire con-
nection {11 from the R18—8 contacts (Figs. 1, 4
and 12 in the order named) to the R3—4: con-
tacts of station No. 3. .The SC3 contacts (Fig. 2)
will, in this instance, transmit an impulse through
the previously described chain circuit but through
the R13—4 contacts to energize the . R83 relay.
This will select the translator for station No. 3
for controlling the punching of a card represent-
ing the digits set up by the operator at station
No. 3. Closure of the R03—| contacts will trans-
mit an impulse by wire 116 (Figs. 2, 4 and 12 in
the order named) to the DOB relay of station
No. 3, breaking all the holding circuits.of the
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tual practice, the‘ o'p'erators‘ will not terminate

- their digit setups in such sequence and the digit

setups will be completed at random and may oc-
cur during & card punching operation. In this
case, to prevent undue delay to the operator and
to provide an equitable distribution between the

" several operators the circuit arrangement is such

that the sequence unit senses the sequence in
which operators complete digit transfer operations
and controls the punching machine so as to punch

from the stations in the same sequence. By such

sensing the flow. of output is performed in the
proper manner without favoring any particular
operator, enabling each operator to perform the
maximum amount of work precisely in accord-
ance with the same amount of work that an op-
erator could perform if she was provided with her
own punching machine. This circuit arrange-

.ment will now be described in detail:

SEQUENCE OF PUNCHING OPERATIONS WHEN DIGIT
~ BETUPS ARE COMPLETED IN IRREGULAR, OVERLAP-
PING SEQUENCE .

For a further understanding of the operatio

_of the sequencing unit; it will now be assumed

that signals are received from stations Nos. 1, 2
and 8 In succession in the named order and so

" rapid that all signals are received before the first
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operation of the punching machine can take place.
In this case cam contacts SCI are normally closed
(Fig. 17) because the punching machine has not
yet been initiated into operation. -The impulse
transmitted from the No. 1 station will energize
‘the Ri1 relay by the circuit previously described
in detail but since no other stations are waiting
to control punching operations, none of the Cl—
C8 signal storing relays will be energized at this
time. - Immediately after the energization of the
RII relay and PS relay and with all of the R4,
RIS, RIS, RIT and RI8 relays now in normal de-
energized condition, the second: impulse trans-
mitted from the No. 2 station will be initiated by
closure of its R3—8 contacts and be directed by
a line 113 (Pigs. 12, 4 and 1), through the R12—2
contacts, thence through the SC! cam contacts
while they are closed, through RI18—2 contacts,
pickup winding of Ri4 relay. Ri4—4§ contacts
now close to:pick up the Ri5 relay, the ener-

. glzing circuit being serially through C{—2, C3—2

50.8nd C6—2, all of which are now at normal,

RIb
relay. now energizing will close the Ri5—2 con-

- tacts and concurrently open the Ri5—I contacts.
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Thus, when contacts R14—5 close, a circuit will
be closed from the line 110; wire 183, relay con-
tacts R14—5, R18—I -contacts, R16—{ contacts,
R18—2 contacts now closed, RI{—I contacts now
closed because of the previous energization of the
Ri{ relay, to the pickup winding of Cf relay coil
to the line 111, 'The pickup winding of Ci relay
closes its h contacts and the stick circuit extends
back by a wire 180 (Figs. 1 and 3), thence through
the DOBI .contacts (Fig. 3) of station No. 1 now
closed, to the line {10. Thus, Cl relay energizes
and is held energized. Of course, since R{%—{
contacts are opened when the Ci—I contacts are

" closed by the Ci relay, this impulse cannot be

secondary storage relays, thus conditioning the

secondary storage unit of station No. 3 to normal.

In the preceding description it was explained
for the sake of simplicity that the operators finish
their digit setups in sequence and that punching
of a card was completed before the transference
of a digit set up from a primary storage unit to a
secondary storage unit was effected by an opera-
tor at another keyboard station. However, in ac-
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transmitted at this time to the C2 relay. The
Ci relay coil transfers its contacts CI—2 and
closes Cl-—3 and they remain transferred and
closed. The closure of the Ri15—1 contacts di-
rects the transmission of the impulse through
RI1—5 contacts now transferred, C(—3 contacts
now closed, thence .serially through RI2—S5,
R 13—S5 to the pickup winding of R16 relay which
is held by the stick circuit previously described




- station No. 3 by wire 182, . .

contacts close the impulse is directed through "
. the transferred Ri(—5 contacts, C1-—3 contacts
now closed, thence through the.RI12—5 contacts,
_-C3—3 contacts, the. RI3—5 contacts to the RiI8 -

. 2,853,048 .

_in detail, RI6 relay mnow closes ‘its contacts - the RI3 relay is held

RI6—5 to calse the RI2 relay to be picked up.
From post No, 6 of station No. 2 (Fig. 12), to
which post the R3-—4 contacts of the R3 relay of
station No, 2 are connected and the wire (70
(Figs. 12, 4, 3 and 1), the circuit extends by wire
170 through the R16—6 contacts to the Ri2 relay
which energizes and is held energized by. thq
closure of its & contacts, the stick circuit extend-
ing back to the line 110 by wire 170 and relay con-
tacts R3—4 of station No. 2. .~ .7 -

.In the same manner previously described, clo-
sure of Ri1—! contacts causes -the RI8 relay

to energize and the latter opens its 18—I con- -

tacts to deenergize the Rf4, RIS, RI6 and RIT
relays. Since R12 is now energized, 1t will be

observed that the stick circuit for the PS relay
is also closed by the RI2—3 contacts for the

purpose of automaticaily effecting a second cyclic
operation of the machine for-reading out the
digit representation of station No. 2 after .the
first cycle is completed and R | {—8§ contacts open.

It will also. be assumed that a third signal
immediately _follows-thé, reception ‘of ‘the second

signal from station No. 2 and ‘that this signal 3

emanates from station No. 3. In the same man-
ner previously described the Ri4 relay is ener-
gized. -

" The third impulse to energize the RI4 relay
comes from the R3-—-§ contacts of the R3 relay

" pertaining to station No. 3 which contacts are
‘connected to a post No. 7. Wire 114 (Figs. 12,

4 and 1) connected to this post extends the im-
pulse through the RI3—2 contacts to the Ri4

relay by the circult previously explained.  RI4 :
‘relay by the Ri4—4 contacts picks up the RIS
telay. However, the impulse for energizing the

RIS relay directed from the RI&—4& contacts,

“‘now passes through the Cl-—2 contacts now

transferred, C2—I| contacts now closed, then se-

" rally through C3—2 and CB5~-2 contacts now
in normal position, to the R{8 relay. It will be .

observed that the impulse- for -energizing the
RI4 relay now passes through the RI8—! con-

‘tacts which are now closed, thence through the
Ri4—1 contacts now closed, the Cl—I contacts.

previously closed, to the C2 relay.

.. C2 relay having been energized closes its h
‘contacts and the stick circuit extends back by

wire 18 (Figs. 1 and 3) through the DOB2 con-

‘tacts of station No. 1 to the line t1l. So far.
in the circuit description the Ri4,'the RIS and
- the C2 relays are energized. When the Ri§ relay
energizes it closes its contacts-Ri8—4 and an
impulse 1s transmitted.from the R16—2 contacts,

the RI5—4 contacts now closed, RI2—1I contacts

’ .closed due to the previous energization of the

R{2 relay, to the pickup winding of the 'C3 relay.

- 'The latter closes its & contacts and the stick

circuit -extends back to the DOB2 contacts of
When the Ri§s—1

relay. . Ri8 relay now. energizing closes its

.R16—86 contacts to energize the Ri3 relay. From

Fig. 12 it will be observed that post No. 6 of
station No. 3 has connected: thereto the R3—A4

‘contacts of ‘R3 relay pertaining to,this.station
. .and with relay contacts R3—~#& closed the im-

pulse is transmitted by the wire (11 (Figs. 12,
4,-3 and 1) through the R16-—6 contacts to the
Ri8 relay. The latter closes its & contacts and
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energized through such

- contacts - and R3—4 contacts -of station No. 3
- back to the line 110 by wire 171, With the en-
- ergization of -the RI3 relay it will be. observed

" that“the ‘closure of the R13—3: contacts closes

“-the'stick circuit for PS relay and provides for

the third cyclic operation: of -the punchirg ma-
‘chine to punch ‘the digit representations under
control ‘of station No. 3. -'At"this-stage in the
operation -of the machine the C1,:C2; C3; Ril,

‘RI2, RI3 relays are energized and’ the punch

“ start relay PS was energized immediately upon
-~theé reception of the first signal. ‘It will now be

~-’pssiimed that following the reception of the three
- signals cam contacts SC3 close during the first
“operation of the punching machine and the lat-
“ter will transmit an impulse to'the RO selection

v circuit.

20

"The condition of the RO. selection - circuit
shown 'in’ Figs: 1 and 2-is-now ‘such that the
contacts controlled by the C3, C2, Cl, Ri3, Ri2
and Rl relays are all transferred-and others

“hormal, " 'Therefore, the first ‘impulse - trans-
““mitted by the SC3 contacts is directed to the

10
“and thus the: impulse is-‘directed ‘to -the R02
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" C2—2 contacts now transferred, to'the RO{ re-
lay. . Therefore, in the manner previously de-
“scribed there will be 'a readout of the digit rep-

resentations of station No. 1 thence it' was from
this station the first signal was received and set
up. Upon punching of ‘a'card for station No.
1, Ri1 relay deenergizes as well ‘as relays C2 and

‘Cl. ~'The punch start relay ‘PS, however, is still -

energized because -of  the - ¢ontinued  closure of
the R12—3 and the RI3—3 contacts and a sec-
ond ‘cyclic-operation of the punching machine

- ensues and SC3 cam contacts again transmit an.

impulse ' which now goes through the normalized
C2-—2 contacts;, CA—2 contacts, C6—2 contacts,
the Ci—4 contacts' now in normal- position, to
the C3—4 contacts ‘which- are now: transferred,

relay. - During the second-cycle of ‘operation -of
the punching ‘machine which automatically fol-
lows the digit representations of station' No. 2
will be read' out-and a card- correspondingly
punched. - At the end of .the second cycle of op-
eration of the machine the RI2 and C3 relays
deenergize and now only the Ri3—4 -relay re-
mains energized so-that the impulse directed by
the SC3 cam contacts goes through- serially all
of the C relay contacts which are now in normal

~ position, thence through Ri1-=8, R12-—4 contacts

“'mow in normal position, through' the R13—4

138
-, representations of station No. 1.
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relay contacts which are now transferred, thence.
to the R03 relay and hence the digit representa-
tions of station No. 3 will be read out to control
the punching of a card. At the end of the third
pyclic operation of the machine the RI3 relay
deenergizes and opens its R13—3 contacts to de-
energize the punch start relay PS, causing the
punching machine to stop. -However, before the
RI8 relay is dée¢nergized other impulses may be
transmitted from station No. I or No. 2 and if a
signal from station No, 1" was received before
station No. 2 the next cyclic operation . of ‘the
punching machine will cause a readout of digit
"esel If a signal
was received from station No. 2 before a signal:
from station No. 1 then station No. 2 wotild take.
precedance. Hence, when signals are received
successively, punching operations for the sta- -
tions take place in the same order that the digit
setups therein were finished and card punching
operations follow automatically and in:the same
order the signals are received. ’




.-~energized: Cl, C3-and C8 relays.
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It is, of course, apparent that with the possi-
“bility of receiving three signals from the three
stations in many different orders, it would be
equally impossible to describe :‘the operation of
the sequencing circuit for all the possible permu-
tations of reception of signals. ‘However, the
purpose of ‘the relays, -particularly the manner
in which -they are set up to:represent stored up
signals will be -described to understand the prin-
ciple of operation of the sequencing unit. At this
point it should be observed that the C relays are
utilized to store up signals received to control
the .punching ‘machine in a particular sequence
and the latter will' punch out the digit representa-
tions from the stations in the ‘'same order they

are received. This is carried out by having the.

“2” and “4” contacts controlled by the C relays,
‘as well as “4” contacts controlled by the Ril,
RI2 and ‘Ri3 relays (Fig. 2) ‘determine the se-
quence of energization of the R8 relays each time
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Third signal energizes Ri3, C4 and Cl.
Relays energized—RI 1, Ri2, Ri3, Ci, C8, C4.

.- First cycle-—Rll! picked up by Cl—! RI! CA,

10
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the SC3. cam contacts transmit & selection im- -

-pulse. - -
. It should .be observed: that if ‘no stations are
awaiting their turn to control the punchlng ma-

¢hine:then the first ‘signal transmitted: energises -

only.the particular relay RI|—RI12—R{3 related
to the station sending the first signal. That is,
‘a signal from- station No. 1 energizes Ril, one
- from ‘No. -2 energizes '‘Ri2 ‘and-one from No. 3
"energizes RI3.
contacts (Fig. 1) .determines whether Cl, C3$ or
CB is to be energized if a successive signal l's sént.
Thus,:Cl is'always the signal receiving relay for
‘receiving ‘the second-signal if-station No. 1-sent/
a preceding signal to energize Ril. C$ picks up
for the second signal if RI12:was energized by the
first signal, and C§ picks-up for the second signal
if RI3 was energizéd by the first ‘signal.
As.to the setup for the third signal, the ener-
gization of C2, C4, C8 is determined by the pre-
_-vious closure-of the “1” contact of the previously
There is also a
concurrent  energization of -the Ci, C3 .and C§
. relays dependent upon the station. aending the
second signal. :
Consider the following examples:

Punch in order 1—2—3

‘Ril energized on first signal.

" Cl.energized on second signal and Ri2.

_Third signal energizes R13 and C2 and C3 because
RIi2 is set up for second signal.

Relays energized—RIiIl, RI2, RIS, CI,.C2, C8.

First cycle—R0O{ picked up by C2—2. Relays Cl,

. C2, Ril drop out,

Second cycle—R02 picked up by C3—4. RI2,C3
drop out.

. Third cycle—R03 picked up by Ri3—4. RIS
drops -out.

“Punch in order 1—3—2

RI{ energized on first signal.
C1 energized on second signal and Ri3.
Third :signal energizes R12, C2-and.C3 because
R13 is set up for first signal.
Relays energized—RI 1, Ri12, RI3, Cl, C2, 'CB.
First cycle—ROI. picked up by 02—2
RI1{ drop out.
Second cycle——Roa picked. up by C5-—4. ‘RI3, C§
drop out.
_Third cycle—R02 picked up by Ri2—4. RIi2
drops out. _ ‘
- Punch in order 2—1—3

R 12 energized on first signal.
C3 set up for second signal and Ril,

The: closure of the related “1” -

ci, c2,-

C3 drop out.

Second cycle—RA1. picked up by Ci—2.
drop out,

Third cycle—R$3 picked up by Ri3—4. RI3
drops.out. .

Punch in order 2—3—1

RI2 energized on first signal,

C3 set up on second signal and RIS.

Third signal energizes Ril, C4, and C8.

Relays energized—Ri |, Rl: RI3, C3, C4, CB.

First cycle—R02 picked up by C4—2. RIi2, C3
and C4 drop out.

Second cycle-—R03 picked up by C8—4.
RI3 drop out.

Rif, CI

C% and

“Third cycle—R0OI{ picked up by Ril—4. RIiY
20

kdrops’out
Punch in order 3—2-—1
RIS energized on ﬂrst signal.

-C# set up on second signal and Ri2.
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C$ set up on third signal; also C3 and Ri{.
Relays energized—RI1, Ri2, RI3, C3, C§, C8§.

‘PFirst cycle-—CO—! picks up R83. - C§, C§ and

"RI13 drop out.

"Second cycle—C3—4 picks up R82. C3 and Ri2
drop out. -

Third cycle—-RH-—-l picks up Rll Ril drops
out.

Punch in order 3—1—2

RI3 energized on first signal.
CB set up on second signal and Ril.

-C8 set-up on third signal:and'R12; also Cf.

Relays energized—RI{, Rl2, RI3, CI, C8, C6.

Pirst cycle—C8—2 picks up R83. C6, CS and R13
drop out. ,

8econd cycle—Ci—4 picks up R8I.
drop out.

Third cyclt.hRﬂ—-l picks. up R02. Ri2 drops
out.

Smmcmc FOR ‘SIGNALS RECEIVED
SIMULTANEOUSLY

. If impulses are recelved from two or three sta-
tions simultaneously, or very nearly simultane-
ously, the sequencing unit will cause punching
to be effected from the stations in ‘a predeter-
mined sequence. For example, signals from sta-
tions Nos. 1 and 2 may be received simultaneously

Cl and Ri|

and Rl and RI2 will both be energized. How- -

ever; upon transmission ‘of ‘the selection impulse
by SC3, R0 will be energized first because of the

:precedence in order that RII—4 contacts take

with respect to R12—4 contacts. Three simul-
taneous signals from stations Nos. 1, 2 and 3 will
cause readout from such stations in the named
order.

The particular order in which recording is ef-
fected is also influenced and controlled by the
stick circuits for Ril, RI2, RI3 relays. Upon
completion of punching a card under control of
the stations the respective R3 relays of such sta-
tions deenergize to open their R3-—4 contacts

‘and’ deenergize their reiated Rii, RI2 -and Ri3

relays. By similar wire.connections the Rl relay
is:deenergized when the R3—4 contacts of sta-
tion'No. 1 open, R12 deenergizes when the R3—4
contacts of station No.’2 open and ‘RI3 ‘deener-

.gizes when the R3—4 contacts of station No. 3

open. Thus, the normalizing of R13-—4, RI2—4,
Ri{—4& contacts in the RO selection circuit also
control the order-of readout of the stations.




- No, 1.
-DOB2 contacts of station No. 2 deenergize the C3
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FURTHER OBSERVATIONS OF SEQUENCING CIRCUIT

As the C relays which are utilized to-set up
- received signals are deenergized, they also'enable
the normal positioning ‘of their “2” and “4” con-
tacts to control the punching sequence. - The
Cl.and C2 relays are deenergized upon the. open-
ing of the DOBI and DOB2 contacts of station
By similar wire connections DOB! and

‘and C4 relays, and also ' DOB{ and DOB2 con-

- -tacts of station No. 3. deenergize the C§. and CS
relays.

.. The- contmued cyclic operation of the machine

is held by the Ri1i—3, R12—3 and R{3--8 con-’

- .tacts in the stick circuit of the PS relay (Fig: 1)
and as long as one of the. Bil, R12, RI3 relays
is energized the punching machine continues lts
-~ operation. :

Another observation that: should be made is the
relative timing of the SCI and SC3 contacts,

In prior examples it was assumed that one or
more signals are recelved when'the. punching
.machine is at rest, with 8CI:contacts normally
closed. This is not:always the case but to pre~

- vent signals received from. any of. the stations-

from affecting the selection circuit when SC8.cam
contacts close to determine the.sequence.of re-
- cording of previously received. signals; cam con-
tacts SCl are open at this time. - (See Fig. 17.)

‘Thereafter, when a sequence. of punching has-

been determined; cam contacts SCI close:for the
duration of the punching cycle and .any previ-
ously received signals, or subsequently received
signals, may. set .up .the Rii, RI2,

punching.

17
ing of CZ—I . When C2 energizes C2—1 closes
and then RI5 is picked up. This same sequence

. occurs for other pairs of relays C3, C4, and CS5,

C6 due to the similar positioning of: their contacts
in the RI5. energizing circuit, .

As for the energizing. circuit for the RIG relay
the impulse from.R(5—T passes through the “5”

:.contacts of all of the preyviously energized RII,

10

RI2, RI3 relays, if any are energized, and through‘
such transferred contacts if any are, and Cl—3,

. C3—3, C5—3 contacts when they close.

. As for the RIT _relay-the latter is helci ‘ener-
gized as long as any- of the R4, RIB, RI6 relays

" ‘are energized because the stick circuit for R17

1

Is through R14—38, RI5—8 and R16—8 contacts.

" 'Of "course as-long as RIT is energized RIT—I-
. contacts are closed to keep. RI8 energized.

While there ‘have been shown and described
and pointed out the fundamental novel. features
of the invention as applied to a single .embodi-
ment, it will be understood that various. omissions
and substitutions and changes in the form and
details of the device illustrated and in.its oper-

““ation. may ‘be made by those.skilled in the art

without departmg from the spirit of the inven-

tion,” It is the’ intention, therefore, to be lim-

ited only as lndicated by the scope of-the follow-

ingclaims, ‘ :
What is claimed is as follows :

-1, In a punching system having a single punch-

_ing machine for .punching’ digit representations
derived from a plurality. of control stations,-the

“combination of a plurality of keyboards one at

Ri% -and C
relays for determimng the sequence of subsequent :

It is also unnecessary to terminate punching -

after three signals are received, as might be
interpreted from the previous examples because
in-the third punching cycle another one or more
signals can be received and effect a still further

40

cyclic operation of the punching machine, This -

signal may even be derived:from the last station
utilized to control the punching machine because
upon completion of punching from a station the

Ril, RI2, RIS relays can again be.set up-and

- & repetition of punching under control! of the
same station follows. For example, if punching

takes place from station No..1, Rl is energized

to open Ril—2. If RI2 and RI3 are energized
Arom previously received signals Ri2—2 and
R13—2 are also open. Upon completion of punch-
~ing from station No.-1 Ril deenergizes and a

signal may again be sent from this station. Its-

-R3—5 contacts close and through Ri{—2 ener-
gizes RI4, and other relays in the manner previ-
ously explained to set up a sequence signal for
.station No. 1.
. It should also be observed that relays ct, C2,
C3, C4, and C5 and C8 are energized in sequence
in pairs. First Cl, and then C2, C3 if selected
then C#, C§ if selected and then CS.
taneous energization -for one signal is prevented
because.as one. pair of RI6 contacts close in the
circuit of the odd numbered: C relay the other
R 15 contacts in the even numbered C relay opens.
Note: RI15—2 closes as RI5—I opens.. The even
numbered C relay is picked up by the “1” con-
- tacts of the odd numbered. C relay and the second
signal before RI5 energizes. The energization of

RI5 is held up to take care of this by the con-

‘tacts controlled by.the C relays which are in the
RIS energizing circuit. . CI—2 transfers after
RIS energizes on. the first signal. The -second
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Simul- -

70

each station, a plurality of storage -devices at
each station, means under control of the. keyboard

_at each station for invariably, setting up digit.rep-
; resentations in one storage device and upon com-

pletion of digit setups therein for transferring
the digit representations to the other storage de-
vice of the same station, and sequencing means
for causing the punching machine to successively
punch digit representations under control of the
storage devices which receive the tra.nsferred digit
representations.

2. In s punching system ha.vng P single punch—
ing machine for punching digit representations
derived from' a plurality of punch:control sta-
tions, the combination of a plurality of keyboards,
one at each station, a plurality of storage devices
at each station, means under control of the key-
board at each station for always setting up digit

'representations in one storage device and upon

completion of diglt representations- therein for
transferring the digit representations to the other
storage device of the same station, and sequenc-
ing means for. effecting. the operation of. the
punching machine under control of the storage
devices recelving the transferred digit represen-
tations and in the same order that the storage de-
vices receive transferred digit representations.

3. In a punching system having a single punch-
ing machine . for punching digit representations

derived from s plurality of punch control stations,
the combination of a plurality of keyboards, one
at each station, a plurality of storage devices at
each station, means under control of the keyboard

-at each station for always ‘setting. up digit repre-

sentations in one storage device, manual means
operative upon completion of digit representations
in - said. keyboard: controlled storage device. for
transferring the digit representations from the
keyboard controlled storage device to the other
storage. device of the same station and clearing
said . keyboard control]ed storage. - .device, and -

signal energizes C2 before Ri5 due to the open~- 78 means for effecting the operation of the punch-
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ing machine in succession under control of the
‘storage devices. receiving transferred digit repre-
sentations.

4. In a punching system having a single punch-
ing machine for punching digit representations
derived from a plurality of punching control sta-
tions, the combination of a plurality of keyboards,
_one at each station, a plurality. of storage devices
at each station, means under control of the key-
‘board at each station for always setting up digit
representations in one keyboard controlled: stor-
age device and upon completion of digit repre-
sentations therein for transferring the digit repre-
sentations to the other storage device of the same

station and clearing out the keyboard. controlled

storage device, sequencing means to connect the
storage devices receiving the transferred digit
representations to sald punching machine in the
same order that the storage devices receive trans-

ferred digit representations. and: to_operate said
punching machine under control of the connected:

storage device, and. means operative. when said
storage devices have been utilized to control digit

punching by the punching machine to clear the.

storage devices of their digit representations.
5. In a punching system having a single punch-

ing machine for punching digit representations.

derived from a plurality of punching control sta-
tions, the combination of a plurality of keyboards,

one at each station, a plurality of storage devices.

at each station, means under control of the key-

board at each station for always setting up digit.

representations in one storage. device, manual
means operative upon completion of digit registra-
tions in the keyboard controlled. storage device
for transferring the digit representations to the

10
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chine in the same sequence that digit representa-
tions are completed.in the storage devices, where-
by in order of seniority and completion. of digit
representations the plurality of storage devices
control the punching machine.

8. In a. punching system provided with a single
punching machine for punching digit represen-
tations derived from: a plurality of keyboard sta-_
tions, the combination of a plurality of storage
devices at said stations, there being only one stor-
age device at each station to control the punch-

* ing- machine, means under: control of the. key-

18
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other storage device of the same. station, and: .
means initiated in operation upon completion of -

a storage device receiving the ‘transferred digit.

representations for connecting the punching ma-
chine with the storage devices receiving the trans-
ferred -digit representations, said last. named

means comprising sequencing means. to connect -

the punching machine to the storage devices in

the same order the latter recelve the transferred:

digit representations.

6. Ina punching system having a single punch-
ing: machine for punching digit setups derived
from a plurality of punching control stations, the

combination of a plurality of keyboards, one at

each station, a plurality of storage devices at each
station, means under control of the keyboard at
each station for always setting up digit repre-
sentations in one storage device and upon com-
pletion of digit registrations. therein for trans-
ferring the digit representations to the other
storage device of the same station and for clear-
ing out the keyboard controlled storage device, and
sequencing means for connecting the storage de-
vices receiving the transferred digit representa-
tions to said punching machine to punch under
control of the storage devices in succession and
in the same order that the storage devices receive
transferred digit representations.

7. In a punching system provided with a single
punching machine for punching digit representa-
tions derived from a plurality of keyboard sta-
tions, the combination of a plurality of storage de-
vices at said stations, means under control of the
keyboard at each station for setting up said stor-
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age devices to represent digit representations, and -

means to connect the storage devices receiving
completed digit representations with said punch-
ing machine comprising sequencing means to con-
nect said storage devices with sajd punching mas

8

board at each station for setting up said storage
devices to receive completed digit representations
at the stations, sald digit settings for the plurality
of storage devices being completed in a variable
sequence, and means to connect the storage de-
vices receiving completed digit’ representations to
said punching machine, comprising sequencing
means. set in operation upon completed digit re-

-presentations of the storage devices to cause said

storage.  devices to- be utilized to. control said
punching machine in the same sequence that
digit representations are completed: in the lat-

. ter, whereby in order of seniority and compie-
- tion of digit.representations the plurality of stor-
.age devices control the punching machine.

9. In a punching system provided with a single
punching. machine for punching digit represen-

‘tations derived from a plurality of keyboard sta-

tions, the combination of a plurality of storage
devices at said stations, only one at each station
for. controlling . sald punching machine, means .
under control*of the keyboard at each station
for. setting. up .said: storage.devices, the setting
of said storage devices at the plurality of stations
being completed dissimultaneously or simultane-
ously, and. sequencing means to connect said
storage devices to said punching: machine in the
same sequence digit representations therein are
completed when: digit representations are com-
pleted dissimultaneously, and for causing said
storage devices to be connected with sald punch-
ing machine in a predetermined order when digit
representations therein are completed simul-
taneously. . :

10. In g punchlng system -provided - with a

- single punching machine for punching digit rep-

resentations derived from a plurality of keyboard
stations, the combination of a plurality of storage
devices at said stations, means under control of
the keyboard. at each station for setting up one
of sald.storage devices, said storage devices at
the plurality of stations being completed in their
digit representations in an. invariable sequence,
and means-to connect the storage devices receiv-
ing completed digit representations with said
punching machine comprising sequencing means
set-in operation upon completion of digit repre-
sentations. in . the storage devices to cause the
cyclic operation of the punching machine under
control of the storage devices connected thereto,
and the continued cyclic operation of the punch-
ing. machine: by connecting the latter with the
storage devices receiving completed digit repre-
sentations always in the same order the. storage
devices recelve completed digit representations.

11. In a punching system having a single
punching machine for punching digit representa-
tions derived from a plurality of control stations,
the combination of a plurality of keyboards, one
at each station, a plurality of storage devices at
each station, means under control of the key-
board:at each station for-always setting up digit

-representations in one storage device and upon
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_from card to card but remain -alike in the de-

completion of digit representations therein for
transferring the digit representatlons to the other
. storage device, sequencing means. for effecting
‘the operation of the punching machine under
control of the storage devices receiving the
transferred digit representations and for succes-
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‘nominational representation of digits.
14, In a punching system having a: single

- punching machine for punching. digit representa-

stvely connecting such storage devices to the .

" -punching machine, upon completion ‘of -their

digit representations, a plurality of signa.ls at
each station, means for causing one of said sig-
nals. to be responsive’ when & digit .trans-
fer Is effected from one storage device of the
related station to the other storage device of the
same station to indicate completion of a transfer,
.and other means for causing the other signal to
. be responsive when -8 storage device of the re-
lated station has received a digit transfer and
has not yet been connected to control 'sa.id punch-
ing machine.
12, In & punching system having a - single
- punching machine for punching digit represen-
tations derived from a plurality of control sta-
tions, the combination of a plurality of key-
boards, one at each station, a plurality of storage
devices at each station, means under control of
the keyboard at each station for always setting
--up digit representations in ‘the keyboard con-
trolled: storage device in a variable number of
orders dependent upon the number of digits to
be set up, which orders vary denominationally,
means for transferring the digit representations
from the keyboard controlled storage. device to
the other storage device, the orders of which do
not vary denominationally compensating means
variably operated according to the number of
digits set up in the keyboard controlled storage
device for diverting the digit entry to said other
storage device to cause the orders thereof to
receive & digit transfer in corresponding orders,
and means:for connecting said other storage de.
vices when they receive the transferred digit rep-
resentations to said punching machine to cause
the latter to punch cards with digit representa-
tions in perforated card columns which may vary
in number from card to card but remain alike
in the denominational representation of digits.
13. In a punching system having a single

10

_tions derived from s plurality of contro] sta-
-tions, the combination of a plurality of key-

boards, one at each station, a plurality of stor-

_.age devices at each station, means under con-.
. trol of the keyboard at each station for always

setting up digit representations in the keyboard

. controlled .storage ‘device in a code representa-

tion different from the keyboard code but in a

variable number of denominational orders de-

pendent upon the number of digits to be set-up,
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-means for: transferring the digit representations
. .from the keyboard controlled storage. device to

_. the other storage device but effecting a repre-
- sentation In the same code setting as the key-

«b

punching machine for punching digit represen- -

tations derived from a plurality of control sta-
tions, the .combination of a plurality of key-
boards, one at each station, a plurality of storage
devices at each station, means under control of
the keyboard at each sttaion for always setting
up digit representations as a combinational set-
ting in the keyboard controlled storage device
but in a variable number of denominational or-
ders dependent upon the number of digits to be
set up, means for transferring the digit represen-

tations from the keyboard controlled storage de-.

vice to the other storage device in the same
combinational setting, compensating means vari-
ably operated according to the number of digits
set up in the keyboard controlled storage device
for diverting the digit entry to said other storage
device to cause the orders thereof to receive a
digit transfer of corresponding orders, translator
means set under control of said other storage
device to convert the combinational setting to
another code representation, and means for con-
necting said translator means at each of said
stations to said punching machine to cause the
latter under control of the translator means to
punch cards with digit representations in.perfo-
rated card columns which may vary in number
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board. controlled -storage - device, compensating

- means variably operated according to the num-
.ber of digits set up in the keyboard.controlled

storage device for diverting the coded digit entry

-to said other storage device to cause the orders

thereof to receive a coded digit transfer of cor-
responding orders, decoding means at each of the
aforesaid stations and controlled by the storage
device - receiving the coded digit transfer, and

means for connecting said decoding means at

each station to said punching machine in suc-
cession:-to cause the latter to punch cards with
digit representations in another code and in per-
forated. card columns which. may vary in num-
ber from card to card but remain alike in the
denominationa.l representation. of digits,

15. In a punching system having a punching
machine for punching digit representations, the
combination of a keyboard, a plurality of storage
devices, means under control of the keyboard for
setting up digit representations in the storage
device in a variable number of denominational
orders dependent upon the number of digits to
be set up, means for transferring the digit rep-
resentations from the keyboard controlled stor-
age device to the other storage device, compen-
sating means variably operated according to the
number of digits set up in the keyboard controlled
storage device for diverting the digit transfer
to said other storage device to cause each of the
orders thereof to receive a digit of the corre-
sponding denominational order, and means for
connecting said storage device receiving the digit
transfer to said punching machine to cause the
latter to punch cards with digit representations
in perforated card columns which may vary in
number from card to card but remain alike fn
the denominational representation of digits.

16. In a punching system provided with a sin-
gle punching machine of the type having a single
punch selecting instrumentality for each card
column for operating the punches at differen-
tial times during the passage of the card past
sald punches, the combination of a plurality of
storage devices at said stations, only one at each
station for controlling said punching machine, a
plurality of keyboards one at each station, means
under control of the keyboard at each station for
setting up said storage devices, sequencing means
for coordinating the storage devices with the
punch selecting instrumentalities of the punching
machine when each storage device has received
a digit transfer and in the sequence that the
storage devices at the stations receive the digit
transfers, and means for opersting the punch se-
lecting instrumentalities of the punching ma-
chine under control of the storage devices as the
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latter are selected for control by the sequencing
means. i

17. In a punching system provided with a single
punching machine of the type having a single
punch selecting instrumentality for each card
column for operating the punches at differential
times during the passage of the card past the
punches, the combination of a plurality of storage
devices, a keyboard for each station, means under
control of the keyboard at each station for set-
ting up one of said storage devices to represent
digits and for transferring digit representations
to the other storage device of the same station,
sequencing means for coordinating the storage
devices with the punch selecting instrumentali-
ties of the punching machine as each storage de-
vice receives a digit transfer and in the same
sequence that the storage device at the stations
receive the digit transfers, and means for operat-
ing the punch selecting instrumentalities of the
punching machine under control of the storage
devices ‘as the latter are selected for contrgl by
the sequencing means. ‘

i8. In. a punching system having a punching
machine for punching digit representations, the
combination of a keyboard, a plurality of storage
devices, means under control of the keyboard for
setting up digit representations in the storage de-
vice in ‘'a variable number of denominational
orders dependent upon the number of digits to
be set up, means for transferring the digit rep-
resentations from the keyboard controlled stor-
age device to the other storage device, compen-
sating means variably operated according to the
number of digits set up in the keyboard con-
trolled storage device for diverting the digit entry
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to said other storage device to cause the orders

thereof to receive a digit of the corresponding

denominational order, and means for connecting
said  storage device recelving the digit transfer
to sald punching machine to cause the latter to
punch cards with digit representations in perfo-
rated card columns which may vary in number
from card to card but remain alike in the de-
nominational representation of digits.

-19. In a punching system provided with a single
punching machine for punching digit represen-
tations derived from a plurality of keyboard sta-
tions, the combination of a plurality of storage
devices, there being one storage device at each
station to control the punching machine, means
under control of the keyboard at each station
for setting up said storage devices, said storage

: devices having digit representations therein com-

pleted in a variable sequence, and means to con-
nect- the storage devices recelving completed
digit representations with said punching me-
chine, comprising sequencing means set in oper-
ation each time there is a completed digit repre-
gsentation in one of the storage devices and o
cause the operation of the punching machine
under control of the storage devices In the same
sequence that digit representations are com-
pleted in the latter, whereby in order of seniority
and completion of digit representations the plu-
rality of storage devices controls the punching
machine and the cyclic operation of the latter
continues until the last storage device receiving
a completed  digit registration controls the
punching machine. i
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