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UNITED STATES PATENT OFFICE 
2,398,014 

RECORD PUNCHING MACENE 

Clair D. Lake, Binghamton, Francis E. Hamilton, 
Endicott, and Benjamin M. Durfee, Bingham 
ton, N. Y., assignors to International Business 
Machines Corporation, New York, N.Y., a cor 
poration of New York 

Application February 15, 1945, Serial No. 578,110 
(C. 164-113) 33 Claims. 

This invention relates to apparatus for punch 
ing item designations into record material. 
The items to be designated may be values or 

control information. Record mediums bearing 
value or control item designations are used to 
control a calculator. The value designations ex 
tend in the direction of feed of the record medium 
through a calculator. Such direction may be re 
ferred to, for convenience, as the vertical direc 
tion. The control designations extend at right 
angles to the direction of feed of the record me 
dium through a calculator or in a direction which 
may be called horizontal. It may be mentioned 
that in automatic letter writers, the character 
designations also run in a horizontal direction on 
the record medium, Walue designations are to be 
recorded here according to a Code in which some 
of the digital values are designated by Single 
perforations and others by combinations of per 
forations. Such code may be called a combina 
tional value code. The control designations are 
to be recorded here in accordance With a Special 
code in which control items are represented by 
single perforations or combinations of perfora 
tions and, further, by their location in one or 
another of a plurality of Zones of index positions. 
An object of the present invention is to provide 

novel means for controlling punching apparatus 
to perforate record material according to different 
codes of data, designations. 
An object of the invention is to provide punch 

ing apparatus for punching record material ac 
cording to a code in which the designations run 
horizontally or, alternatively, according to a code 
in which the designations run vertically. Specifi 
cally, the invention provides a punching appara 
tus which may be operated to punch a record mes 
dium with value designations running vertically 
or, alternatively, to punch a record medium with 
control designations running horizontally. 
An object of the invention is to provide punch 

ing apparatus for punching the perforations, com 
bining to represent a digit in a combinational 
Code, Successively. 
An object of the invention is to provide punch 

ing apparatus with a keyboard or the like for 
manually selecting digits to be punched in com 
binational code and with means for thereafter 
punching perforations combinationally repre 
Senting the selected digits in succession. 
An object of the invention is to provide punch 

ing apparatus performing a given machine cycle 
in which it may punch a selective number of lines 
of perforations. Specifically, the invention pro 
vides a punching machine which in a given cycle 
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is controlled to punch either four horizontal lines 
of perforations to represent values according to 
a combinational code or, alternatively, to punch 
two horizontal lines of control data designations. 
An object of the invention is to provide punch 

ing apparatus to punch lines of perforations, en 
tering into data designations, at selective dis 
tances apart. Specifically, the invention provides 
a punching machine for punching two lines of 
control data designations in the same vertical 
space of a record medium in which the machine 
may punch four lines of value data, designating 
perforations, spacing the two lines of control 
data designations twice as far apart as two suc 
cessive lines of value data designating perfora 
tions. 
An object of the invention is to provide punch 

ing apparatus in which a concurrent Selection of 
perforations for successive horizontal lines of the 
record medium controls the successive punching 
of the lines of the selected perforations. In one 
aspect, the invention provides a punching ap 
paratus in which control items for Successive 
horizontal lines are selected by setting up a key 
board or the like and in which the two lines of 
selected control items are punched successively 
in a machine cycle. In a second aspect, the in 
vention provides a punching apparatus in which 
the digits of a single amount are selected by set 
ting up a keyboard or the like and in which 
Successive horizontal lines of index positions are 
perforated, one after another, during a machine 
cycle to represent the amount in accordance with 
a chosen code. 
An object of the invention is to provide novel 

keyboard means for controlling punching means. 
An object of the invention is to provide key 

board means with elements for Selecting data, to 
be punched and also with control means for con 
trolling the mode of operation of the punching 
leaS. 

An object of the invention is to provide inter 
changeable keyboards with self-contained con 
trols for selecting different modes of Operation 
of the punching means. Specifically, the inven 
tion provides a keyboard for values and a key 
board for control items. Either one of these key 
boards may be applied to the punching machine. 
Upon application of either keyboard to the ma 
chine, the controls in the keyboard act to con 
dition the machine for the mode of Operation for 
punching the type of data settable on the applied 
keyboard. 
Another object of the invention is to provide 



novel stepping mechanism for a record tape or 
the like. 
The invention also aims at improvements in 

the punch actuating means. 
It is to be understood that in several respects, 

the invention applies not only to recording by 
punching but to recording generically. 
Other objects of the invention will be pointed 

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 con 
templated, of applying that principle. 
An example of the use of the invention is in the 

punching of tapes for a calculator disclosed in 
application Serial No. 576,892, filed February 8, 
1945. 
In the drawings: 
Fig. 1 is a plan view of the machine, with 

covers removed and neither keyboard attached. 
Fig. 2 is a section along lines 2-2 of Fig. 1. 
Fig. 2d shows a portion of Fig. 2 on a magni 

fied scale. 
Fig. 3 is a section along lines 3-3 of Fig. 1. 
Fig. 4 is a section along lines 4-4 of Fig. 1. 
Fig. 5 is a section along lines 5-5 of Fig. 2, 

and is shown On a magnified scale. 
Fig. 6 is a plan view of the value keyboard. 
Fig. 7 is a plan view of the control item key 

board. 
Fig. 8 shows a fragment of a value record tape 

prepared by the machine. 
Fig. 9 shows a fragment of a control record 

tape prepared by the machine. 
Fig. 10 indicates the code for value designa 

tions. 
Fig. 11 is a timing chart for the machine. 
Fig. 12 shows the circuits relating to the value 

keyboard and the punching means. 
Fig. 13 diagrammatically shows the electrical 

features of the control item keyboard. 
Successive sections of the same roll of tape 

may be perforated with value and control data. 
The sections of the tape bearing value data may 
Subsequently be severed from the tape sections 
punched with control data. If desired, individual 
Sections of the tape bearing value data may then 
be attached to one another to form a long value 
tape, and individual sections of the tape bearing 
control data may also be attached to one an 
other, if desired, to form a long control tape. Al 
ternatively, it may be found more convenient to 
insert a roll of tape in the machine to receive 
value perforations and to remove this tape and 
insert another roll of tape to receive the control 
perforations. Regardless of whether the same roll 
of tape or different rolls are used to receive the 
value and control data, sections of tape punched 
with value data will be called value tapes, and 
Sections of tape punched with control data will 
be called control tapes. 

Fig. 10 shows a section of the tape punched 
with the code used for value designations. The 
arrow indicates the direction in which the tape 
feeds to the punches. Four successive rows of in 
dex positions 1, 2, 3, and 4 constitute a single 
value record. In accordance with the code used 
herein, digit 1 is represented by a perforation in 
the 1 index position of a column of index posi 
tions. Digits 2, 3, and 4 are represented by per 
forating a column in the 2, 3, and 4 index posi 
tions, respectively. Digit 5 is represented by per 
forations in the 1 and 2 index positions of the 
Same column. Digits 6 and 7 are similarly rep 
resented by the combination of the 1 perforation 
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2,898,014 
with the 3 and 4 perforations, respectively. Digits 
8 and 9 are represented by combinational per 
forations 2-3 and 2-4, respectively. There are 
twenty-four columns of index positions, so that a 
number with as many as twenty-four places may 
be represented in one value record. It may be 
mentioned that if any of the places in a number 
contains zero, the related column of index posi 
tions is left blank. To summarize, the code used 
for the designations on a value tape represents 
items by the selective, differential disposition of 
perforations along vertical lines of the value 
record. 

Fig. 8 shows a length of value tape prepared by 
the machine. The direction in which the tape 
feeds to the punches is indicated by the arrow. 
The tape is punched with successive value records, 
each bearing the designations of one amount. 
The dotted horizontal lines have been inserted 
in Fig. 8 to Separate the value records but are 
not actually present on the tape. Nor are the 
column-defining lines actually present on the 
tape. 

Fig. 9 shows a length of control tape prepared 
by the present machine. The arrow indicates the 
direction in which the tape feeds to the punches. 
The code for control designations punched on 
the control tape is one in which the designating 
holes are selectively significant in accordance 
with their differential horizontal disposition 
across the tape. The control tape is of the same 
width as the value tape and it has twenty-four 
similarly spaced columns of index positions. 
These columns of the control tape are divided 
into three fields A, B, and C, each with eight 
columns. The index positions in each field are 
known as the 8, 7, 6 . . . 1 positions and may be 
referred to as the A8 to A, B8 to B, and C to 
Cf positions to indicate in which of the fields 
they are contained. A single horizontal row of 
these index positions on the control tape con 
Stitutes One control record. The Column defining 
lines shown in Fig. 9 are not actually present on 
the tape as produced. Nor are the dashed lines, 
Separating fields A, B, and C and also separating 
the index position rows, actually present on the 
prepared tape. Considering the top row of the 
tape shown. in Fig. 9, it constitutes a single con 
trol record bearing control designations. A74, 
B76, and C2. The next row of the control tape 
is another control record and it bears control 
designations A3 and C32. Similarly, each of the 
other horizontal rows of the control tape con 
stitutes a single control record bearing designa 
tions of control items. The purposes of the con 
trol designations do not bear on the present in 
vention, but it may be pointed out that the desig 
nations may represent letters, numerals, symbols, 
words, machine functions, etc., as desired. For 
example, the designations represent machine 
functions in the Calculator disclosed in the afore 
mentioned application. Permutations of the 
eight index points in each of the zones A, B, and C 
provide for 256 different codal representations 
in each Zone, or a total of 768 for all three zones. 
For instance, in the top row of the tape shown 
in Fig. 9, the designation A74 calls for the read 
ing out of an amount from a switch row #1 in 
the aforementioned calculator, the designation 
B6 calls for the calculator to perform multi 
plication, and the designation C2 calls for in 
version of the amount as it is read out of the 
Switch row. The designation A3 in the next row 
calls for the reading out of an amount from a 
storage register #3, and the designation C32 calls 
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for inversion of the amount read Out of the 
register. It is seen that the control tape bears 
items designated by perforations codally signifi 
cant according to their horizontal, differential 
disposition. On the tape. 

Both the value and the control tapes have feed 
holes f at each side. The feed holes in a tape 
are perforated, during a machine cycle, in every 
other line of the tape. Comparing the control 
and value tapes, their feed holes are similarly 
spaced but their rows of index positions are dif 
ferently spaced. The index rows on the control 
tape are twice as far apart as those on the value 
tape. As will be described in detail later, the 
machine performs a machine cycle in which four 
Successive steps of feed of the tape Occur, each 
step being the distance between successive lines. 
When the machine is conditioned for operation 
on a value tape, it performs four Successive 
punching steps, each following a step of line Spac 
ing of the tape. When the machine is condi 
tioned for operation on a control tape, it per 
forms two punching steps, one after the first line 
space step and the other after the third line space 
step. Thus, when punching the control tape, the 
machine skips punching of every other line. 
There are two keyboards, one used when the 
value tape is to be punched and the other used 
when the control tape is to be punched. The 
value keyboard is settable with a single amount 
and the punching machine then operated for a 
cycle to punch the four successive rows of index 
positions 1, 2, 3, and 4 of a value record, one roW 
after another, in accordance with the selected 
amount. The control keyboard is settable with : 
the control items for two successive control rec 
ords, each such record consisting of One row of 
index positions. The punching machine is then 
brought into operation for a cycle to punch the 
two rows of index positions with the designations 
of the selected control items. 
The machine includes a motor DM (FigS. 1 and 

4). The motor, through worm gearing 0, rotates 
a gear f. Gear if meshes with a gear 2 to drive 
a shaft 3 continuously. One revolution of shaft 
3 is taken as the measure of a machine cycle 
(Fig. 11). Cams C, C2, C3, C4, and C5 are fixed 
to shaft 3 for operating cam contacts CC, CC2, 
CC3, CC4, and CC5 (Fig. 12). The shaft 3 
through a conventional one-revolution clutch 
drives an assembly including gears 4a and 4b. 
and a driven clutch disk 6. A drive clutch disk 
5 is fixed to shaft 3 and formed with a notch 
5a (Fig. 3). Driven disk 6 carries a clutch 
pawl . A spring 8 urges the nose of the pawl : 
towards the disk 5, but the pawl is normally 
latched by the armature 9 of a clutch magnet 
PCM. Upon energization of the clutch magnet, 
it unlatches the pawl 7, permitting it to engage 
the notch 5d in disk 5. Such engagement can 
occur only at a definite point of the revolution of 
shaft 3. This point is the beginning of a ma 
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The driven clutch assembly also includes the 

gear lab which through gearing 22 drives a cam 
shaft 2. The ratio of gears 4b and 22 is such 
that shaft 23 makes four revolutions in a ma 
chine cycle. Fixed to shaft 23 are two cams PC 
and PC2 for operating cam contacts PCfa and 
PC2a shown in Fig. 12. Shaft 23 carries a gear 
24 (Figs. 1 and 2) which through idler gear 25 
drives, in 1:1 ratio, a gear 26. Gear 26 is fixed to 
a knock-off camshaft 2. 

Fixed to shaft 23 are complementary punch 
cams 28a and 28b (Figs. 1, 2, and 5). A pair of 
arms of a rocker 29 carry rollers 29a and 29b en 
gaged with cams 28a and 28b, respectively. The 
rocker 29 has a third arm which is fixed to a 
shaft 30 journaled in side plates 740 and 742 of 
a sub-frame (see Figs. 1 and 5). Also fixed to 
this shaft is a pair of arms 3 carrying a punch 
operating plate 3 a. During each revolution of 
shaft 23, cams 28a and 28b effect an oscillation 
of rocker 29, its shaft 30, and the punch operat 
ing plate 3 a. There are twenty-six punches 32 
(Figs. 2 and 5). The two end punches 32f are of 
larger diameter than the others and serve for 
punching the feed holes f (Figs. 8, 9, and 10) 
into the tape. The twenty-four remaining 
punches serve for punching the data designat 
ing holes in the columns of either the value or 
control item record tape. Punches 32 are guided 
for vertically slidable movement in a frame 33 
and adapted to coact with a die 34 in punching 
the tape material. 
The punches 32 are individually pivoted to 

levers 35. Each lever has a notch 35a. The up 
per wall of the notch Overlaps the top of plate 3 (t. 
in all positions of the lever. Hence, upon the 
upward stroke of plate 3a, it positively returns 
the lever 35 and connected punch 32 to upper 
positions. The lower wall of the notch 35a is 
shorter than the upper wall and, in the retracted 
position of the lever 35, the lower wall of the 
notch is out of the path of plate 3a, as best 
shown in Fig. 2d. However, upon forward, coun 
ter clockwise movement of lever 35, its notch 35d. 
receives the tip of plate 3 a. Hence, on the sub 
sequent down stroke of the plate 3d, it depresses 
the lever 35 and connected punch. The forward 
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chine cycle (see Fig. 11) and is denoted by letter . 
D. The clutch pawl, when engaged in notch 5a 
of disk 5, couples the driven assembly to shaft 
3 for rotation thereby. Gear 4a of this as 
sembly serves through gearing 20 to drive a gear 
2 which is fixed to a shaft 5 a carrying the 
lower, tape feed rolls 5 (see Fig. 2). Gearing 
2 la (Fig. 3) is provided between the shaft 5 fa 
and upper feed roll shaft 50a. The shaft 50a 
carries the upper, tape feed rolls 50. The gear 
ratios are such that the feed rolls make a Small 
fraction of a turn for one revolution of the gear 
?ta; i. e., in a machine cycle. 
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75 

movement of a lever 35 is effected upon energiza 
tion of a related punch magnet PM. Each lever 
35 is pivotally connected to a link 36 which is in 
engagement with a lever 37. Springs 38 between 
levers 37 and links 36 maintain the levers and 
links interengaged. Each lever 37 is swiveled to 
vertically slidable bar 39 which is urged upwardly 
by a spring 4 f. Each bar 39 is notched to en 
gage the end of the armature 40 of a punch mag 
net PM. These punch magnets are staggered in 
position, as may be understood from Figs. 1 and 
2 to allow the bars 39 to be arranged closely to 
gether side-by-side. Upon energization of a 
magnet PM, it causes downward movement of 
the related bar 39. Bar 39 thereupon rocks as 
sociated lever 37 counterclockwise. In turn, the 
lever 37, through link 36, effects similar move 
ment of lever 35. The lever 35 is thus moved to 
forward position upon energization of the as 
sociated magnet PM. The magnet PM is ener 
wized only momentarily, but the lever 35 is 
latched in forward position, in which its notch 
35a receives the tip of plate 3 ?a, until the con 
nected punch 32 perforates the tape. The latch 
ing means comprises levers 42, One for each lever 
35. The latches 42 are pivotally mounted on a 
cross bar 44 and connected to the levers 35 by 
springs 43 which urge the levers and latches to 



4. 
maintain engagement. In the retracted position 
of a lever 35, its upper end is engaged with the 
bottom step of the associated latch 42. Upon 
tle forward movement of the lever 35, its upper 
end moves into engagement with the top step of 
latch 42 which, thereby, keeps the lever in its 
folward position. The bar 44 limits the move 
ment of latches 42 so that they cannot follow the 
downward movement of the levers 35. Upon the 
down stroke of punch operating plate 3a, it de 
presses those levers 35 which have been latched 
in their forward positions and causes the con 
nected punches to perforate the tape. As the 
down stroke of plate 3a and the levers 35 is 
completed, the upper ends of the levers move 
below the upper steps of the latches 42. Springs 
43 thereupon return the levers 35 to their re 
tracted, clockwise positions in which they engage 
the bottom steps of latches 42 and in which their 
notches 35a release the plate 3 a. To insure the 
return of levers 35 to their retracted positions, 
the knock-off cam shaft 27 strikes the tails of 
the levers at the completion of the punching 
stroke and effects clockwise movement of the 
eve's. 
The tape to be punched is led from a Supply 

roll (not shown), between the upper and lower 
feed rolls 50 and 5 (Fig. 2), then formed with a 
loop and passed over a guide roller 52. From the 
guide roller, the tape is led over the support plate 
53a and under a guide plate 53 and between the 
punch guide frame 33 and the die 34. A machine 
cycle is then initiated, in a manner brought out 
later in the description of the circuits. During 
the cycle, two successive pairs of feed holes if 
(Figs. 8, 9, and 10) are punched in the tape. The 
operator then brings the tape forwardly a suffi 
cient distance to enable the feed holes to be 
hooked onto feed pins 55a on a feed drum 55 
(Fig. 2). Before doing so, the upper pair of pres 
sure rolls 56 are withdrawn from the drum, in a 
manner described later. The portion of the tape 
in front of the feed holes is cut off so that the 
feed holes can be hooked over those pins which 
appear in Fig. 2 below the upper pressure roll 56 
and so that the leading end of the tape may lie 
flush on the surface of the drum. The pressure 
rolls are then brought back into operative posi 
tion, and the upper rolls then hold the leading 
end of the tape firmly down on the drum. The 
portion of the tape extending between the feed 
holes which have been punched and the punch 
die 34 is then cut away along the margins where 
feed holes are normally punched. Successive ma 
chine cycles are then initiated to punch a length 
of the tape with feed holes. The stepping of the 
tape during the punching of the feed holes in 
the length of tape, behind the portion WhoSemar 
gins have been cut away, is effected by the drum 
55 in a manner to be described. In this Way, the 
proper distance between the feed holes and, there 
fore, between lines of the records to be perforated, 
is established when the tape is inserted in the 
machine. The drum 55 Will feed the tape under 
a second pair of pressure rolls 56. Pressure rolls 
56 engage the tape to keep it flush on the surface 
of the drum. The pressure rolls are carried 
by pairs of levers 57 which are free on rods 58 
(see Figs. 1 and 2). The levers 57 are urged, by 
springs 59, in directions to maintain the pressure 
of rolls 57 on the tape. The levers 57 have short 
outer extensions 57 a gripping oblong portions of 
a shaft 60. On the shafts 60 are handles 6 for 
turning shafts to spread the extensions 57a, apart 
and, thereby, to rock the levers 57 in directions to 
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withdraw the rolls 56 from the drum 55. This is 
done when the tape is being threaded On the drum 
or being removed therefrom. The drum 55 feeds 
the tape to a take-up Spool (not shown). 

Figs. and 3 show the means for effecting 
stepping of the feed drum 55. The druun is fixed 
to a shaft 65. Fixed to one end of shaft 65 are 
two ratchet wheels 67 and 67r having their re 
spective ratchet teeth inclined in opposite direc 
tions. Adjacent to the ratchet wheels is a feed 
pawl carrier comprising a lever 68 free on shaft 
65. One end of the lever 68 pivotally carries a 
feed pawl 69, the nose of which is urged by a 
spring 70 into engagement with ratchet wheel 67. 
The opposite end of lever 68 is pivotally connected 
to the lower end of a link 2. Link T2 is pivotally 
connected at the upper end to an arm 73 free 
on a shaft 74. Also free on this shaft is an ad 
jacent follower lever 75 which has two Spaced 
rollers 6a and 76b respectively engaging comple 
mentary cams 77a and 77b. These cams are fixed 
to the clutch-driven camshaft 23 which, as pre 
viously explained, makes four revolutions in a 
inachine cycle. There is a bent tab 3a on arm 73 
which Overlies an upper edge of follower lever 75. 
A spring 78 connects the outer ends of arm 73 
and the follower lever 75 and normally keeps the 
arm in a position in which its tab 73a is engaged 
with the upper edge of the follower lever. It is 
clear that the clockwise movement of the follower 
lever 75 will act through spring 78 yieldingly to 
effect similar movement of the arm 73 but, on the 
other hand, counterclockwise movement of the 
follower lever will be transmitted positively to 
arm 73. 
A Stud 80 is fixed to the machine frame and 

freely mounts a holding pawl 8 biased by a spring 
82 into engagement with ratchet wheel 67. The 
anchor pin83 for spring 82 is fixed to the frame, 
aS ShoWn in Fig. 1. Also free on stud 80 is an alin 
ing pawl 84 the nose of which is adapted to en 
gage the teeth of ratchet wheel 67 r. The rear arm 
of pawl 84 pivotally carries a hook 85 which is 
hooked into the right hand end of the lever 68. 
A Spring 86 connects hook 85 to fixed pin 83 and 
urges the hook upwardly and, thereby, urges the 
pawl 84 counterclockwise to maintain its engage 
ment with ratchet 67r. The spring 86, at the 
same time, normally keeps the hook engaged with 
a pin 84a on the rear arm of pawl 84 and the hook 
end in engagement with lever 68. During each 
revolution of shaft 23, the cams 77a and 77b effect 
an oscillation of follower lever 75 and a corre 
sponding Oscillation of arm 73. Upon the clock 
wise, yieldingly effected stroke of arm 73, it de 
presses the link 72 to rock the lever 68 clockwise. 
The lever 68 pulls down on the hook 85, thereby 
rocking the alining pawl 84 out of engagement 
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with ratchet wheel 67r. The shaft 65 of the tape 
feeding drum 55 is now free to move clockwise, 
and this action is effected by the pawl 69 which is 
moving clockwise with the lever 68. The lever 68 
continues to pull down on the hook 85 until the 
hook meets a fixed pin 88 and is cammed counter 
clockwise, thereby releasing itself from the lever 
68. Meanwhile, the feed pawl 69 has moved the 
drum clockwise for one step plus a slight over 
throw to insure the passage of the top of a tooth 
past the nose of detent 8. Upon release of hook 
85 from lever 68, spring 86 returns the hook 85 
to its upper position, thereby rocking the alining 
pawl 84 into coaction with ratchet wheel 6 r. 
PaWl 84 returns the drum the amount of the 
Overthrow as it Seats itself in a ratchet notch of 
the wheel 67 r. This overthrow return may occur 
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while the feed pawl 69 still is engaged with ratchet 
wheel 6 owing to the yielding of spring 78. Upon 
the return stroke of the ever 68, it cams the lower 
end of hook 85 aside and re-seats itself on the 
hook. The feed step is such as to move the tape 
the distance between two successive roWS of ine 
dex positions on the value tape VT (Figs. 8 and 
10) or half the distance between two successive 
rows of index positions on the control tape CT 
(Fig. 9). 
As previously explained, the control tape (Fig. 

9) is punched in accordance with a code whereby 
index positions 8 to 1 in each of Zones A, B, and 
C of a horizontal row selectively are punched to 
represent control items. The index positions are 
referred to as the A8 to A, B8 to B, and C8 to Cl 
positions. One or more control items may be 
punched into each Zone of a row. The control 
item may be represented by one or a combination 
of perforations. Thus, in the top row, in Zone A, 
perforations in positions 7, 4, and 1 combina 
tionally represent a control item A4; in the 
next row, a perforation in position 3 of Zone A 
represents item A3; and in the third row, in field 
C, perforations in positions 8 and 7 represent 
items C8 and C, respectively. The items for two 
successive rows of the control tape may be se 
lected and the two rows punched, one after an 
other, during an ensuing machine cycle. The 
keyboard on which the desired Control items may 
be set up is shown in Fig. 7, where it is designated 
PK. There are two sets of key columns A, B, and 
C. The left hand set is operated to select items to 
be punched in one row of the control tape and 
the right hand set is operated to select items to 
be punched in the next row of the Control tape. 
In each set, the A key column is used to select 
items for zone A, the B column for zone B, and 
the C column for Zone C. Each key column has 
keys 1 to 8 corresponding to index positions 1 to 8 
of the related Zone, and a release key R. Upon de 
pression of a numbered key, it closes key con 
tacts, shown only in Fig. 13, and is latched in 
depressed position by known means (not shown). 
The latched key is released only upon depression 
of the release key R. in the same Column. 
After the keys of both sets have been de 

pressed, a machine cycle is initiated by depression 
of a start key PT. During the cycle, the items 
selected by the left hand set of keys are punched 
into one row of the control tape and then the 
items selected by the right hand set are punched 
into the next row of the control tape, ASSume, 
for instance, that the two lower rows shown in 
Fig. 9 are a pair of rows punched during the 
same cycle. The lowermost row is the leading 
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top bears control items A and C32 which are 
selected by depressing key 3 in column A and 
keys 3 and 2 in column C of the left hand set of 
keys. The top row bears control items A4, 
B76, and C2. These items are selected by de 
pressing keys 7,4, and 1 of column A, keys 7, 6 
and 1 of column B, and keys 2 and 1 of column 
C of the right hand set. A cycle is then initiated 
by depressing the button PT and, during the 
cycle, the second row from the top and the top 
row are punched, in succession, with the selected 
items, 
Mounted inside the housing of the keyboard 

PK are two twin-coil relay magnets PR2 and 
PR. The relay magnets, start button contacts, 
and the key contacts are connected in a manner 
shown in Fig. 13 to plug wires. The plug wires. 
are gathered in a cable 95 (Fig. 7) which ter 
minates in a plug head PH. To associate the con 
trol keyboard with the punching unit, the plug 
head PH is plugged into a gang-socket receptacle 
S (Fig. 1). 
The value keyboard is shown in Fig. 6 and 

designated WK. It has twenty-four columns of 
keys, one for each column of the tape. Each 
column includes keys 1 to 9 for selecting digital 
Values 1 to 9 to be punched in code into a value 
record. As previously explained, a value record 
is composed of four successive index position rows 
1, 2, 3, and 4 (Figs. 8 and 10). After the values 
to be punched into a record have been selected, 
the start key WT is depressed, closing related con 
tacts shown in Fig. 12, to initiate a machine 
cycle. During the cycle, the index rows 1, 2, 3, 
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row and its items are selected by the left hand 
set of key columns. The items in the row above 
are selected by the right hand set of key columns. 
During the ensuing cycle, the lowermost row is 
punched according to the Selected items and then 
the row above is punched according to the items 
selected therefor. During a next cycle, the third 
roW from the bottom Will be punched With items 
selected by the left hand set of keys and then the 
fourth row from the bottom will be punched with 
items selected by the right hand set of keys. This 
Order of selection and punching will be main 
tained as long as control items are punched under 
control of the keyboard PK. It will be seen, for 
example, that the second row from the top in 
Fig. 9 Will be punched under control of the left 
hand set of keys and then the top row will be 
punched in the same cycle under control of the 
right hand Set of keys. The Second row from the 
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and 4 will be punched successively with the per 
forations for designating the selected values. 
Upon depression of a numbered key, it closes key 
contacts shown only in Fig. 12 and is latched in 
depressed position by known means (not shown). 
There is also a release key R. in each column. A 
latched number key is released by the depression 
of another numbered key or of the release key in 
the same column. There are four relay magnets 
VR?, VR2, VR3, and VR4 mounted inside the 
keyboard. The relay magnets, start button con 
tacts, and key contacts are connected in a man 
ner shown in Fig. 12 to plug wires which are 
gathered in a cable 96. The cable terminates in 
a plug head WH which may be plugged into the 
receptacle S (Fig. 1). 

Circuits connecting the punch unit to the value 
keyboard 

When values are to be punched, the value key 
board WK (Fig. 6) is connected to the punch unit 
by inserting the plug head VH into receptacles 
(Fig. 1). Fig. 12 shows the pertinent circuits. 
The key contacts are the same for each column 
and, therefore, it is sufficient to show five col 
unns of the key contacts. The relay magnets 
WRf, WR2, VR3, and WR4 relate to index position 
rows 1, 2, 3, and 4 (Fig. 10), respectively. Each 
of these magnets, when energized, closes a relay 
contact in each of the twenty-four columns of 
key contacts. The relay contacts are numbered 
to correspond to the related columns. Thus, for 
column 24, the relays WR, VR2, VR3, and VR4. 
Operate their respective contacts “24.' 
Each key for Selecting a value represented by 

a single perforation operates only one key con 
tact, while each key which selects a value repre 
sented by a combinational pair of perforations 
Operates a pair of key contacts. The key contacts 
are connected to the relay contacts in accordance 
with the code. Considering column 24, for ex 
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ample, the 1 key operates its contact a which is 
wired to contact "24' of relay magnet WRf. This 
accords with the requirement that the digit 1 be 
represented by a perforation in the 1 index posi 
tion of a column. As another example, the digit 
9 is represented by perforations in index posi 
tions 2 and 4 of a Column; hence, key 9 operates 
two contacts a and b wired to relay contacts of 
relay magnets VR2 and WR4, respectively. 
The plug tips in plug head WH are designated 

in Fig. 12 by numbers preceded by letter W. The 
companion plug sockets in receptacle S (Fig. 1) 
are similarly numbered in Fig. 12 but preceded 
by letter S. There are twenty-four plug tips W. 
to W24 for the key contact columns 1 to 24. These 
are received by plug sockets S to 24 which are 
wired to punch magnets PM (also see Figs. 1 and 
2) for tape columns 1 to 24. The relay magnets 
WR to WR4 are wired at the common sides to a 
plug wire OO which has a plug tip W29 inserted 
in socket S29. Socket S29 is connected to the 
plus side O5 of a 40 W. D. C. line. The relay mag 
nets are individually connected to plug wires Of, 
f02, O3, and 04 which have plug tips V25, W26, 
W2, and W28. These are engaged in sockets S25, 
S26, S2, and S28 wired to the cam contacts CC, 
CC2, CC3, and CC4. The common sides of the 
relay contacts of relays WR, 2, 3, and 4 are con 
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nected to a wire f 07 one end of which has a plug 
tip WSO and the opposite end a plug tip W. 
These are engaged in plug sockets S30 and S3 
connected to each other and wired via cam con 
tacts PCC to the minus side 06 of the voltage 
line. 
The motor DM (see Figs. 1 and 4) is in a con 

ventional motor circuit, which is not shown. 
When the tape punching apparatus is to operate, 
the motor circuit is closed, and the motor will 
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run continuously until the motor circuit is re 
opened. While the motor is running, it continu 
ously operates the can contacts CC, CC2, CC3, 
CC4, and CC5 (also see Figs. 1 and 4). Only 
when a machine cycle takes place do the cam 
contacts PCO and PC2a, operate. The timing 
of the can contacts in a machine cycle is shown 
in Fig. 11. The cycle is divided into four equal 
parts 1, 2, 3, and 4 in each of which the clutch 
driven shaft 23 (Figs. 1, 2, and 3) makes one revo 
lution. In each revolution of shaft 23, the drum 
55 will be advanced one step in a manner pre 
viously described, so as to feed the tape one line 
Space. A feed step occurs early in each of parts 
1, 2, 3, and 4 of the machine cycle. The first feed 
step, in part 1, brings index position row 1 of a 
value record to the punching position. The 2d, 
3d, and 4th feed steps, in parts 2, 3, and 4, bring 
the index position rows 2, 3, and 4 successively to 
the punching position. Thus, in a machine cycle, 
a length of tape defining a value record is fed 
to punching position, in four equal steps. 

For purposes of further explanation, assume 
that digits 6, 9, and 3 are to be designated in 
columns 13, 12, and 6 of a value record. The keys 
6, 9, and 3 in key Columns 13, 12, and 6 are de 
pressed. The start button VT is then depressed. 
Upon depression of the start button, it closes its 
contacts VTa to establish a circuit from the plus 
side 05 of the voltage line through clutch magnet 
PCM, to socket S32 and coacting plug tip V.32, 
thence via contacts WTa to plug tip V.33 and 
Coacting Socket S33, and thence to the minus side 
f06 of the voltage line. 
Upon energization of clutch magnet PCM, it 

brings the cam shaft 23 into operation for four 
revolutions during a machine cycle, as previously. 
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described. During part 1 of the cycle, the drum 
55 is fed one step to advance the 1 index position 
row of a value record, to be prepared, to the 
'punching position. Thereafter in part 1, cam 
contacts CC and PC2a close establishing a cir 
cuit through code relay WR?, as follows: from the 
plus side O of the voltage supply line, via socket 
S29, coacting plug tip W29, and the wire O 
through relay WR; thence by way of wire of 
plug connection W25-S25, and the cam contacts 
CC and PC2a to the minus side 06 of the voltage 
line. 
Code relay VR?, being energized, closes its 

twenty-four relay contacts, one in each key col 
umn, to prepare for the punching of the 1 posi 
tions, in the various columns of the value record, 
under control of the key Contacts. In column 13, 
key 6 has been depressed. The code for value 6 
is 1-3. Hence, in part 1 of the machine cycle, 
column 13 will be punched in the 1 position. The 
punch magnet circuit is timed by cam contacts 
PCia and extends from the plus side O5 of the 
voltage line through punch magnet PM for tape 
column 13, thence via plug connection S3-V3, 
the common of the key contacts of keyboard col 
umn 13, the now-closed b contact of the 6 key in 
this column, through contact '13' of relay WR 
to wire Ol. The circuit is completed via plug 
connection W30-S30 or V8 f-S3 through cam 
contacts PC a to the minus side 06 of the volt 
age line. 

In the manner previously explained, the ener 
gization of the punch magnet PM brings about 
operation of the related column punch 32 (see 
Fig. 2). Accordingly, for the assumed example, 
the "l' perforation of the codal designation for 
digit 6 is made in column 13, during part 1 of the 
machine cycle. 

Early in part 2 of the machine cycle, a feed 
Step occurs, bringing index row 2 of the value 
record to the punches. Cam contacts CC2 and 
PC2a then close, completing the circuit of code 
relay VR2, from the plus side 05, via plug con 
nection S29-V29 through relay VR2, to wire O2, 
plug connection W26-S26, and cam contacts CC2 
and PC2a to minus side O6. Relay VR2 closes 
its 24 relay contacts, one in each key column. 
Column 2 of the value.record is to be punched 

With a 9 value designation, as previously as 
Sumed. Hence, the 9 key in column 12 has been 
depressed. Upon closure of cam contacts PCfa, 
a circuit is established through magnet PM-2 
to cause the '2' perforation of designation 2-4 
for digit 9 to be punched in tape column 12. This 
circuit extends from plus side 05 through mag 
net PM-2, plug connection S2- V12, contact 
"a' of the '9' key contacts in key column 12, 
now-closed contact "12" of relay VR2, wire O7, 
plug connection V30-S30 or V3 -S3, and cam 
contacts PC?a, to the minus side O6. As a re 
Sult of energization of magnet PM-2 during 
part 2 of the machine cycle, a perforation is made 
in index position 2 of column 12 of the value 
record, 
During part 2, at the same time as cam con 

tact CC2 closed, the cam contact CC5 also closed. 
A circuit is thereupon established from the plus 
Side 05 through the left and right punch mag 
nets PM-f, through cam contacts CC5 and PC2a, 
to the minus side O6. These punch magnets 
cause a pair of feed holes f (Figs. 8, 9, and 10) to 
be punched in the left and right hand margins 
of the tape and in horizontal alinement with the 
2 index row of the value record. 

Early in part 3, a feed step occurs, bringing 
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index row 3 to punching position. Code relay 
WR3 is then energized by a circuit from plus side 
05 via S29-V29, relay VR3, wire O3, V27-S27, 

and CC3 Pind PC2a to minus side O6. 
In the assumed example, key 3 of column 6 

and key 6 of column 13 have been operated. 
Circuits make upon closure of PC a through mag 
nets PM-6 and PM-3, causing perforations to 
be made in positions 3 of columns 6 and 13. The 
perforation 3 in column 6 represents the selected 
digit 3. The perforation 3 in column 13 combines 
With the previously made perforation 1 in the 
Sane Column to represent selected digit 6. The 
circuit for magnet PM-6 is from plus side O5 
through magnet PM-6, S6-V8, key contact 3a 
of key column 6, contact “6” of relay VR3, wire 
07, W3-S30 or W3-S3 f, and PC?a, to the 

minus side O6. The circuit for magnet PM-3 
is from plus side 05 through magnet PM-3, 
Si3-V3, key contact 6a of key column 13, con 
tact '13' of relay VR3, and, as in the preceding 
circuit, via PC a to the minus side O6. 

Early in part 4 of the cycle, a feed step occurs, 
positioning index row 4 at the punches. Code 
relay WR4 is energized by a circuit from plus side 
05 via S29-W29, relay VR4, wire 04, W28-S28, 
CC and PC2a, to the minus side O6. 

In the selected example, the key 9 in column 
12 has been depressed. During part 2 of the 
cycle, a perforation 2 was made in column 12. 
During current part 4, a perforation 4 will be 
made in this column. Perforations 2 and 4 com 
binationally represent digit 9. The circuit for 
magnet PM-2 is from the plus side 05 through 
magnet PM-2, Sf2-W2, key contact 9b of 
column 12, contact "12 of relay VR4, wire 07 
and, as before, via PC a to the minus side O6. 
Also, during part 2, cam contacts CC5 close for 
the second time in the cycle. A circuit such as 
made in part 2 therefore is completed through 
magnets PMi-f. Eience, a pair of feed holes are 
punched along the nargins of index row 4 of the 
value record. 
To summarize, when the value keyboard is 

plugged into the punch unit, the four code re 
laySWR, VR2, VR3, and VR4 are plug-connected 
to can contacts CC, CC2, CC3, and CC4. Hence, 
these code relays WRA, 2, 3, and is will be ener 
gized respectively in parts 1, 2, 3, and 4 of a ma 
chine cycle. The code relays condition the punch 
magnet circuits to be energized selectively in ac 
cordance with the selection of values made by the 
digit keys of the value keyboard. Accordingly, 
punching may occur in each of the four parts of 
a nachine cycle. There will be four feed steps, 
each of which may be followed by the punching 
of one or more columns of the value record. Per 
forations which combinationally represent a digit 
are punched sequentially in the same column of 
the value record, one perforation being punched 
during one part of the cycle and the other per 
foration in a later part of the cycle. 

Circuits relating to the control keyboard 
When the tape is to be punched with control 

items, the plug head PH (Fig. 7) is plugged into 
the gang-Socket receptacle S (Fig. 1). 

Fig. 13 shows the wiring of the control key 
board. The plugs in plug head PH are desig 
nated by numbers preceded by letter P. These 
plugs are received by the correspondingly num 
bered plug sockets S shown in Fig. 12. 
The Columns of key contacts are alike in con 

struction. Each key, then depressed, closes its 
'a' Contact. The eisanan sides of all the column 
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contacts are connected to a wire f Oa which has 
plug tips P30 and P at opposite ends. These 
plug tips are inserted in sockets S80 and S3 
(Fig. 12). The individual sides of the 24 key 
contacts in columns A, B, and C of the left hand 
set of three key columns are separately connected 
to 24 relay contacts "1' to '24” of relay PR2. 
The individual sides of the 24 key contacts in 
columns A, B, and C of the right hand set are 
similarly connected to contacts '1' to '24' of 
relay PR4. The function of the relays PR is gen 
erally similar to that of relays WR; i.e., when en 
ergized, they partially close the punch magnet 
circuits and, thereby, prepare them to be com 
pleted selectively under control of key contacts. 
The Common sides of the relays PR2 and PR4 
are connected to plug P29 which is insertable in 
Socket S29 (shown in Fig. 12). The individual 
sides of the relays PR2 and PR4 are connected 
to plugs P26 and P28, respectively. These plugs 
are insertable in sockets S26 and S28 (Fig. 12) 
which are wired to cam contacts CC2 and CC4. 
Hence, in part 2 of a machine cycle, relay PR2 
will be energized and in part 4, the relay PR4 
will be energized by circuits similar to those 
traced previously for relays WR2 and VR4. It 
will be noted that the contacts '1' to '24' of 
each of relays PR2 and PR4 are numbered to cor 
respond to the tape columns for which they pre 
pare punch circuits. That is, contacts '1' to 
"24' of each of these relays are wired to plugs Pl 
to P24 (Fig. 13). These plugs are inserted in 
sockets S to S24 (Fig. 12) which are wired to 
punch magnets PM for tape Columns 1 to 24, re 
Spectively. 
The start button PT (Figs. 7 and 13) of the 

Control keyboard Operates contact PTa. The con 
tact is connected at opposite sides to plugs P32 
and P33 whict, are received by sockets S32 and 
S33 (shown in Fig. 12). Hence, upon depression 
of the start button PT, the clutch magnet PCM 
will be energized by a circuit similar to that traced 
before through start button contact WTa (Fig. 
12). A machine cycle will ensue. During part 1 
of the cycle, a feed step will occur. But no 
punching operation can occur during part 1 be 
cause there is no connection between the con 
trol keyboard and can contact CC. During part 
2 of the cycle, a second feed step Will occur, fol 
lowed by energization of relay PR2. Contacts 
'1' to '24' of relay PR2 close and punch magnet 
circuits are then completed in accordance With 
the selection of control items made by the left 
hand set of key columns A, B, and C. For in 
stance, assume that the control item B8, is se 
lected for the leading one of the two item rows to 
be punched in a cycle. The keys 8 and 1 in col 
umn B of the left hand set are depressed. Upon 
the closure of can contacts PCld (Figs. 9 and 
12) in part of the cycle, circuits are established 
from the plus side fo5 of the voltage line (Fig. 12) 
through magnets PMS and PMI6, to sockets S9 
and S6 and the related plugs P9 and PF6 (Fig. 
13); thence from plug P9 via contact '9' of relay 
PR2 and contact 'a' of key 1 in column B of the 
left hand set, to the plug wire Ola; also from 
plug P6 via contact “i6’ of relay PR2 and con 
tact “a” of key 8 in column B of the left hand 
set to the plug Wire Oa. The circuits are com 
pleted by way of plug P30 (Fig. 13) and socket 
S30 (Fig. 12) or plug P3 (Fig. 13) and socket 
S3 (Fig. 12) and cam contacts PC a to the minus 
side 06 of the voltage line. In this manner, the 
Selected item B8 is punched during part 2 of a 
cycle into a row of the control tape (Fig. 9) under 



control of column B of the left hand set of key 
columns A, B, and C. Other items selected for 
this row of the tape also will be punched in a 
similar manner during part 2 of the cycle and 
under control of the left hand set of key contacts 
A, B, and C. 

In the same way as explained for the value 
tape, the left and right hand magnets PM-f 
(Fig. 12) will be energized during part 2 of the 
cycle, so as to cause the feed holes f to be punched 
in the tape. 
During part 3 of the cycle, the third feed Step 

will occur but there will be no punching because 
the cam contacts CC3 are not connected to the 
control keyboard. 

During part 4 of the cycle, the fourth feed Step 
will occur. Relay PR4 will be energized shortly 
after. The contacts '1' to '24' of relay PR4 will 
close, enabling the key contacts of the right hand 
set of key columns A, B, and C to be effective for 
selectively closing the punch circuits. In a man 
ner now understood, the second one of the two 
item rows to be prepared in the same cycle Will 
be perforated in part 4 with the items selected 
by the right hand set of key columns. Also, feed 
holes f will be punched during part 4. 
To summarize, when the control keyboard is 

plugged into the punch unit and a cycle is ini 
tiated, four feed steps will occur but only two 
punching steps may be effected, one punching step 
following the second feed step and the other 
punching step following the fourth feed step. 
The first punching step will be prepared by en 
ergization of relay PR2 during part 2 of the cycle 
and a row of control items will be punched dur 
ing this part of the cycle under control of the 
left hand set of key columns A, B, and C. The 
second punching step will be prepared by relay 
PR4 during part 4 of the cycle. A second row 
of control items will be punched in part 4 under 
control of the right hand set of key columns A, 
B, and C. 
While there have been shown and described 

and pointed out the fundamental novel features 
of the invention as applied to a preferred 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 opera 
tion may be made by those skilled in the art, with 
out departing from the spirit of the invention. 
It is the intention, therefore, to be limited only as 
indicated by the scope of the following claims. 
What is claimed is: 
1. In combination with perforating means to 

punch index positions of record material with 
item designations, means to control the perforat 
ing means to punch the record material with a 
selected item designation within a vertical line of 
index positions in accordance with one item 
designating code in which different items may be 
selectively represented within index positions 
of such vertical line, and alternatively effective 
means to control the Same perforating means to 
punch the record material with a selected item 
designation within a horizontal line of index 
positions according to a different item designat 
ing code in which different items may be selec 
tively represented within index positions of such 
horizontal line. 

2. In combination with perforating means to 
punch item representations into index positions 
of record material, means, including an item. Se 
lecting keyboard and aSSociated control means, 
for controlling the perforating means to punch 
Selected item representations into vertical col 
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umns of index positions according to an item 
representing code in which different items may 
be selectively represented within a set of index 
positions in a vertical column, and other means, 
including another item Selecting keyboard and 
associated control means, for controlling the 
perforating means to punch selected item repre 
Sentations into horizontal lines of index positions 
according to a code in which different items may 
be selectively represented within a set of index 
positions in a horizontal line. 

3. In combination, a punching unit for punch 
ing record material according to either of two 
codes to represent Selected items, a pair of key 
boards interchangeably associable with the 
punching unit, one keyboard including means to 
Select items to be represented according to one 
code and the other keyboard including means to 
Select items to be represented according to the 
other code, each keyboard having associated 
therewith control means supplementing the sc 
lecting means of the keyboard and operable to 
Couple the Selecting means with the punching unit 
according to the requirements of the code related 
to the keyboard, and means for so operating the 
control means associated with keyboard in use. 

4. In combination, a cyclically operable punch 
ing unit to punch record material according to 
any one of a plurality of different codes of item 
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representation, a plurality of item selecting key 
boards interchangeably cooperable, only one at a 
time, with the punching unit, each keyboard 
relating to a different code, each keyboard in 
cluding item selecting means and also having as 
Sociated therewith separate control devices for 
endering the punching unit effective to punch 
the record material according to the code related 
to the keyboard, and cyclically operating means 
in the punching unit capable of operating the 
control devices associated with the keyboard 
which is in cooperation with the punching unit. 

5. In combination with means to punch a col 
lumn of index positions of a record according to 
a combinational code of item representation, 
means to Select the item to be represented, and 
means thereafter effective for controlling the 
punching means to produce sequentially in the 
Column of index positions the perforations com 
binationally representing the selected item. 

6. In combination with means to punch a col 
lumn of indeX positions of a record according to 
a combinational code of digit representation, a 
keyboard or the like to select any one of differ 
ent digits to be represented, and means operated 
after the digit selection has been made for con 
trolling the punching means to produce sequen 
tially in the column of the record the perfora 
tions Combinationally representing the selected 
digit. 

7. In combination, means to punch record na 
terial with item representations in accordance 
with a combinational code by which a combina 
tion of perforations in different index positions 
represents a desired item, mechanism to feed the 
record, material SO as to present the index posi 
tions successively to the punching means, means 
to Select an item to be represented, and means 
controlled thereby for operating the punching 
means to punch index positions brought one after 
another to the punching means with the perfo 
rations combinationally representing the selected 
item. 

8. In combination with means to produce item 
representing perforations in a plurality of Zones 
of index positions in a line of index positions. On 
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a record according to a code in which different 
items are represented by different combinations 
of perforations in different ones of the zones of 
index positions, means to select the items to be 
represented in the different zones of index po 
sitions along said line, and means thereafter op 
erated to control the punching means to punch 
each set of index positions with a combination 
of perforations representing the item selected for 
the ZOne. 

9. In combination with means to produce item 
representing perforations in a plurality of Zones 
of index positions in a line of index positions on 
a record according to a code in which items are 
distinguished by the zone in which they are lo 
cated and selectively represented in the Zone by 
different combinations of perforations, a keyboard 
or the like settable according to a plurality of 
items to be represented in the different Zones, and 
means operated after said items have been se 
lected by the keyboard for controlling the punch 
ing means to punch the combinational perforation 
representations of the selected items in the ZOnes 
of index positions. 

10. A cyclically operable punching apparatus 
comprising punching means to produce item rep 
resentations in record material, a keyboard or the 
like having a plurality of sets of item selectors 
concurrently Selecting a plurality of items to be 
represented, a plurality of controls, each upon 
Operation rendering a related set of item selectors 
effective to control the punching means to pro 
duce the perforations representing items selected 
by Said set, and cyclically operating means for 
Operating said controls in Succession. 

ll. A cyclically operable punching apparatus 
comprising punches to produce item representa 
tions in record material, electrical devices for con trolling operation of the punches, a keyboard or 
the like having item selectors and contacts con 
trolled thereby, relay means for bringing said 
contacts into circuit With the electrical devices 
So as to operate the devices according to the se 
lected items, and cyclically operating means for 
operating the relay means. 

12. In combination with punching means to 
produce item representations in record material, 
a keyboard having item selecting means and con 
taining control means operable to place the 
punching means under control of the item selects 
ing means So as to punch the Selected item repre 
sentations into the record material, and cyclically 
Operating means for Operating the control means. 

13. Apparatus comprising a punch unit with 
punches to perforate record material with item 
representations, electrical devices to control op 
eration of the punches, and cyclically operating 
contact means, in combination with a keyboard 
containing item selecting keys, contacts operated 
thereby, and control relay means energized under 
control of said contact means to bring the key 
contacts into circuit with the electrical devices 
for controlling operation of the punches to perfo 
rate the record material with Selected item rep 
resentations. 

14. In combination, a punching unit including 
punches and electrical devices for rendering the 
punches selectively effective to perforate record 
material for representing selected items, a key 
board with item selecting means and contact 
means operated thereby, relay means and con 
tacts operated thereby for bringing the contact 
means into circuit with the electrical devices to 
control operation of the devices according to the 
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selected items, and means in the punching unit 
for bringing about operation of the electrical 
devices, 

15. In combination, a cyclically operable 
punching unit to punch representations of items 
into record material, said punching unit includ 
ing punches and magnets for selectively render 
ing the punches effective, a keyboard containing 
item selecting keys, key contacts operated there 
by, relay means, and relay contacts operated 
thereby and cooperable with the key contacts, 
cyclical means in the punching unit for render 
ing the relay means effective, and cyclical means 
in the punching unit for then completing the 
circuits of the magnets by way of the relay con 
tacts and the Selected key contacts so as to ren 
der the punches effective in accordance with the 
Selected items. 

16. In combination, punching means to punch 
record material in index positions disposed in 
horizontal and vertical lines, means to feed the 
record material line by line to the punching 
means, a pair of alternative Selecting means se 
lectively effective to control the punching means 
according to desired items, means cooperatively 
relating One of the item selecting means to the 
punching means to control the punching means 
to punch a plurality of index positions concur 
rently in a horizontal line of the medium to rep 
resent desired items, and means cooperatively 
relating the other item. Selecting means to con 
trol the punching means to punch a plurality of 
index positions, in a vertical line, sequentially 
to represent desired items. 

17. In combination, a punching unit for punch 
ing record material to represent items according 
to any One of different codes, said unit including 
punches and electrical devices for selectively ren 
dering the punches effective, a plurality of key 
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codes, each keyboard including manual elements 
to Select items to be represented and contact 
means operated by the elements, and each key 
board also having associated therewith relay 
means and relay contacts operated thereby for 
bringing the contact means into circuits of the 
electrical devices so as to control operation of 
these devices according to the selected item or 
items and the code relating to the keyboard. 

18. Apparatus comprising a punching unit in 
cluding punches to perforate record material 
With item representations, electrical devices to 
control operation of the punches, timing contact 
means, and an accessible electrical outlet with 
a gang of terminals respectively wired to the elec 
trical devices and said contact means, in com 
bination with a keyboard containing item select 
ing keys, key contacts operated thereby, relay 
means for Switching said contacts into circuit 
with the electrical devices so as to cause opera 
tion of the devices according to the selected 
items, and an electrical connector including a 
gang of terminals wired to the key contacts and 
the relay means and freely engageable with the 
terminals in said outlet to connect the key con 
tacts to the electrical devices and the relay 
means to the timing contact means for interre 
lated operation. 

19. In a cyclically operating machine, punches 
to punch item representations into record ma 
terial during a plurality of steps in a given cycle, 
electrical devices for controlling operation of the 
punches, item. Selecting means for controlling the 
electrical devices to cause selected item repre 
Sentations to be punched, a plurality of relays 
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for bringing the electrical devices and item se 
lecting means into cooperation for a selective 
number of steps in the cycle, and cyclically op 
erating means for operating said relays succes- . 
sively at different steps in the cycle. 

20. In a cyclically operating machine, drive 
means, driven means, a one-revolution clutch 
for clutching the driven means to the drive means 
for a cycle of operation, feeding means operated 
by the driven means a number of times in a cycle 
to bring a number of lines of index positions on 
record material successively to a punching posi 
tion, a line of punches at said positions, means 
Operated by the driven means said number of 
times in the cycle for operating selected punches, 
punch Selecting circuits including item selecting 
contacts, relay means for rendering the punch 
Selecting circuits effective, and means operated 
by the driven means for operating the relay 
means a selective number of times in the cycle. 

21. In combination with a punching unit in 
cluding means Operable for a variable number of 
punch steps in a cycle to perforate record ma 
terial in each punch step with item representing 
perforations, a plurality of keyboards selectively 
Cooperable with the punching unit, each key 
board including item selectors, and selective con 
trol means associated with each keyboard and 
effective when the keyboard is in cooperation 
with the punching unit for rendering the punch 
ing means effective to be controlled by the item 
Selectors for a selective number of punch steps 
in the cycle to perforate the record material with 
perforations representing the selected items. 

22. In combination with a punching unit in 
cluding punching means to punch record ma 
terial with item representing perforations and 
feeding means to feed one line of the record ma 
terial at a time to the punching means, a plu 
rality of keyboards selectively cooperable with 
the punching unit and settable according to items 
to be represented, each keyboard containing con 
trol means for rendering the punching means 
effective according to the keyboard setting to 
punch item representing perforations into lines, 
of the record material, selective distances apart. 

23. In combination with a punching unit in 
cluding punching means to punch item represent 
ing perforations into lines of index positions on 
record material, means to present one line of in 
dex positions after another to the punching 
means, a plurality of keyboards selectively co 
Operable with the punching unit, each keyboard 
Settable according to items to be represented by 
perforations in a plurality of lines of the record 
material, one of these keyboards also containing 
control means for rendering the punching means 
effective to punch every line of the record ma 
terial with perforations according to the items 
Selected by the keyboard setting, and another 
of the keyboards also containing control means 
for rendering the punching means effective to 
punch alternate lines of the record material with 
perforations according to the items selected by 
the setting of this keyboard. 

24. In a machine for punching record material 
according to either of two codes, one of which 
represents items by combinations of perforations 
in different index positions of a column of the 
material and the other of which represents items 
by combinations of perforations in different in 
dex positions along a line at right angles to the 
column; punching rueans, mechanism for feed 
ing the record material to the punching means, 
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means to select an item to be represented ac 
cording to the first-named code, means to select 
an item to be represented acCOrding to the second 
named code, means associated with the first 
named selecting means for rendering the punch 
ing means effective under control of this select 
ing means to punch the perforations Combinar 
tionally representing a selected item in different 
index positions along said column, and means 
associated with the second-named selecting 
means for rendering the punching means effec 
tive under control of this selecting means to 
punch the perforations combinationally repre 
Senting a selected item in different index positions 
along said line. 

25. In combination, a line of punches, means 
to feed record material, one line at a time, to 
the line of punches, means to select an item which 
is to be represented by perforations in a plu 
rality of different lines of the record material, 
means to select an item which is to be represented 
by One or more perforations in a single line of 
the record material, and means effective when 
the first-named selecting means is in operation 
for controlling the punches to punch the per 
forations, representing the selected item, se 
quentially in a plurality of lines of the record 
means, and means effective when the second 
named selecting means is in operation for con 
trolling the punches to punch one or more per 
forations Concurrently along a single line of the 
record material to represent the selected item, 

26. In a machine utilizing a record tape or the 
like, mechanism to feed the tape step by step and 
comprising a feed shaft rigidly carrying a pair 
of ratchet wheels with respectively opposing teeth, 
a feed pawl to coact with one of the ratchet 
wheels, an allining pawl for coacting with the 
other ratchet wheel, a reciprocatable driver con 
nected to the feed pawl and effective within its 
forward stroke to cause the feed pawl to turn the 
shaft through one feed step plus an overthrow, 
means operated by the driver during the turning 
of the shaft by the feed pawl for withdrawing 
the alining pawl from its associated ratchet, and 
means effective at completion of the turning of 
the shaft by the feed pawl for returning the alin 
ing pawl into coaction with its associated ratchet 
to return the shaft by the amount of said over 
throw. 

27. In a machine such as described or the like, 
stepping mechanism comprising a driven element, 
a pair of ratchets fixed to the element and re 
spectively provided with oppositely inclined teeth, 
a driving pawl for engaging one ratchet, an alin 
ing pawl for engaging the other ratchet, a recip 
rocatable driver so operatively connected to both 
pawls that upon the forward stroke of the driver 
the alining pawl is withdrawn from its ratchet 
while the driving pawl is actuating its ratchet to 
advance the driven element one step plus an 
overthrow distance, and means effective upon 
completion of this actuation of the element by 
the driving pawl for engaging the alining pawl 
with its ratchet to effect return of the element 
through the overthrow distance. 

28. Apparatus comprising a sheet-perforating 
punch, a reciprocating arm, an interponent con 
nected to the punch to occupy either a rear posi 
tion or a forward position and having a surface 
which, in the forward position only, is engaged by 
said arm upon an operating stroke thereof, 
whereupon said arm drives the interponent in a 
direction to effect the punching stroke of the 

'Punch, the interponent also having a surface 
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which, in the rear position of the interponent, is 
engaged by the arm upon its return stroke, where 
upon the arm drives the interponent in a return 
direction so as to effect restoration of the punch, 
and means to shift the interponent from its rear 
to its forward position prior to a punching opera 
tion and to allow the interponent to return to its 
rear position after the punching stroke, 

29. Apparatus comprising a sheet-perforating 
punch, a reciprocating actuator element, an inter 
ponent element pivoted to the punch to occupy 
either a rear position or a forward position, said 
elements having portions which, in the forward 
position of the interponent element and upon an 
operating stroke of the actuator element, inter 
lock to so couple the interponent element to the 
actuator element as to enable the actuator ele 
ment to act upon the interponent element to ef 
fect the punching stroke of the punch, said inter 
locking portions, in the rear position of the inter 
ponent element and upon the return stroke of the 
actuator element, remaining partially coupled in 
such manner as to enable the actuator element to 
effect positive restoration of the interponent ele 
ment and punch, and means to shift the inter 
ponent element to forward position prior to an 
operating stroke of the actuator element and to 
allow the interponent element to return to rear 
position prior to the following return stroke of the 
actuato; element. 

30. Apparatus comprising a sheet-perforating 
punch, a power-operated actuator, an interponent 
connected to the punch to occupy either an idle 
position or an active position and engaged, when 
in active position, by the actuator to produce a 
punching stroke of the punch, means for shifting 
the interponent from its idle to its active position 
preparatory to punching operation, and a power 
operated knock-off, synchronized with the actu 
ator, for acting on the interponent, at the com 
pletion of the punching operation, to restore the 
interponent positively to its idle position. . 

31. Apparatus including a sheet-perforating 
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punch, a reciprocating arm, an interponent piv 
oted to the punch so as to occupy either a rear 
or a forward position and acted on, when in for 
ward position, by the arm to effect. a punching 
stroke of the punch, means to shift the inter 
ponent from the idle to the forward position 
preparatory to punching operation, a knock-off 
can for acting on the interponent, at the COm 
pletion of a punching operation, to restore the 
interponent to idle position, and means for actu 
atting the arm and knock-off can in coordinated 
timing relationship. 

32. Apparatus comprising a sheet-perforating 
punch, an interponent associated with the punch 
and depressible to effect a punching stroke of the 
punch, said interponent being so mounted as to 
occupy either a rear position or a forward posi 
tion, an actuator for depressing the interponent, 
when in forward position, to effect the punching 
stroke, means for shifting the interponent to its 
forward position preparatory to a punching oper 
ation, a latch provided with a step for engaging 
a portion of the interponent, when shifted to for 
ward position, to retain the interponent in the 
forward position during the performance of the 
major portion of the punching stroke, said inter 
ponent withdrawing from said step of the latch 
as the punching stroke is being completed so as to 
allow the interponent to return to its rear 
position. 

33. Apparatus as defined in claim 32, said latch 
being rockably mounted for limited movement, a 
spring connecting the interponent to the latch to 
compel the latch to follow and maintain engage 
ment with the interponent for the major portion 
of the punching stroke, and a positive knock-off 
for acting on the interponent, at the completion 
of the punching stroke and after it has withdrawn 
from the latch, to restore the interponent to its 
rear position. 
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