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The present invention relates to calculating machine
of the type adapted to effect automatic multiplication by
repeated additions and/or subtractions.

A known machine of this type comprises a multiplier
storage mechanism and a sensing device coaperating
therewith for sequentially sensing the denominational
storing elements thereof and setting a cyele counting de-
vice according to the differential travel made in sensing
the individual storing element, the storage mechanism
not being cleared as an incident to the operation of multi-
plication. To this end the sensing device is adapted in
each denominational order to travel through an extent
proportional to the multiplier digit sensed. However, by
following the short-cut method of multiplication the mul-
tiplier digits requiring calculation according to said
method will require for each digit a number of machine
cycles differing from the digit itself. In this case diffi-
culties arise in the control or use of the counting device,
whereby additional mechanisms and controls are neces-
sary.

The purpose of the invention is to simplify the multipli-
cation mechanism and to improve its general operation.

‘We provide, therefore, a short-cut multiplication mech-
anism comprising a multiplier storage mechanism having
a storing element in each denominational order, said
storing element being provided with two stepped portions,
one representing the multiplier digits requiring short-cut
multiplication, the other representing the remaining multi-
plier digits, one of said portions being ascending, the
other being descending. We further provide a cycle
counting device, and a sensing device cooperating with
said storage mechanism for sequentially sensing said stor-
ing elements and sefting said cycle counting device ac-
cording to the differential travel made in sensing the
stepped portions of the individual storing element. There-
fore, upon sensing one of said portions said sensing device
will be adapted to travel through an extent proportional
to the complement to a fixed number, for example the
ten complement, of the multiplier digit sensed, while
travelling through an extent proportional to the multi-
plier digit itself upon sensing the other portion.

It will thus be apparent that the counting device set-
table by the sensing device may be used without any
particular provision for controlling the cycling mechanism
of the machine.

Further objects, features and advantages of the inven-
tion will become apparent from the following description
of a preferred embodiment thereof, taken in conjunction
with the accompanying drawings in which:

FIG. 1 is a partial left-hand longitudinal view through
a calculating machine embodying the multiplication
mechanism according to the invention, with reference to
an observer facing the front of the machine; ,

FIG. 2 is a partial left-hand longitudinal view through
the multiplier storage mechanism controlling device;

FIG. 3 is a left-hand longitudinal view through the
amount set-up means restoring device;

FIG. 4 is a partial left-hand longitudinal view through
the zeroizing device for the multiplier storage mechanism;

FIG. 5 is a plan view of the zeroizing mechanism
shown in FIG. 4;
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e
FIG. 6 is a partial left-hand longitudinal view through
the multiplication starting and stopping mechanisms;
FIG. 7 is a fragmentary plan view of the multiplica-
tion stopping mechanism shown in FIG. 6;
FIG. 8 is a fragmentary front elevation of the multipli-
cation stopping mechanism of FIG. 6;
FIG. ¢ is a fragmentary front elevation of the multipli-
cation mechanism of FIG. 1; ;
FIG. 10 is a fragmentary plan view of the multiplica-
tion mechanism of FIG. 1;

FIG. 11 is a perspective right-hand front view of .a
detail of FIG. 9; :

FIG. 12 is a fragmentary left-hand longitudinal view
through the cycle counting device;

FIG. 13 is a partial left-hand longitudinal view throngh
the register controlling device,

General description

The machine shown in the drawings is of the well
known ten-key keyboard type comprising an amount set-
up means generally indicated by the numeral 26 (FI1G. 1),
a register 22 and a set of vertically reciprocable differ-
ential actuators 21 controlled by the amount set-up means
20 to operate the register 22. The amount set-up means
20 comprises an indexable mechanism, such as a pin
basket 2¢”, and a transversely movable carriage 20" slida-
bly mounted on a stationary transverse shaft 300. In
the present embodiment the pin basket 2@’ is arranged on
the carriage 20" itself to form a single unit usually re-
ferred to as the pin carriage, which is transversely shifta-
ble to alter its cooperative relationship with the register
22. The pin carriage 20 carries nine horizontal rows
of stop. pins 23 indexable by the keyboard, not shown,
and corresponding to the digits from 0 to 8. The register
22 is of the type comprising two sets of intermeshing
register wheels 22’ and 22" supported by a cradle frame
28 reversible through 180°., Associated with each order
of the register is a transfer lever 29 and a transfer actua-
tor 30. ’

Each differential actuator 21 is connected through a
link 31 to a type carrier not shown in the drawings but
disclosed in the copending application Serial No. 369,059.

Setting up the multiplier

In performing a multiplication the multiplier is set
up in the pin carriage 20 as any other amount. The mul-
tiplier is then transferred by means of the actuator 21 to
a storage mechanism cooperating therewith.

Arranged behind the actuator 21 is a set of slides
32, one slide 32 being provided for each order of the
pin carriage 20 (see also FIG. 7). Each slide 32 is
movably mounted by means of two vertical slots 33 and
33’ on two rods 34 and 34’ secured at one end to a side
plate 35 pivotally mounted on a stationary shaft 36, By
swinging the side plate 35 clockwise a bent-gver lug 37
of each slide 32 is engageable with a set of teeth 38 of
the corresponding actuator 21.

Each slide 32 is further provided with testh 39 en-
gageable with a corresponding finger 49 of a set of fingers
resiliently carried by a bail 4%, The latter pivots about
a pin 42 secured to the side plate 35 and is formed with
a cam slot 43 cooperating with a pin 44 secured to the
machine frame, not shown in the drawings.

The slides 32 form the denominational storing elements
of the multiplier storage mechanism.

The multiplier set up in the pin carriage 29 is trans-
ferred to the slides 32 on operation of a special key 45
(FIG. 2). This key is adapted to start a machine cycle
which, as concerns the register 22, is a non-add cycle.
To this end the key 45 controls both a motor bar, such as
the motor bar 68 described in the United States Patent
2,821,342 and a function conditioning slide, such as the
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slide 152 described in the copending application Serial
No. 392,660 (Patent No. 2,954,921, issued Oct: 4, 1960).

Moreover, the key 45 carries a pin 46 adapted to ar-
rest a projection 47 of a slide 48 urged forwards by a
spring 49. Normally the slide 48 rests by means of a
bent-over Ing 56 (FIG. 3) upon the upper arm of a lever
51 pivoted at 52 on the machine frame and cooperating
with a cam 53 secured to a shaft 25. This shaft is the
main operating shaft of the machine and is caused by
the motor, not shown in the drawings, t¢ make oue full
revolution at each machine cycle.

The slide 48 is a variable function conditioning slide
of ‘the type described in the Italian Patent 491,469,

4

" moved upwards by their springs 26 until arrested accord-

10

granted March .5, 1954, with reference to the slide 221 -

shown in FIG. 6, this slide traveling through a variable
extent- according to the key depressed. More particu-
larly, on being arrested in the position marked I
(FIG. 2) the slide 48 conditions the machine for back
spacing -the pin carriage 2¢ and non printing; on being
arrested in position II it conditions the machine for non
prmtmg, on being arrested in position I it permits print—
ing. Finally, upon depressing the key 45 the pin 46
which was previously adapted to arrest the slide 48 in
position ITI, now arrests the slide 48 in the position IV,
wherein the slide 48 permits printing and conditions the
multiplier set up in the pin carriage fo be transferred
to the slides 32, as will be hereinafter described.

The slide 48 is formed with a lug 55 adapted to engage
the lower arm 56 of a lever 57 pivotally mounted on a
shaft 58 and formed with a bent-over lug 59 riding in a
slot 60 of 2 lever 61. The latter is formed at its forward
end with a hook 62 adapted to engage a pin 63 secured
to a lever 64 pivoted on the shaft 58. The lever 64 is
adapted to be held in two different positions by a posi-
tioning lever 65 and is formed at its rearward end with a
cam slot 66 envagmg a pin 67 secured to the side plate 35.

The lever 61 is connected to the upper arm of a lever
68 pivoted at 69 and having an arm 7@ cooperating with
a cam 71 secured to the main shaft 25. The cam 71
is formed with two cam portions 72 and 73 adapted to
sequentially engage the arm 70 during a single- revolution
of the shaft'25. A pin 74 secured to the cam 71 is
provided for engaging a further arm 75 of the levzr 68
to positively restore the latter upon completion of the
machine cycle.

The mode of operation of the described mechanism
is as follows:

Upon depression of the key 45 the main shaft 25 is
rotated counter clockwise, FIG. 3, through a single cycle.
 The cam 53 (FIG. 3) releases the lever 51 and the
slide 48 will be moved forwards by the spring 49 (FIG.
2) until after having engaged the arm 56 by means of the
lug 55 substantially in the pmmon 111, it is arrested be-
fore it contacts the pin 46 in the posmon IV. During
this machine cycle the multiplier set up in the pin carriage
20 will be printed like any other amount set up in the
keyboard.

Moreover, at the beginning .of the cycle the cam por-
tion 72 rocks the lever 68 clockwise, thus moving the
lever 61 forwards. Since the pin 63 is normally out of
engagement with the hook 62, as shown in FIG. 2, the
lever 61 will move idly. At the same time, the lug 55
on being moved forward with the slide 48, will engage the
arm 56 and rock the lever 57 counterclockwxse, thus low-
ering, through the lug 59, the lever 61. However, the
cams 53 (FIG. 3) and 71 (FIG. 2) are shaped in such
a maniner that the hook 62 in moving forward will al-
ready have passed the pin -63 when being - lowered.
Therefore, the hook 62 will not be enabled to engage the
pin 63 until completion of the action of the cam portion
72 and restoration of the lever 68 by a spring 75'. .

Finally, during the first half of the cycle a restoring
bail 24 (FIG. 1) is lifted by a cam of the main shaft 25,
pot shown in the drawings and the-actiators 21 are
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ing to the multiplier set up.

At the beginning of the second half of the cycle, that
is when the actuators 21 have assumed a position repre-
senting the multiplier set up, the cam portion 73 (FIG. 2)
rocks the lever 68 again. This time the hook 62 already
engages the pin 63 and the lever 64 will be rocked coun-
terclockwise, causing the same slot 66 engaging in the
pin 67 to rock the side plate 35 towards the actuators 21
(FIG. 1) about the shaft 36. Since the slides 32 move
bodily with the side plate 35, each one of the lugs 37
enters a notch between the teeth 38 of the corresponding
actuator 21. The positioning lever 65 (FIG. 2) holds
the lever 64 in its counterclockwise rocked position and
the slides 3% are thus held in engagement with the actu-
ators 21. It should be remarked that during the forward
movement of the side plate 33 the stationary pin 44
(FIG. 1) rocks the bail 41 clockwise about the pin 42,
whereby the positioning fingers 40 release the slides 32.

During the second half of the cycle the bail 24 restores
the actuators 21. Each slide 32 will thus be moved
downwards along with the associated differential actuator
through a number of steps corresponding to the digit
represented by the actuator itself, whereby the multiplier
will be transferred to the slides 32.

Upon completion of the cycle the pin 74 (FIG. 2}
restores the lever 68, whereby the hook 62 will rock the
lever 64 clockwise and the slides 32 will be disengaged
from the actuators 21, while being reengaged by the
positioning fingers 40 (FIG. 1).

As will be described later, the multiplier thus trans-
ferred to the slides 32 remains stored therein even after
completion of the multiplication, the slides being cleared
only upon setting up a new multiplier, during the first
half of the cycle started by the key 45,

To this end the slides 32 (FIG. 4) are engageable by
a restoring bar 76 ‘secured to an arm 77 pivoted on a
shaft 78. Secured to the arm 77 is a pin 79 cooperating
with a lever 80 bodily connected to a shaft 81 and pro-
vided with a pin 82 engageable by a cam 83 secured to
the main shaft 25. Normally the pin 82-is out of the
plane of the cam 83 (FIG. 5). Secured to the shaft 81
is a hub 84 carrying a stud 85 cooperating with a cam
slot 86 formed in a lug 87 bent from a slide 88. The
slide 88 is urged forwards by a spring 88’ (FIG. 2) and
is normally arrested by a pin 89 secured to a key 99.

‘The mechanism for clearing the storage mechanism
operates as follows:

Upon depressing the key 45, the pin 46 besides con-
trolling the travel of the slide 48, engages an inclined
slot 91 of the slide 88 and moves the latter backwards.
The cam slot 86 (FIG. 5) of the lug 87 will thus shift the
hub 84 transversely along with the shaft 81 and the lever
80, thereby moving the pin 82 into the path of the cam
$3. During the ensuing machine cycle the cam 83 will
rock the lever 8¢ clockwise (FIG. 4), thus lifting the re-
storing bar 76 into the position shown with broken lines.
The slides 32 will thus be returned to their upper normal
position whereupon they will be ready to engage the
actuators 21 for receiving a new multiplier.

Setting up the multiplicand

The muitiplier having been set up, printed and stored

in the manner described, the multiplicand wiil now be
set up in the pin carriage 20 and a multiplication key
94 (FIG. 6) depressed to start the operation of multi-
plication. A mechanism is provided to prevent the oper-
ation from being started both if the expected product
exceeds the capacity of the register and if no multipli-
cand has been set.

To this this end, the key 94 is provided with a pin 93
cooperating with the upper arm 96 of a lever 97 pivoted
at 98, The forward arm 96’ of the lever 97 is adapted
to engage a pin 99 of an arm 169 pivoted at 191 and con-
trolling the usual motor bar of the machine.
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The lever 97 is connected through a link 102 to a
lever 103 pivoted at 104. The link 102 is formed with
a lug 105 cooperating with an arm 106 linked to a lever
167 controlled by the cam 53 (FIG. 3). On being
moved upwards the arm 106 is adapted to engage a pin
108 connected to the pin carriage 20, thus restoring the
latter. However, the lug 105 is capable of rocking the
arm 106 clockwise to prevent it from engaging the pin
108, whereby the pin carriage 29 will not be restored at
the end of the cycle. As is well known in the art, the
same oceurs in a conventiona! repeat operation.

The lever 103 supports a rod 169 (FIGS. 6 and 7 )
extending transversely through the machine. Pivotally
supported on the rod 109 is a bail 210 each arm 311
of which is slidably mounted by means of a slot 113
on a statiomary rod 112. The bail 119 is furthermore
transversely slidable on the rods 109 and 112 (FIG. 7)
and is urged by a spring 114 to contact a pin 115 secured
t0 a lever 116. The latter is pivoted at 117 and en-
gages an extension ‘118 of the pin carriage 26.

The beam 119 of the bail 110 is arranged below the
lower end of the slides 32 (FIG. 6), but is off-set both
toward the rear (see FIG. 6) and the higher orders (see
FIG. 7) with respect to said slides.

The mode of operation of the mechanism will now
be described. )

Upon setting up the multiplier, a slide 32 is differen-
tially lowered for each digit thereof beginning from the
lowest order, and at the end of the machine cycle the
pin carriage 20 is returned to normal in the usual man-
ner. Upon thereafter setting up the muiltiplicand, the
pin carriage 20 ‘travels -again step by step towards the
higher orders. By means of the lever 116 the bail 118
is thus moved through the same number of steps towards
the lower orders, aligning its beam 119 laterally (as seen
in FIG, 7) with a corresponding number of slides 32.

On depression of the multiplication key 94 (FIG. 6)
a. spring 120 urges the lever 97 clockwise whereby,
through the link 162, it urges the lever 193 clockwise
and the bail 110 forwards,

If the sum of the number of digits of the multiplicand
set up in the pin carriage and of the multiplier stored in
the slides 32 exceeds the total number of slides 32 and
thus the capacity of the portion of the actuating and
register mechanisms directly contrclled by the pin car-

riage 20, then the bail 110 has been shifted too many steps

toward the lower orders (FIG. 7) and the beam 119
abuts against at least one slide 32 out of zerc position.
The lever 97 (FIG. 6) is thus prevented from rotating
clockwise and the arm 100 does not operate the mator
bar of the machine.

H, on the contrary, said sum is less than or equal to
the total number of slides 32, the beam 119 will be al-
lowed to move forward and the arm 168 will actuate the
mator bar, starting a machine cycle. At the same time
the arm 96 will lock the pin 93 in depressed position.

However, since the capacity of the register 22 is one
order greater than that of the slides 32 (see FIG. 7,
showing a number of actuators 21 exceeding the number
of slides 32 one unit), the multiplication should not be
prevented from being performed if the sum of the digits
of the multiplicand and multiplier exceeds the number
of slides 32 one unit, provided the highest significant
digit of the multiplier is less than five. This latter con-
dition is a consequence of the short-cut method of multi-
plication followed by the machine, according to which
the multiplier digits from five to nine require the pin
carriage 20 to be advanced one additional step for multi-
plying the multiplicand by ten, as is well known to those
skilled in the art. .

To this end the right hand end of the beam 119 (FIG.
8) is formed with a narrowed extension 119’ adapted
to be arrested, during the forward movement of the
beam, only by a slide 32 storing a digit from five to nine.
Therefore, if the sum of the digits of the multiplicand
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and multiplier exceeds the number of slides 32 one unit
and the highest significant. digit of the multiplier is less
than five, on depression of the key 94 the extension 119’
will pass below the slide 32 of said digit and multiplica-
tion will be started as in the case described above.

If no multiplicand has been set up prior to depressing
the key 94, the bail 110 will not have been shifted trans-
versely from the position shown in FIG. 7 and the beam
119 will be arrested by a fixed pin 121 (FIGS. 7 and 8),
thus preventing the multiplication from being started.

In the following description it will be assumed that
the factors of multiplication have always been correctly
set up.

General control of machine operation during
multiplication

The multiplication key 94 is adapted to start the oper-
ation of multiplication which is performed fully automat-
ically under the control both of the function conditioning
means invariably operated by the key 94 and of the vari-
able multiplier stored in the storage  mechanism 32.

As concerns the functions invariably controlled by the
key 94, it has already been described that on depression
of the key the lever 97 (FIG. 6) is enabled to rock
clockwise, thus operating the arm 100 which actuates the
motor bar of the machine. Moreover, it will be seen
that the lug 105 in moving forward rocks the arm 106
clockwise, preventing it from.actuating the pin 108 and
thus from restoring the pin carriage 20. The motor bar
will remain actuated and the pin carriage restoring mech-
anism will remain disabled as long as the key 94 will
remain locked in depressed position.

To control machine functions according to the multi-
plier set up, the slides 32 are sensed by a suitable sensing
mechanism,

To this end there is provided behind the slides 32 a
sensing carriage 122 (FIGS. 1, 9 and 10) made of two
plates 123 and 124 rigidly connected together and slid-
ably mounted by means of two pairs of lugs 125 and 126
on two transverse shafts 127 and 128, respectively.

Slidably mounted on two further transverse rods 131
and 132 (FIG. 7) is a bajl 13¢ rigidly connected by
means of a bar 129 to the pin carriage 20 and thus
adapted to move bodily therewith. The bail 130 is
formed with a set of notches 133 (FIG, 9) distanced
apart one unit of transverse spacing of the pin carriage 20:

A sensing plate 135 (FIGS. 1, 7 and 10) is longitndi-
nally slidable on the carriage 122 and is provided with
a slotted lug 136 (FIG. 1) housing a pin 137 carried by
a bail 138 (FIG. 6) pivotally mounted on a stationary
shaft 148. Under the action of a spring 140 (FIG. 10)
urging the carriage 122 toward the higher orders an ex-
tension 139 of the plate 135 normally contacts a lug 141’
of a lever 141 pivoted at 142.

The plate 135 is formed with a transverse sensing lug
143 (FIG. 1) arranged behind a recess 144 formed in the
slides 32 and normally embracing all the slides 32 but
that of the units order (FIG. 7.

The plate 135 is further formed with a lug 146 (FIGS.
1,9 and 10) adapted to engage, upon being moved for-
ward, one of the notches 133 of the bail 130 (FIG. 9),
thus connecting the carriage 122 to the bail 130, How-
ever, if the plate 135 is moved forward when the pin
carriage 29 is in its position of rest, the lug 146 is
arrested by a portion 147 of the bail 130,

Returning now to the bail 138 (FIG. 6), a pin 149
secured g_hcreto engages a slot 150 formed in an arm 151
linked to the lever 163. Moreover, an arm 152 of the
bail 138 is adapted to cooperate with a cam 153 carried
by the main shaft 25 and is normally held by the arm 151
in a position spaced apart from the cam 153, .

On depression of the multiplication key 94 (FIG. 6),
the lever 103 is rocked clockwise by the link 102, thus
moving the arm 151 upwards. The arm 152 will now be
permitted to be rocked counterclockwise by a spring 154
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until contacting the cam 153, During this movement the
pin 137 of the bail 138 moves the plate 135 forwards,
enabling the lug 146 (FIG. 9) to engage one of-the
notches 133 according to the number of steps made by
the pin carriage 20 when setting up the multiplicand.
Therefore, the sensing carriage 122 will be variably con-
nected to the pin carriage 28 and will then be adapted
to move bodily therewith, the extension 139 (FIG. 10)

disengaging from the lug 141’ upon the forward move-

ment of the plate 135.
" Controlling the number of cycles

As mentioned hereinabove, the multiplication is per-
formed according. to the short-cut method of repeated
additions 'and subtractions. -To accordingly control oper-
ation of the machine each slide 32 (FIG. 1) is provided
with two opposed stepped portions formed as stairs 155
and 156. The descending stair 155 (as seen when viewed
from the right) represents the digits one to five, while the
ascending stair 156 represents the digits five to nine. The
" height of each step of the two stairs is eqnal to the spac-
ing of the teeth 39.

- The two stairs 155 and 156 cooperate with two sensing
fingers 157 and 158 carried by a counting slide 159 longi-
tudinally movable on the carriage 122. The sensing
finger 157 normally lies in the vertical plane of the slide
32 of units order, while the sensing finger 158 is off-set
half space toward the higher orders (FIGS. 9 and 11)
and is vertically spaced apart from the finger 157 a dis-
tance equal to one step of the stairs 155, 156 (FIG. 1).

The slide 159 is provided with counting teeth 169
spaced apart a distance corresponding to the horizontal
depth of the steps of the stairs 155 and 156. The forward
tooth 160 is normally engaged by a pawl 161 movable in
a slot of a horizontal lug 124" of the rear plate 124 of

the carriage 122 and urged upwards by a spring 162.

" The tecth 166 as well as a projection 163 of the pawl
161 are engageable by a bail 164 secured to an arra 165
linked at 166 (FIG. 12) to a lever 167 pivotally mounted
on a stationary shaft 168. A spring 169 urges the lever
167 into contact with a stud 170 of a disc 171 fastened
to the main shaft 25. Under the urge of a spring 173 2
stud 172 of the arm 165 contacts a lever 174 pivoted on
the shaft 168. A forward arm 175 of the lever 174 car-
ries a stud 177 resting on'a cam 178 secured as well to
the main shaft 25, the arm 175 being' urged counter-
clockwise by a spring 176. - A rearward hook shaped arm
179 of the lever 174 cooperates with a pin 180 secured
to an arm 181 of a bail 182 pivotally mounted on a
stationary shaft 183. The arm 181 is formed with a
recess 184 adapted to receive the bail 164. A further
arm 185 (FIG. 6) of the bail 182 carries a pin 186 nor-
mally resting upon an extension 188 of the lever 103, the
bail 182 being urged clockwise by a spring 187.

The bail 164 (FIG. 1) is adapted to engage the front
end of an extension 195 of a slide 189 which upon being
moved rearwards sets a zero stop 23" and a spacing stop
23" of the pin carriage 20 to space the pin carriage one
step. As is well known in the art, this operation causes
the multiplicand set up in the pin carriage to be multi-
plied by ten. C

During each cycle of the main shaft 25 the stud 170
(FIG. 12) Tocks the lever 167 clockwise, moving the arm
165 and the bail 164 backwards, while the arm 175 is
urged by its spring 176 to follow the shape of the cam 178.

However, during normal machine cycles the lever 174
is prevented by the pin 180 from rotating counterclock-
wise, while an appendage 190 of the arm 181 prevents the
bail 164 from moving upwards and entering a recess 151
(FIG. 1) -of the slide 159, whereby the bail 164 is moved

- backwards idly.

- "Upon depression of the multiplication key 94 the ex-
tenision 188 (FIG. 6) of the lever 103 releases the pin
186 and enables the bail 182 to -tock clockwise until its
pin 180 (FIG, 12) is arrested by a projection 192 of the
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lever 174. At the same time the appendage 190 moves
out of the path of the bail 164. - : R

At the beginning of the ensuing machine cycle the step
178’ of the cam 178 enables the lever 174 to rock coun-
terclockwise, moving the bail 164 downwards. The bail
will thus engage the projection 163 (FIG. 1), lowering
the -pawl 161 and disengaging the counting slide 159.
The latter will now be moved forward by its spring 193
until its sensing finger 157 is arrested by one of the steps
of the stairs 155 and 156, advancing thus a number of
spaces corresponding to the digit represented by the
sensed slide 32. More particularly, said mumber will be
equal to said digit if the latter is one to four, and it will
be equal to the complement to a fixed number, namely, to
the ten complement of said digit if the latter is five or
MOre. ;

The following portion 178" of the cam 178, at about
mideycle, racks the arm 175 clockwise, whereby the pin
188 is enabled to fall into a recess 194 of the lever 174,
thus latching the latter in its clockwise rocked position
as long as the arm 181 remains in its clockwise rocked
position. Consequently, during the remainder of the
current and during the next following cycles, the bail 164
will be released and elevated but not lowered and the
pawl 161 will be permitted to reengage the teeth 160
(FIG. 1).

However, since during each machine cycle the stud 170
rocks the lever 167 clockwise and moves the lever 165
backwards, the bail 164 will each time engage a tooth
160 (FIG. 1) and return the counting slide 159 step by
step toward its normal position, the pawl 161 retaining
the slide 159 after each step. The sensing cycle ensuing
the depression of the key 94 also is the first multiplier
counting cycle because when the bail 164 starts moving
backwards, after having been emabled to move down-
wards by the step 178" (FIG. 12) of the cam 178, the
counting slide 159 will already have sensed the slide 32.
When the counting slide 159 has been returned to a posi-
tion one step before its position of rest; the bail 164 will
be permitted to enter the recess 191, thus further mov-
ing upwards. -On being thereupon moved backwards the
bail 164 will return the slide 159 to normal and further-
more engage the extension 195 and move the slide 189
backwards, thus causing the pin carriage 20 to be shified
one space toward the higher orders. = Since the sensing
carriage 122 moves bodily with the pin carriage 20, the
sensing finger 157 will be shifted into the plane of the
stide 32 of the tens order.

Moreover, on being moved backwards, the bail 164,
which is now located within the recess 184 (FIG. 12) as
permitted by recess 191 (FIG. 1), engages the edge 196
thereof and rocks the arm 181 counterclockwise, whereby
the pin 186 will release the recess 194, During the next
following machine cycle the lever 174 will be permitted fo
rock counterclockwise as during the first machine cycle
ensuing the depression of the key 94, and the bail 164
will be caused to engage the projection 163 (FIG. 1),
releasing the counting slide 159 again and enabling it to

- gense the slide 32 of the tens order.
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It will thus be apparent that the number of machine
cycles to be performed for each multiplier digit depends
upon the number of spaces through which the counting
slide 159 advances on sensing the correspording slide 32.

Moreover, it will be readily appreciable that the slides
32 are thus adapted to determine said number of cycles
without being restored; whereby upon completion of the
multiplication the slides 32 will still store the multiplier.

Controlling the add-subiract mechanism

According to the short-cut method of multiplication
followed by the machine, for the multiplier digits from
five to nine the add-subtract mechanism of the ‘machine
‘has to be operated to reverse the register 22 in order to
make repeated subtractions instead of additions. This
reversal is controlled by the slides 32 according to their
individual position. L ’ . -

"
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To this end each slide 32 (FIG. 1) is formed with a
projection 197 adapted to alternately cooperate with two
sensing lugs 198 and 2€0 carried by a sensing slide 199
longitudinally movable on the sensing carriage 122. ‘The
two sensing lugs 198 and 200 are located at different
heights, so that according to whether the slide 32 stores
a digit one to four or five to nine either the lug 198 or
the lug 20¢ will be arrested by the projection 197 on the
forward movement of the slide 199. However, since the
lug 200 is located one space behind the lug 198, the slide
199 will be enabled to advance one space more if arrested
by means of the lug 200. Finally, if the slide 32 is at
zero the projection 197 assumes the position shown with
broken lines in FIG. 9 and is not capable of arresting the
slide 199.

A slot 201 formed in the slide 199 (FIG. 1) engages a
shaft 202 fastened to a bail 203 (FIG. 6) pivotally
mounted on the shaft 128 and carrying a pin 204 adapted
to cooperate with an arm 205 of the bail 138. During
the normal cycles of the machine the pin 204 will be
arrested by the edge of the arm 205.

The shaft 202 is connected by means of a link 206
(FIG. 13) to a lever 207 pivoted at 208 and urged by a
spring 20% to contact a stud 210 of a lever 211. The
latter is pivoted at 212 and cooperates with a cam 213
secured to the main shaft 25. The upper end of the
lever 207 cooperates with a stud 214 of a lever 215
adapted to control by known means the reversing mech-
anism of the register 22, as described in the copending
application Serial No. 392,660 in connection with the
lever 126’ (FIG. 7).

Connected to the lever 207 is.a link 216 which in turn
is pin-and-slot connected to the lever 97 and is formed
with an aperture 217 wherein a pin 218 is located. The
latter is carried by a link 219 which upon being lowered
conditions the register engaging mechanism to engage the
register 22 with the differential actuators 21 for an
amount entering operation. The link 219 may be con-
nected to the function conditioning slide 142 described
in the copending application Serial No. 392,660.

On depression of the multiplication key 94 (FIG. 13)
the lever 97 rocks clockwise and moves the link 216
downwards, whereby the link 219 will condition the regis-
ter engaging mechanism for operation. Moreover, the
bail 138 (FIG. 6) rocks counterclockwise and moves the
arm 205 out of the path of the pin 204.

During the first part of each machine cycle the cam
213 (FIG. 13) enables the lever 207 to be rocked coun-
terclockwise by its spring 209, whereby the shaft 202 will
be moved forwards together with the sensing slide 199.
If the slide 199 is arrested by means of the sensing lug
198, the sensed slide 32 storing a digit one to four, the
lever 207 will not be rocked enough to raise the lever
215, whereby the register will remain in its normal add-
ing position. If, however, the slide 199 is arrested by
means of its lug 200, the sensed slide 32 storing a digit
five to nine, the lever 207 will be rocked so far to raise
the lever 215 into its upper position to condition the reg-
ister 22 to be reversed for subtraction. Finally, if the
slide 199 is not arrested by the projection 197, the sensed
slide 32 being at zero, the slide 199 will make its maxi-
mum travel and the link 216 places a recess 220 of the
aperture 217 above the pin 218. The latter is thus en-
abled to immediately return to normal and the register
22 will not be engaged with the actuators 21 during this
cycle.

It will thus be apparent that according to the position
taken by the sensing slide 199 on sensing a slide 32, the
machine will perform adding cycles if the multiplier digit
is one to four, subtracting cycles if the multiplier digit is
five to nine and non add cycles if the multiplier digit is
zero, the number of cycles of each series depending upon
the counting slide 159. )
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10
Additional eycle

It has already been mentioned that for each. multiplier
digit from five to nine the series of subtract cycles must
be followed by an additional add cycle in the next higher
order for muitiplying the multiplicand by ten.

To this end the sensing carriage 122 (FIG. 1) supports
a further longitudinally movable arresting slide 221 nor-
mally resting by means of an wpward projection 222 upon
a Iug 223 (FIG. 10) of the sensing plate 135 and formed
with an abutment 224 (FIG, 1) engageable by the bail
164. The slide 221 is further provided with a stop lug
226 spaced apart from the lug 157 (FIG. 9) half space
toward the lower orders.

When upon depression of the multiplication key 94
the sensing plate 135 moves forward, its Iug 223 (FIG.
10) will release the projection 222, thus permitting the
arresting slide 221 to be moved by its spring 225 (FIG.
1) to the position shown with broken lines for the lug
226. Therefore, the latter will be placed with its trans-
verse path interfering with the projection 197 of the
slides 32 storing a digit from five to nine. When during
the last machine cycle of the series of cycles made for
such a slide 32 the bail 164 engages the extension 195
and causes the pin carriage 20 to advance one space, the
stop lug 226 moving bodily with the sensing carriage 122
will be laterally arrested by the projection 197 of said
slide 32, the carriage 122 having thus been permitted to
advance half space only toward the higher orders. Fow-
ever, the pin carriage 20 will advance a full space as
usually, because the notches 133 (FIG. 9) of the bail 130
are so wide to permit the corresponding relative move-
ment between the two carriages to take place.

The number of machine cycles to be effected for the
slide 32 now sensed will be determined by the sensing
finger 158 instead of the sensing finger 157, the former
baving been placed into the plane of said slide. Since
the sensing finger 158 is located one space higher than
the sensing finger 157, the number of cycles determined
by the counting slide 259 will correspond to a multiplier
digit one upit higher than the digit actually stored in the
slide 32. Therefore, if the latter stores a digit from one
to four, the machine will make one cycle more; if the slide
32 stores a digit from five to eight the machine will make
one cycle less. Furthermore, if the slide 32 is at zero
its projection 197 will immediately arrest the forward
movement of an appendage 227 (FIG. 9) projecting
from the sensing lug 198. Consequently, the lever 207
(FIG. 13) will not engage the lever 215 and the link 219
will be lowered. Finally, if the slide 32 is at nine, its pro-
jection 197 will lie in the path of a recess 228 (FIG. 9)
formed in the sensing lug 260, whereby the sensing slide
199 will be enabled to make its maximum travel. In
this case the recess 220 (FIG. 13) will prevent the link
219 from being lowered,

It will thus be apparent that in an order immediately
following a multiplier digit equal to or higher than five,
the machine will make, according to the four cases de-
scribed above, the following cycles: one add cycle more;
one subtract cycle less; an add cycle; a non add cycle.

" During the last cycle of the series of cycles so made
the bail 164 (FIG. 1) enters the recess 191 and engages
the step 224, moving the arresting slide 221 backwards
and releasing the lug 226 from the projection 197, where-
by the sensing carriage 122 will be permitted to complete
its step toward the higher orders, The half space so
made adds now to the adjoining full space normally made
by the sensing carriage 122 upon engagement of the ex-
tension 195 by the bail 164.

Controlling the printing mechanism

It has already been stated that the multiplier is printed
horizontally by means of the usual printing means 31
(FIG. 1) controlled by the differential actuators 21, The
same applies to the multiplicand, which will be printed
during the first multiplication cycle, the printing mech-



3,005,585

11
anism being thereupon disabled until completion of the
pultiplication.  Since the operation of the printing mech-
anism does not affect the present invention, it will not be
described here. - ’ .

Last multiplicatioﬁ cycle and stopping the machine

It has been stated above that upon depression of the
multiplication key 94 the arm 152 (FIG. 6) contacts the
cam 153. During each multiplication cycle the cam 153
enables the bail 138 to further rotate counterclockwise
until the sensing plate 135 is arrested by the teeth 39 or
the portion 145 of at least one slide 32. In this case the
bail 138 holds the upper end of the arm 151 out of the
path of a lug 245 of a lever 246 pivoted at 235 and con-
trolled by a main shaft operated cam: 247. :

- Moreover, it-has been stated above that during the
multiplication cycles the bail 182 is rocked clockwise,
whereby the arm 185 will be placed into the path of a
lug 248 of the bail 138. B
" During the last cycle of each series of multiplication
cycles the bail 164 engages the edge 196 of the arm 181
and returns the bail 182 to normal, thus releasing the
lug 248 from the arm -185. However, as long as during
this cycle the sensing plate 135 will be arrested by at
least one slide 32 out of zero position, the bail 138 will
still be prevented from further rocking counterclockwise.
When .the sensing carriage 122 is shifted to sense the
highest significant digit of the multiplier the transverse
lug 143 will face a recess 144 in all the higher orders;
when during the last cycle of the series the arm 185
releases the lug 248 the bail 138 will at last be enabled
to follow the cam 153 -and to- be further rocked counter-
clockwise. ~Consequently, the arm 151 will be moved
into the path of the lug 245 which upon being actuated
by the cam 247, will now depress the arm 151 and restore
the lever 103 and associated link 102 and lever 97. The
arm 96 of the Iatter will thus unlatch the multiplication
key 94 which will-be_ permitted to feturn to rest, while
the arm 190 will rélease the motor bar, thus stopping the
machine. . ' »

.- However, -the described mechanism for stopping the
machine works only if the last cycle whose operation
has just been described is one of a series of adding
cycles. If, on the contrary, the last series of multipli-
cation.cycles is one of subtract cycles, the two described
conditions for stopping the machine, namely the lug 143
sensing the slide 32 of the highest significant order and
the bail 164 restoring the bail 182 during the last cycle
of the corresponding series of cycles, are supplemented
by the additional condition that said series of subtract
cycles be followed by one add cycle in the next higher
order. - :

- There is therefore provided an additional mechanism
for locking the bail 138, said mechanism being effective
" when the machine makes either subtract or non add cycles.
To this end the bail 203 carries a lug 249 adapted to co-
operate with a lug 258 of the arm 265.

On depression of the multiplication key 94 the arm
205 takes the position marked I, the sensing plate 135
having been arrested by a slide 32, and during each fol-
lowing machine cycle the bail 263 is rocked to a position
corresponding to the travel made by the sensing slide
199 (FIG. 1). If the latter is arrested by means of the
addition conditioning sensing lug 198, the lug 249 (FIG.
6) takes the position marked A, wherein it is out of the
‘path of the lug 250. The bail 138 will thus be permitted
to rock counterclockwise and to stop the machine as de-
scribed above. If, however, the slide 199 (FIG. 1) is ar-
rested by means of the subtraction conditioning sensing
lug 200 or is not arrested at all, the lug 249 (FIG. 6)
will take the positions marked S and NA, respectively,
thus preventing the lug 250 from moving to the position
marked II. * In this case the machine will not be stopped
and ‘the-additional cycle described above will be caused
to be made, during which the slide 32 of the next higher
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order will be sensed by the senmsing lug 158. Since this
slide 32 is-at zero, its projection 197 will arrest the slide

- 198 to condition an add cycle, as described hereinbefore.

During this cycle the lug 249 will be moved to the posi-
tion.A, thus permitting the machine to be stopped.

During the last machine cycle the bail 138 upon being
rocked clockwise restores the sensing plate 135 to normal,
thus withdrawing the lug 146 (FIG. 1) from the notch
133 and disengaging the sensing carriage 122 from the
pin carriage 20. Moreover, the Jug 105 (FIG. 6) releases
the arm /106, enabling it to engage the pin 108 and to
restore the pin carriage 20. The sensing carriage 122
will be restored concomitantly with the pin carriage 20,
the arm 106 being adapted to engage a lug 262 arranged
adjacent to the pin 108 and conirolling a restoring mech-
anism for the sensing carriage 122 similar to that for
the pin carriage 20. . '

What we claim is: ‘

1. In a short-cut multiplication mechanism for calcu-
lating machines, a multiplier sforage mechanism -having
a storing eclement in-each’ denominational order, said

. storing element having two stepped portions, one repre-
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senting the multiplier digits 5-9 requiring short-cut multi-
plication, the other representing the remaining multiplier
digits 1-4, the one of said portions being ascending, the
other being descending; a cycle counting device, and a
sensing device cooperating with said storage mechanism
for sequentially sensing said storing elements and setting
said cycle counting device according to the differential
travel made in sensing the stepped portions of the
individual storing element, whereby upon sensing the
one of said portions said sensing device is adapted
to travel an amount propottional to the complement to
a fixed number of the multiplier digit sensed, while
travelling an amount proportional to the multiplier digit
itself upon-sensing the other stepped portion.

2. In a short-cut multiplication .mechanism for cal-
culating machines, a inultiplier storage mechanism having
a. storing élement in each denominational order, said
storing elément having two stepped portions, one repre-
senting the multiplier digits 5-9 requiring short-cut multi-
plication, the other representing the remaining multiplier
digits 1—4, the one of said portions being ascending, the
other being descending; a cycle counting device, a sens-
ing device cooperating with said storage mechanism for
sequentially sensing said storing elements and setting said
cycle counting device according to the differential travel
made in sensing the stepped portions of the individual
storing element, whereby upon sensing the one of said
portions said sensing device is adapted to travel am
amount proportional to the complement to a fixed num-
ber of the multiplier digit sensed, while travelling an
amount proportional to the multiplier digit itself upon
sensing the other portion, and means for stepwise re-
‘turning said settable cycle counting device to normal dur-
ing each machine cycle according to a constant direc-
tion of motion, irrespective -of the multiplier digit sensed.

3. In a short-cut multiplication mechanism for caleulat-
ing machines, a multiplier storage mechanism having-a
movable storing element in each denmominational order,
said storing element having two stepped portions, one
representing the multiplier digits 5-9 requiring short-cut
multiplication, the other representing the remaining multi-
plier digits {4, the one of said portions being ascending,
the other being descending; a cycle counting device, a
transversely movable sensing carriage, a sensing device
movably mounted on said carriage and cooperating with
said storage mechanism for sequentially sensing said stor-
ing elements to. set said cycle counting device according
to the différential travel made in sensing the stepped por-
tions of the individual storing element, said sensing device
being provided with two distinct’ sensing fingers spaced
apart a distance equal to one step of said stepped portions

 in the direction of motion of said storing element and
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equally spaced from said storing element in the direction
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of sensing movement, said sensing fingers being trans-
versely spaced apart substantially half the distance be-
tween two adjacent storing elements and being adapted
to alternatively sense said stepped portions, and means on
a storing element storing a multiplier digit requiring short-
cut multiplication for contrelling said carriage to travel
through said half distance, whereby the sensing finger off-
set toward the higher orders with respect to the other
sensing finger wiil substitute for the latter in sensing the
storing element and the multiplier digit so sensed wiil be
increased one unit,

4. In a multiplication mechanism as claimed in claim 3,
a cam portion on each storing element adapted to indicate
the sign character of the machine cycies to be effected for
the stored multiplier digits, a second sensing device mov-
ably mounted on said sensing carriage and adapted to
sequentially sense said cam portions to condition the
machine according to the character of the multiplier digit
sensed in the individual storing element, and transversely
extending means between said second sensing device and
said cam portion for enabling the second sensing device to
remain unaffected by said sensing finger substitution,

5. In a multiplication mechanism as claimed in claim 3,
an arresting element movably mounted on said sensing
carriage and transversely spaced one order toward the
lower orders from said off-set sensing finger, said arresting
clement being adapted to be laterally arrested by said
means on said storing element storing a multiplier digit
Tequiring short-cut multiplication, and means for step-
wise returning said cycle counting device to normal, said
returning means being adapted to render said arresting
element ineffective upon the last return step of said count-
ing device.

6. In a multiplication mechanism for calculating ma-
chines having a cycling mechanism and manual means
adapted to start said cycling mechanism, a multiplier
storage mechanism having a storing element in each
denominational order, a transversely movable sensing
carriage, a cycle counting device, a sensing device mov-
ably mounted on said sensing carriage and cooperating
with said storage mechanism for sequentially sensing said
storing elements and setting said cycle counting device
according to the multiplier digit sensed in the individual
storing element, a sensing plate movably mounted on said
sensing carriage and adapted at each machine cycle to
simultaneously sense the storing elements of the orders
higher than the storing element actually sensed by said
sensing device, and means jointly cperable by said cycle
counting device and said sensing plate for stopping said
cycling mechanism upon sensing a clear storing element in
all the orders sensed.

7. In a short-cut multiplication mechanism for calculat-
ing machines, a multiplier storage mechanism having a
storing element in each denominational order, a cycling
mechanism, a transversely movable sensing carriage, a
cycle counting device, a first sensing device movably
mounted on said sensing carriage and cooperating with
said storage mechanism for sequentially sensing said stor-
ing elements and setting said cycle counting device accord-
ing to the multiplier digit sensed in the individual storing
clement, an add-subtract control mechanism, a second
sensing device movably mounted on said sensing carriage
and adapted to sequentially sense said storing elements to
condition said control mechanism according to the char-
acter of the multiplier digit sensed in the individual
storing element, a third sensing device movably mounted
on said sensing carriage and adapted at each machine cycle
to simultaneously sense the storing elements of the orders
higher than the storing element actually sensed by said
first and second sensing device, and an element jointly con-
trolled by said first, second and third sensing device for
stopping said cycling mechanism.

8. In a caleulating machine, a multiplicand set-up means
comprising an indexable mechanism and a transversely
movable carriage, a register, differential actuators con-
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trolled by said mechanism to operate said register, a multi-
plier storage mechanism having a storing element in each
denominational order, said storing elements being engage-
able with said actuators and movable thereby out of nor-
mal position for storing a significant multiplier digit, a
sensing transverse adapted to embrace all said storing ele-
ments but normally out of the path of same, said sensing
transverse being stepwise transversely movable toward the
lower orders under the control of said carriage and being
thereby positioned to sense a number of storing elements
corresponding to the aumber of digits of the multiplicand
represented by said indexing mechanism, said sensing
transverse being movable toward said storing elements to
sense same, multiplication starting means, and means con-
trolled by said sensing transverse for preventing operation
of said multiplication starting means upon sensing a stor-
ing element out of normal position.

9. In a calculating machine as-claimed in claim 8,
wherein the multiplier digits 5-9 are calculated according
to the short-cut method and the storing elements are dif-
ferentially movable according to the significant multiplier
digit stored and are adapted to arrest said sensing trans-
verse when out of normal position, a recess formed in said
transverse for preventing the same from being arrested by
the storing element representing the highest significant
digit of the multiplier when set to represent a multiplier
digit 1-4 not requiring the short-cut method.

10. In a short-cut multiplication mechanism for cal-
culating machines, a multiplier storage mechanism having
a storing element in each denominational order, said stor-
ing element having two stepped portions, one representing
the multiplier digits 5-9 requiring short-cut multiplica~
tion, the other representing the remaining multipiier digits
1-4, the one of said portions being ascending, the other
being descending with increasing digit value, a transversely
movable sensing carriage, a cycle counting device, a first
sensing device movably mounted cn said sensing carriage
and cooperating with said storage mechanism for sequen-
tially sensing said storing clements to differentially set said
cycle counting device according to the differential travel
made in sensing the stepped portions of the individual
storing element, said sensing device upon sensing the one
of said stepped portions being adapted to travel an amount
proportional to the complement to a fixed number of the
multiplier digit sensed, while travelling an amount propor-
tional to the multiplier digit itself upon sensing the other
portion, a cam portion on each storing element adapted to
indicate the sign character of the machine cycles to be
effected for the stored multiplier digits, and a second
sensing device movably mounted on said sensing carriage
and adapted to sequentially sense $aid cam portions to
conditicn the machine according to the character of the
multiplier digit sensed in the individual storing element,

11. In a calculating machine, a multiplicand set-up
means comprising an indexable mechanism and a trans-
versely movable carriage, a register, differential actuators
controlled by said mechanism to operate said register, and
a multiplier storage mechanism having a storing element
in each denominational order, said storing elements being
engageable with said actuators and movable thereby out
of normal position for storing a significant multiplier digit,
the combination of a transversely movable member nor-
mally out of contact with said storing elements, and means
controlled by said carriage for stepwise transversely mov-
ing said member toward the lower orders and positioning
said member to contact the storing element Tepresenting
the highest significant multiplier digit.
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