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This invention refers to power-operated calcu-
lating machines. Automatic calculating ma-
chines have been constructed, but they are rather
complicated and bulky. Especially for pin wheel
machines having an actuator (rotor or drum) ro-
table in two directions, it heretofore has not been
possible to construct a simple and reliable mech-

(CL 235—83)

anism for automatic shifting both to the right -

and to the left for muitiplication and division.

The actuator which is rotatable in either direction
must be reliably stopped in its full cycle position,
before the shifting may begin, and a reliable
mechanism performing those functions has not
heretofore been known, The chief purpose of the
invention is to provide suitable automatic power-
operated mechanism for shifting the carriage to
the left or to the right.

Another purpese of this invention is to effect
automatic shifting as soon as the multiplication
- or division key has been released,
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Another purpose of this invention is to create

a reliable mechanism for this purpose, which is
centrolled by a conirvei lever which may be set
in three positions,

Another purpose of this invention is $o provide
& caiculating machine with a conirsl lever set-
table in three positions, by means of which the
machine is set for full-sutomatic division and
aiso for multiplicaiion with shifting of the ac-
tugtor to the right or io the left,

Other purposes will be evident from the follow-
ing specification. ‘ '

Embodiments of the invention are illustrated in
the annexed drawings, by way of exampie.

Fig. 1 shows & plan view of the principal parts
of the machine, Only those parts are shown
which are necessary for explaining this invention
{chiefly the shifting means, the keyboard and the
actuating means for plus and minus revolutions
controlled thereby). o

Fig. 2 is an end view from the right in Fig. 1
and illustrates a part of the control for the driv-
ing mechanism,

Figs. 2a and 2b show details taken from Fig. 2.

Fig. 3 shows an end view from the left in Fig, 1
and also disgloses the members for reversing the
revolutions counter actuator.

Fig. 4 shows the parts illustrated in Fig. 3 as
viewed in the direction of the arrows IV—IV of
Fig. 3. (Thus, Fig. 4 is a partial rear view.)

Fig. 5 shows the revolutions counter actuator

with its controlling means.

Fig. 6 shows a detail seen in the direction of
the arrows VI—VI of Flig. 2.
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Fig. 7 shows a detail viewed in the direction of
the arrows VII—VII in Fig. 2. .

Fig. 8 is a partial rear view, that is, in the di-
rection of the arrows VIII-—-VIII in Fig. 1.

. .Pig. 9 shows the right hand part of Fig. 1, some
parts being broken away to shiow the parts below.

Fig. 10 is a view looking in the direction of the
arrows X—X in Fig, 1.

Fig. 11 is a front view of the control keys and
the adjacent parts.

Fig. 11a shows a front view of the addition or
-+ key and the multiplication or X key and the
adjacent parts. -

Fig. 115 shows a front view of the subtraction
or — key and the division or -+ key and the ad-
jacent parts, :

Fig. 11c is a detailed view of an arrangement
for preventing simultaneous depression of the
multiplication and division keys.

Mg, 12 is g view of the driving coupling seen
in the direction of the arrows XIT—XII of Fig, 10.

Big. 13 is a view of the machine seen from be-
iow.

Fig. i4 shows & front view of a delzil of the
shifting mechanism,

¥ig. 15-is & cross-sectional view igken on the
iine XV—XV in Fig. 14. '

Fiz. 18 shows g modified embodiment in which
. adédition key only but no subtraction key is
rovided. Direct subtraction is then effected by
spressing the —+ key, when the operating lever
is set to s lowermost position.

Fig. 17 is a plan view of g gear train for driv-
ing the actuator and other paris of the appa-

1
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5 ratus,

Pig. 18 is an end view of the gear train shown
in ™Mg 17,

Fig. 19 shows a detail of the mechanism for
rreventing shifting in adding and subtracting
operations.

Fig. 20 shows a detailed view of the upper part
of Fig. 6. ‘

PFig. 21 is a view looking in the same direction

-as Fig. 10, and illustrates how the machine is

stopped when the capacity of the accumulator is
exceeded.

For the sake of clearness, only the principal
parts are shown in the drawings.

The drawings will now be explained in detail.
It should be mentioned that in this specification
the terms “right,” “left,” “back,” “front” are used
as they apply to an operator sitting at the key-

. board of the machine. .

The machine as shown is in its principal fea-

tures constructed in accgrda.nce with U. 8. »Pat_-




2
ents Nos, 2,108,596 and 2,243,075, though the in-
vention is not limited to that type of machines.
The driving mechanism may be constructed in
accordance with U, S. Patents Nos. 2,068,898 and
2,127,102. The accumulator and the revolutions
counter (or quotient register) may be cleared in
well~-known manner, for instance by hand (see
U. 8. Patent No. 2,188,748), while the setting
mecheanism or actuator mey be cleared in accord-

ance with U. 8. Patents Nos. 2,068,898 and
1,827,771,
The caleulating maching shown in the draw-

ings'is of the Odhuner or pin wheel typs snd hes
a setting meach . wheel rotor) or actu-

Ly
ator 4§, which Is ro 'a,{,ably' jowrnalied in a car-

riage M movable along the shaft § which is the
principal driving s h L. Por effecting the cal-
culating opemtio;m, this shaft § with the actu-

atm 4 s rotate d ?11 exmm' dlrﬁ »ftow (x qinus ru/
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g keya 1971090, The key |

is wo** “h! sten by step to the
right 7 f)f) is fov ‘ting the same
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52@3 1
secured
set to three positions,
of wmulbipiication “g”

an b 3
irom plate ? and ¢
nemely, the two posit
and “5” and the vosition
of division “c.” In these positions the lever 28!
is latched By a latching arm 209 cooperating with
three notches in the end of lever 204. Saild latch-
ing arm .ig biased by a tension spring 210 and
rockable on the pin 20! secured fo the botiom
plate 206. An arm 213 of the CODtT'Ol lever 201
is movable 1n 8 cam slof 204 (Big. 3) of a lever
205, which is rockable on the pin 218 secured to
the left hand side wall 217 of the machine frame.
A revolutions counter actustor (or guotient
tooth) 219 is displaceably splined on a shaft 248
(Figs, 1, 3 and 5) and actuates the revolutions
counter N, 'This shaft is rotatably journalled in
the side walls of the machine frame and is also
movable axially, and it carries the gear 220 (Fig.
5) rigidly secured thereto. The hub of this gear
carries on either side coupling projections 22i.
‘When the shaft 218 is moved axially, one or the
other of these projections engages a slot in the
hub of one or the other of two gears 222 or 223,

2,398,286

respectively, depending upon the direction of mo-

tion. These gears are loosely rotatable on the

shaft 218 and are permanently driven in oppo-

site directions from ithe main shaft 5 by gear
6 transmissions. The gear 220 drives the tens
transfer rotor of the revolutions counter.

When the shaft 248 Is moved axially in the di-
rection of the arrow marked 4 in Fig. 5, the shaft
is driven by the whesl 222 which rotaues in the
same direction as the shaft & that is as the ac-
tuator 4. Thus the shafts ¥ and 213 rotate in
the same direcilon and conseguentiy the actu-
ator 4 and the revolutions counter actuator 218
have the same divection of rotation. For multi-
plication this is the novmal position of the shaft
218 and is hev‘ei*’n colled ifs plus position.

But if the shatt 218 is moved axiaily in the di-
rection of v;he ~— arrow to its exireme left posi-
tion, the shafts § and 208 coupled to rotate
in oppostte divections, and hence the actuator 4
and the revolutions counter actuator rotate
in opposite directions. This is the nor 5051~
tion for division and iz called ife minus position.
"he axiel motion of the shaft 218 is effected by
the lever 225 (Figs, 3 and 5) which is rockable
on the stesionary »in ;;'ZH g carries
This cam ccoperal
peripheral siol 227 ap the
When the lever 225 is ‘r‘OCIC
ion (see srrows), the shoft 2
118 pom m@n and 'VALC v:,
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purpose the Znob or vam .f 4 5. 2 smd 4
usad which is secured to the mm 259 and e g
through g slot in the machine casing 239 so that
it can ke actuated by hand from ths ouiside. If
th,u knob is Arst pressed downwards end then
moved in the direction of the — zrrow, the shaft
218 is moved from its - position to its — posi-
tion, though the control lever 20 is still in its
pogition “®” for multiplication. Now, it is pos-
sible 6o effeet “minus raultiplication” (negative
miultiplication) in the machine. Such “minus
multiplication” is, for instance, used for solving
problems of the form: aXb—eXxd, Firet, the first
product aXb is calculated in the accumulator in
the ordinary way by positive ragultiplication (plus
multiplication) and then the difference is gi-
rectly caleulated by calculating the second prod-
uct eXd by use of — revolutions, that is as minus
multiplication. To atiain & correctindication of
the multiplier in the revolutions counter in such
operation, it is necessary that the shaft 218 is
moved to its minus position, so that during the
minus multiplication the actuator 4 rotates in the
75 negative direction (— revolutions) but the revo-
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1utions counter actuator 219 in the positive direc-
tion (4 revolutions).

If the control Ic /er 201 is in its “e” position
(for division), the knob 234 may be moved by
hand in the dnectxon of the 4 arrow in Fig. 3
for carrying out minus-division or “negative”
division, that is, division with rotation of actuator
4 and tooth 219 in the same sense. - Such opera-
tion can, for instance, be used for solving a prob-
lem of the type a+b—c-+d. Then the first quo-
tient a-+b is calculated in the ordinary manner
(actuator 4 rotating in one direction and revolu-

tions counter actuator 219 in the opposite direc-,

tion, this may be termed “4 division™ or “posi-
tive” division), and the quotient is left in the

revolutions counter N (which is not cleared).

The shaft 218 is moved to its 4- position (position
of like rotation) by manipulation of the knob 234
and the second quotient c=-d is calculated; dur-
ing this operation the actuator 4 and the tooth
219 both rotate in the same direction so that the
second quotient c--d thus calculated is directly
subtracted from the first quotient a--b. The
difference directly appears in the revolutions
counter N.
As is shown in Fig. 3, the innermost edges 23§1
of the two outermost notches 23 slant towards
"the central notch. If the lever 225 has been
moved out of its normal position by means of
the knob 234, when the control lever 20f is in
either of its positions “a,” “b” and “c,” and then
the lever 201 is moved from its “b”-position to its

¢”-position, or vice versa (or from its “a”-~posi-
tion via "its “b”-position to its “c”-position, or
vice versa), the pin 233 slides on the slanting
edge 2311 and enters the central ncich 23i§.
Thus, as soon as the lever 201 is shifted from its
“b"-position to its “c”-position, or vice versa, the
arm 2298 always will have its central notch 23I
in engagement with the pin 233.

At its top the arm 215 has a portion 236 ex-
tending at right angles to the arm (Figs. 3 and 4)
on which the member 23. is rotatably journalled
on the pin 238. The free end of the member 231
is pressed-downwards by a tension spring 239 to
engage the tens transfer lever 100 of the highest
denomination of the accumulator. The lever 00

10

3

tain cases, is secured to the slide 24 in such
manner that the lever 202 is both rockable and
slidable in relation to said slide. The disconnect-
ing lever 202 has a recess 244 with two notches
through which one of the pins 243 passes. A ten-
sion spring 245 connects the slide 281 with the
lever 202 and forces the latter to assume either
of the two positions determined by the two
notches of the recess 244, and shown in fuil lines
and dotted lines, respectively, in Figs. 1 ang 13.

A stud 246 is secured to the bottom plate 206
and pivotally supports a lever 241. This lever
carries a pin 248 on which a hook lever 249 is
rockably journalled. This pin also enters a slot
in' the step shifting plate (eft-right-shifting:
plate) 250, which carries two pins 251, 252 and

is drawn by a tension spring 253 to the right

20

in Fig. 1. When the control lever 201 is in its
position “b” and simultaneously the disconnect-
ing lever 202 is in its normal position indicated

~ by a right-hand arrow (—) as shown in full lines

25

30

8-

40
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is rocked upwards, when the capacity of the ac-

cumulator is exceeded, and thus an over-draft
occurs in over-addition or in over-subtraction,
that is when larger value than that already reg-
istered is subtracted therefrom. If the lever 100
is thus rocked, when the lever 201 is in its posi-
_tion “a” or “b,” the lever 100 only rocks the
member 237 upwards in an idle stroke, as shown
in Fig. 3, because the stop impulse lever 102 is
- out of the path of the member 237. But if the
lever 281 is in its “c”-position, the stop impulse
lever 102 is in the path of motion of the member
231, when rocked upwards by the tens transfer
lever 100 as just described so that said member

rocks the lever 102 upwards or counter-clockwise -
ang stops the actuator, as described below under.

the heading: Ordinary division with unlike rota-
tion of actuator and revolutions counter actuator.

Right, left and non-shift tabulation control

Into the bottom plate 206 (Figs. 1 and 13) two
screws 240 are screwed, passing through slots in
a slide 241 movable rectilinearly on said bottom
plate. A pin 242 secured to said slide enters a
slot of the lever 281 so that when said lever is

“shifted the slide 241 follows it. By means of the
pins 243 the disconnecting lever 202 which serves
for disabling the tabulation to the right in cer-

50

in Fig. 1, then the shifting plate 250 is in en-
gagement with the lower end of a step shifting
lever 254 (Figs. 1, 13, 14, 15) for shifting to the
right. But if the control lever 281 is moved into
its position “a,” the slide 241 with its arm 2411
is moved to the left in Fig. 1 and strikes the. pin
282 to pivot the shifting plate 250 to the left
so that this plate now engages the lower end
of a step shifting lever 26§ (Figs. 1, 13, 14 and
15) for shifting to the left. When the lever 201
is switched over to its position “c,” the shifting
Pplate 250 is drawn by the tension of the spring
253 to engage the right step shifting lever 254
and remain in contact with it. But if the dis-
connecting lever 202 is in'its extreme left position
in Fig. 1 (operative position) indicated by a ver-
tical arrow (}) in Fig. 1, while the lever 201 is
in its position “b,” the shifting plate 250 with
its pin 251 engages the edge 2021 of the discon-
necting lever 202 and thus is kept in its central
inoperative position, not engaging either of the
levers 254 or 255, If now the lever 281 is moved
to its position “a,” the shifting plate 250 is rocked
to engage the step shifting lever 255; and when
the lever 201 is moved into its position “¢,” the
shifting plate 250 again engages the step shifting
lever 254. Thus, it is evident that when the dis-
connecting lever assumes its said operative posi-

_ tion, the automatic step by step shifting is in-

55

operative only in the position “b” of the lever

/'201 In other words, the disconnecting lever 202
is always ineffective when the lever 201 ls in its
position “a” or “¢.”

When the step shifting lever 254 is actuated,
the actuator 4 is automatically shifted one step
to the right; and if the step shifting lever 255§ is
actuated, said actuator is shifted one step to the

60 left. Asisshown in Figs. 14 and 15, the lever 254

(]

journalled on the shaft 36 of the keys acts di-
rectly on the step shifting pawl 160, 164 (see Figs.
30 and 33 of U. S. Patent No. 2,108,596) , 5o that
said pawl moves the rack 61 to the right. Said
rack is secured to the carriage of the actuator 4 .
and consequently said actuator is shifted one step
to. the right. When depressed the key 197 for
step by step shifting to the right acts directly
on the pawl 160, 164. The step shifting lever 255 .
is directly connected with the U-shaped member
43 (Figs. 14, 15) which can also be directly actu-
ated by depressing the key- 199 for step by step
shifting to the left. If the lever 255 is rocked in
the direction of the arrow A, Pig. 1, the actuator
4 is shifted one step to the left, that is towards
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higher denominations. The step by step shifting
mechanism proper is described in detail in U, 8.
Patents Nos. 2,108,596 and 2,243,075,

Disabling the automatic shifting #n end positions

As described in detail below, the pivoted lever
241 performs one rocking motion in the direction
of the arrow B, Figs. 1 and 13, and back again,
when the actuator 4 is stopped by the catching
pawls 58 and catching arms 87 (¥ig. 2) after one
or more revolutions for a calculating operation.
This rocking motion may be transferred by the
hook lever 248 to a projection 287 of the shifting
plate 250. The hook lever 249 rockable on the
journal 248 has a recess or cam slot 258 and the
cam edge thereof is engaged by & projection 288
(Figs. 1 and 8) of s U-shaped member 258 which
is displaceable along the siationery studs 262, A
compression spring 26{ presses the member 259
to the left in Figs, 1, 5 and 8 to engeage the mem-
ber 263 which serves o couple the revolutions
counter actuator 2i§ to the carriage of the actu-
ator 4 during the calculating operations (see U, 8.
Patent No. 2,243,075). When ihe member 263 is
in its position of rest (extreme right pesition)
and the levers 201, 282 are in their position shown
in full lines in Mg, 1, the member 258 by means
of its projection 286 keeps the hook lever 249 in
such position thai the projection 287 iz out of
the path of motion of the lever 248 so that the
swinging lever ¢47 does not drive the shifting
plate 260, the pin 248 sliding in ths slot of the
shifting plate 25¢. But if the actuator 4 is tabu-
lated or shifted to the left, for instance, by means

of the key 199, the member 288 foliows due to the -

pushing action of the spring 281, until said mem-
" bér is checked by a stop. In the drawings this
stop is the left hand side wall 211. This motion
of the member 258 from its full line position to
its position shown in dash-and-dot-lines is equal
to or shorter than the axial distance between
two adjacent totalizer wheels. This motion of
the member 259 causes the projection 268 to rock
the hook lever 248 into engagement with the
projection 287 so that at the next swinging mo-
tion of the lever 2471 the shifting plate 250 fol-
lows and actuates whichever of the step shifting
levers 254 or 255, that said plate is set to engage.

‘When the actuator # is shifted to the right and
the member 2€3 (and the revolutions counter ac-
tuator 219) coupled thereto moves from the next
to the lowest wheel (denomination) of the revo-
lutions counter to the lowest wheel or dencmina-
tion thereof, that is to its extreme right position,
said member 263 strikes the member 288 and
moves it to the right in Fig. 1, from the position

10

1

a8

55

shown in dash-and-dot-lines back to its full line

position. Upon the automatic shifting of the
actuator, this motion takes place simultaneously
with the motion of the hook lever 249, and con-
sequently the cam slot 258 is necessary to permit
the relative motion of the projection 288 in re-
lation to the hook lever 249. When the lever 247
is swung back again (in the direction opposite
to the arrow B), the hook lever 249 is pivoted by
the cam slot 258, out of engagement with the
projection 257 and consequently the actuator 4
cannot be shifted further to the right.

The angle of rotation of the hook lever 249 is
substantially equal to the angle of rotation of
the shifting plate 250, when the latter is moved
from its right position to its central position
(Fig. '1), and consequently the hook lever 249
is always in engagement with projection 287 of
the shifting plate 250, when the lever 204 is in

85
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its position “a.” A special mechanism for pre-
venting the shifting to the left which then takes
place is not necessary, because in its extreme left
position the carriage of the actuator 4 is stopped
by a stationary stop and consequently cannot be
moved further by the shifting and tabulating
spring tending to draw the carriage {o the left.
Even if left step shifting lever 255 is actuated
again, this has consequently no influence upon
the actuator.

Seiting to plus and minus revolutions

A small pawl 265 (PFigs. 1, 2 and 13) is jour-
nalled on the pin 284 secured to the swinging
lever 247. A tension spring 266 tends to draw
said pawl into the path of a driving lever 257,
swinging {0 and fro but normally the bent part
288 (Pigs. 1 and 2) of said pawl is locked by the
bent portion 289 of & lever 271 fulcrumed on the
right side wall 278 of the machine frame. The
lever 247 alzo has & bent portion 272 to which the
pin 213 is riveied.

A plus minus driving lever 274 (Figs. 1, 2 and
13) is also rotatably Journalled on the shaft 248,
A pawl 218 (Pigs. 1, 2, 9 and 13) is pivoted on
lever 274 by means of a pin 275, A tension spring
2171 (PFig. 9) tends to draw said pawl into the path
of the swinging driving lever 287, but the pawl
is normally locked and kept out of the path of
said lever by means of its bent projection 2718
which engages one edge of the lever 247.

The driving lever 267 actuating the pawls 265
and 218 is rockable on the journal 21§ (Fig. 2)
and has an oblong slot in which the eccentric
281 runs to rock the lever to and from fro. The
shaft 280 of the eccentric is driven through gear
transmission (not shown) by the motor of the
calculating machine and rotates as long as the
motor runs.

The slide 241 carries a pin 282 (Figs. 1, 9 and
13) which enters a slot in the front end of a
lever 283 which is pivoted on the stud 284 secured
to the bottom plate 206. The back end of said
lever is hook-shaped and locks the pawl 215
against the action of its spring 277, when the
lever 201 controlling the slide 241 is in its position
“a” or “b.” The plus-minus-driving lever 274
also-carries a pin 285 (Fig. 9) which enters a slot
288 in the end of a plus-minus-control plate 287,
Figs. 1, 2, 9 and 13. Between the driving lever
274 and the conirol plate 287 a tension spring
288 is arranged which moves the plate 287 in the
direction of the arrow F (Fig. 1), when the lever
274 is rocked backwards, that is counter-clock-
wise in Fig. 1. Said control plate has shoulders
or projections 289 which are moved into engage-
ment with either of the arms 280, 281, accord-
ingly as the control plate is rocked to the left or
to the right, respectively, in Pigs. 1 and 9. The
arms 290 and 281 are integral with the keys | and
2, respectively. The shifting of the control plate
2817 from the right to the left (that is, from minus
to plus), and vice versa, is effected by the pin 292
fixed to the plate 287 which engages a slot in the
bent portion 283 of the minus plus reversal lever
284 (Figs. 1, 2, 6 and 13). The reversal or shift-
ing of this lever 294 is described in detail below.
A common tenslon spring 285 keeps the two levers
247, 274 in their positions of rest, because the
spring presses sald levers against studs 296 and
281, respectively, which are secured to the bottom
plate 206.

On the studs 284 and 298 secured to sald bot-

- tom plate the minus locking member 299 (Figs.

1,89 and 13) is displaceable and said member
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has a slot 388 through which the projection 268 -

of the member 289 passes. A spring 381 is ten-

sioned between the member 289 and the locking

member 298, which at its right end carries two
abutments or projections 302 and 303 forming
stops (Fig. 9). In the position of the minus lock-
ing member 289 shown in the drawings its projec-
tion 382 locks the pawls 218, while its projection
303 engages the bent portion 283 of the reversal
lever 284. When the actuator 4 and coupling
member 263 of the revolutions counter actuator
219 are shifted or tabulated to the left, that is,
towards higher denominations, moving the mem-
ber 259 into its position shown in dash-and-dot-
lines, as described above, also the minus locking
member 299 is moved to the left, because the left
édge of the projection 280 strikes the left end

10

15
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in Fig. 2) and is stopped in such position that
the slide 3i{, in its motion in the direction of
the arrow C, does not act on the locking-down
pawls 304 and 308. '

When the actuator 4 is in its position of rest,
it is held in well-known manner by the catching
arms b7, the pawls 54 and the spring §9, see U. S.
Patent No. 2,127,102. 'The left catching arm 51
has a pin 321 which may act on the shifting im-
pulse lever 322 rockable on thg\ shaft 5. A projec-
tion 323 (Fig. 2) bent off from the impulse lever
322 releases the pawl-304 or 305 from the key
{ or 2, respectively, when the impulse lever 3§22 is
rocked in the.direction of the arrow D. (The lever
322 is thus rocked due to the fact that when the
actuator 4 is stopped by the catching pawl 54,

. this causes the left arm 57 to rock somewhat due

of the slot 388. The displacement thus given to

"the minus locking member 289 is somewhat great-
er than the distance which the reversal lever 294
and its bent portion 293 are moved laterally. Due
to this motion of the minus locking member 299

.the pawl 275 is disengaged from the projection
302 (Fig. 9). This means that said pawl is locked
by the projection 302 only when the member 263
is in its extreme right position and consequently
keeps the member 259 and arm 289 in their ex-
treme right -positions, and when simultaneously
the reversal lever 284 is in its plis position shown
in full lines in the drawings, that is, when the con-
trol plate 287 has been rocked in position to en-
gage the arm 291 of the key 2. When the member
283 is in any other position, the pawl 218 is free
from the projection 302, ’

On the right side wall 218 of the machine (Figs.

. 2 and 10) the power-operated driving mechanism
of the machine is arranged, as shown in U. S.
Patents Nos. 2,068,899 and 2,127,102. This mech-
anism is controlled by the arms 290 and 291 of
the keys | and 2 respectively. ‘'When one of these
keys is depressed, the locking-down member 304 or
305, respectively, belénging thereto enters a cor-
responding notch of the key and locks it in its
depressed position. These locking pawls 304 and
305 are rockable on the pin 308 and each of them
is actuated by its individual tension spring 307.
To the shaft § of the rotor 4 a cam disc 388 is se-
cured on which the roller 308 of a releasing arm
310 runs. This arm is rockably journalled on
the key shaft 35 and carries at its lower end the
small slide 311, a pin 312 secured to the arm 310
passing through the slot 313 of said slide. In addi-
tion, this slide has a slot 3!4 through which
passes the pin 315 which is secured to the side
wall 210, and said slide also has a bent portion
316 which strikes the pin 31T of the locking-down
paw] 304 or 305 and releases said pawl, when the
slide 311 is moved in the direction of the arrow
C. Then the key I or 2 is again restored to its
position of rest by means of its usual spring. The
slide 311 also has a projection 318 (Figs. 2 and
7) -which slides in the curved slot 318 of the

.bent portion 320 of the slide 24i. Figs. 2 and 7
show the position which the slide 241 assumes,
when the control lever 281 is in its position “b.”
From the drawings it is evident that the slide 311
remains in the same position when the slide 241
is moved to the left in ¥ig. 7 as the control lever
201 is shifted to its position “a.” But if said
lever 201 is shifted to its posttion “c” the slide
741 is moved to the right in Fig. 7 and the pro-

- Jection 318 is lifted by the cam slot 318. Then

the slide 311 is rocked on the pin 315 and at its

slot 313 slides on the pin 312. The bent portion

316 of the slide 311 is thus lowered (clockwise
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to the shock.) A tension spring 324 presses the
impulse lever 322 against the pin 321. :

On the right side wall 218 the hooks 271 and 326
are journalled on the pin 325 (Figs. 2, 2a and 2b).
The hook 27{ is drawn upwards by a tension
spring 327 and rests with its striking point 328
against a pin 329 on the impulse lever 322. As
described above, the hook 271 has a bent portion
269 which engages the projection 268 on th%:/i)awl
265 to lock the latter, and it also includes'a cam
330 to be engaged by the pin 213 of the swing lever
241. The hook 326 rests with its lower edge
against the part 269 of the hook 271 and actuates
the pin 332 on the contact lever 33f when the
last-mentioned hook is swung in the direction of
the arrow E, so that said contact lever is rocked
on its stationary shaft 333 and closes the electric
contact 334 for the motor, driving the machine.

On a bracket 335 (Figs. 2 and 6) secured to the
external right sheet metal wall 336 of the machine
(this wall is to the right of the right side wall of
the frame 270; the two walls 2718, 336 enclose the

driving mechanism) the minus-plus-reversal lever

294 is rotatably journalled on the pin 337. As
described above, at its lower end this lever has s
bent portion 293 (Figs. 1 and 2) having a slot in
which the pin 292 of the control plate 287 slides.
At its top end the lever 294 is shaped as a fork
338 (Figs. 2, 6 and 10) to embrace ore of the two
pins 38. This pin 38 is extended forwards and may
(as is explained in detail for the pin 38 in U. S.
Patent No. 2,127,102) assume three different posi-
tions, which in the drawings (Fig. 6) are indicated
by +, 6, and —. When neither of the keys i, 2
is depressed, this pin 38 is disengaged from the
oscillating arm 29. If, however, the multiplication
key 1 is depressed, the arm 29 moves the pin 38
laterally into its 4 position when the actuating
slide 30 (Fig. 20) on the oscillating arm 28 engages -
the slide 87 raised due to the depression of the
key 1. The recess which is made in the lower
edge of the slide 30 to engage that of the slides
36 or 31 which has been raised, is so dimensioned
that when the slide 3T has been raised and pushed
laterally to its extreme left position ( 4 position
of pin 38), as shown in Pig. 20, its left edge is not
actuated by the left edge of the recess 30a, when
the slide 30 is in its extreme right position. In
Fig. 20 the extreme lateral positions of the slide
are shown in full lines and dotted lines, respec-

- tively.

70

75

When thus the pin 38 has been moved to its +
position, said pin presses against the left prong
of the fork 338 so that the reversal lever .294
assumes the position shown in Fig. 6; in this posi-
tion it is latched by the notched arm 338 and the
spring 340 (a wire wound to form a torsion spring)
secured to the side wall a36. When the pin 38
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returns to its position 0 (zero position), that is
when the machine is stopped, the latchirig mech-
anism 339 and 340 keeps the reversal lever 284
in its plus position. But when the division key 2
. is depresed, the pin 38 with the reversal lever 284
is in similar manner moved to its minus position
and the lever 294 is latched there by the latching
members 339, 340. Now, the reversal lever 294
is in its minus position as shown in dotted lines in
Fig. 1, and keeps the control plate 287 pressed
to the left in Fig. 1. If now said plate 287 is dis-
placed in the direction of the arrow P, it also
moves the multiplication key { so that said key
is pulled down automatically into its depressed
position. But if the pin 38 is moved into its 4+
position (Fig. 6) by manual depression of the mul-
tiplication key 1, then it rocks the reversal lever
294 into its -4~ position (shown in full lines in Fig.
1) and when now the control plate 287 is moved
in the direction of the arrow F, the division key 2
is pulled down automatically. To summarize:
if the pin 38 is moved to its 4 position, the divi-
sion key 2 is automatically pulled down but the
multiplication key | is pulled down automatically
when the pin 38 is moved to its — position.

The latching mechanism 33% and 340 must be
so strong that its latching action is not overcome
by the pressure of the spring 301 acting through
the minus locking member 289 (Fig. 1).

Addition and subiraction keys

The plus or addition key 203 and ‘the minus
or subtraction key 204 are rotatably journalled
on the shaft 341 (Figs. 10 and 11). By means
of its tooth 342 the addition key 203 actuates a
lever 344, while by means of its tooth 343 the
subtraction key 204 acts on a lever 345. The
levers 344 and 348 rock on a stationary pin 346
and are pulled upwards by tension springs 347

. and 348, respectively. On these levers hooks 349
and 350, respectively, are rockably journalled.
A pin 381 secured to the bottom plate 208 passes
through slots in sald hooks so that at the motion
of the levers 344 and 345 the hooks are rocked
on their pins 352 and 333, respectively (see Pigs.
1lla and 116). The levers 344 and 345 have elon-
gated slots through which the pin 851 passes to
permit rocking of the lever. A projection 354
of the lever 344 acts on the multiplication key {;
and the lever 345 has a projection 368 which acts
on the division key 2. Also the lever 344 has a
part 356 which actuates the hook 8%8 (Figs, 10,
11, 1la, 11b); and in similar manner the Jever
345 has a part 357 which actuates the hook 358.
The keys | and 2 are kept in their depressed po-
sition by the locking-down pawls 304, 305 which
are releasable by the slide 311 of the release arm
310 (Fig. 2) or by the impulse lever 322, accord-
ing to the position of the control lever 20f. The
keys 1—2 carry the small pawls 360 and 361, re-
spectively (Fig. 10), which are pressed by springs
362 ag?.inst pins or projections on the keys.

The keys |—2 act on the slides 363-—364, re-

- spectively (Fig. 10), which are rockably and dis-
placeably attached to the stationary bracket 3685.
Tensjon springs 366 act on said slides, which
have bent projections 887—368, respectively,
and on these projections hooks 369370, respec-
tively, are rockably journalled. Tension springs
371—372, respectively, act on these hooks and the
latter engage the slides 36 and 31, respectively
(Figs. 2, 6 and 10). These slides and their mode
of operation is described in detail in U. S. Patent

No. 2,127,102, They are pulled downwards by
tension springs 42. )
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The release arm 310 has a slot engaged by a
pin 3713 (Pig. 10). ‘This pin is mounted on the
lever 318 rockable on the stationary pin 374 and
the lever 315 also has a projection 378. When
the lever 318 iz rocked, the projection 316 enters
the slot 377 of the hook 358. When this hook is
pressed down by either of the keys 203 or 204
(Figs. 10, 11, 11a and 11b), the projection 316
(Fig. 10) engages the projection 378 of the hook
358 so that the hook 358 is pushed backwards
(to the right in Flg. 10; see arrow H) when the
lever 378 is rocked. Omn a pin 378 secured to
the slide 380, the hook 358 is journalled, and
a spring 381 is tensioned between the hook 358
and the slide 380, Said slide is displaceable on
the statlonary pins 382 and carries a pin 383
which actuates the impulse lever 322 (Figs. 2
and 10) when the slide is moved in the direc-
tion of the arrow H (that is backwards) so that
the hooks or locking-down pawls 304 and 305
are rocked to thelir release position. In addition,
the slide 380 carries a pin 384 (Fig. 10) which
releases the two hooks 369 and 370 as the slide
moves backwards.

The gear wheel 385 (Figs. 10 and 12) is per-
manently connected with the motor shaft by
means of a transmission and consequently is ro-
tated, when the motor runs. The hub of the
wheel 385 has a slot 388 to be engaged by the
flange 387 of the gear wheel 388, when the two
wheels are to be coupled to each other. Said
wheel 388 has a coupling cam 389 with an
oblique face 380. A compression spring 391
presses the wheel 388 with its cam 389 against a
coupling arm 392, Figs, 10 and 12, which nor-
mally holds the flange 387 disconnected from
the slot 388. Said arm is rockable on the sta-
tionary pin 393. The wheel 383 permanently
meshes with the gear wheel 394 (Fig. 10) on the
shaft 74, and on the same shaft a clearing cam
is secured (see cam 717 in U. 8. Patent No.
2,068,899). In itsinnermost or back position the
slide 880 is locked by a pawl 395 having a ten-
sion spring 396. During the clearing operations
this pawl is released by the pin 397 on the wheel
394 which strikes a surface or projection on the
pawl,

To the coupling arm 392 (Fig. 10) one end
of a link 398 is articulately connected by means
of the pin 399. The other end of said link is
articulately connected to the arm 400 by means
of the pin 48f. Said arm is rockable on the
stationary pin 402 and carries a projection 403
which can enter a slot 404 of the disc 405 se-
cured to the actuator shaft 5. The arm #00 may
be rocked by manipulation of a clearing key 406.
Obviously, this key can only be depressed when.
the actuator 4 is in its position of rest (stopping'.
position), because only in this position can the
projection 403 enter the slot 404.

The coupling arm 392 carries a pin 407 (Fig.
10> which is urged by a tension spring 408
against a projecting stop 408 formed on lever
380. This spring is tensioned between the link
398 and the slide-380.

" A second tension spring 410 between a sta-
tionary pin and the slide 380 serves to restore
the clearing means 406; 398; 380; and 392 to .
their position of rest. During the whole clear-
ing operation the electric contact 334 of the
motor is kept closed by the bell crank lever 4ili
fulecrumed on the shaft 333. A pin 412 secured

- to the.slide 380 enters a slot of the lever #i{:

when the slide 380 is displaced backwards, that
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" is, to the right in Plg. 10, sald slide via pin a2
rocks sald lever 41§ to close the contact 334.

Positions of the conirol lever and of the
.disconnecting lever

As mentioned above, the chief control lever 201

may assume three positions “a,” “b” and “c”
(Figs. 1, 11 and 13) for which the followmg sym-
bolic marks are placed on the casing:

a) X b X and ¢) -

B —
The disconnecting lever 202 may be set to two
positions, as shown in Fig. 1, namely: the right
position = and the left position }. These levers
281, 282 control, among other operations, the

automatic shifting of the actuator 4 in the fol--

lowing manner:
I Lever 281 in position “a” and disconnectlng

lever 202 in its left or right position: For oper-.

ations of multiplication by means of the key
the actuator is always shifted one step to the
left, each time the operator takes his finger off
the multiplication key, after the necessary num-
ber of revolutions of the actuator 4 have been
made in the denomination (of the multiplier)
concerned. After this automatic shifting the
operator again depresses the key { for contin-
uing the multiplication in the next higher de-
nomination of the multiplier, etc.

II. Lever 28i in its position “b” and discon-
necting lever 202 in its right hand position: When
the operator takes his finger off the multiplica-
tion key after the necessary number of revolu-
tions of the actuator 4 in the denomination (of
the multiplier) concerned, the actuator is auto-
matically shifted one step to the right. Then the
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operator again depresses the key { for continuing -

- the multiplication in the next lower denomina-
tion of the multiplier, etc.

III. Lever 201 in its position “b,” disconnecting
lever 202 in its left position: When the operator
takes his finger off the multiplication key, the
actuator is not shifted automatically (but it may
be shifted manually by means of the keys 191,
189).

IV. Lever 281 in its position “¢” and lever 202
‘in its left or right position: The operator de-
presses the division key, then immediately re-
leases it, and the actuator carries out automatic
revolutions in the minus direction (that is clock-
wise in Fig. 2), followed by revolutions in the plus
direction (counter-clockwise in Fig. 2) etc.: and
after the correct number of revolutions in the
direction concerned in one denomination of the
divisor the actuator is automatically shifted one
step to the right.

These operations are described in. deta.ll below.

When the plus key 208 or minus key 204 is
depressed, no automatic shifting of the actuator
is effected. The mechanism for preventing auto-
matic shifting is shown in Fig. 19, When in an
adding (or subtracting) operation the slide 380 is
pressed backwards (in the direction of the arrow
H), as mentioned above, it rocks the lever #i1
clockwise and the projection &t1a of said lever
then engages the bent portion 269 of the lever
271 from above. This causes the lever 27( to be
depressed somewhat and to be locked in its de-
pressed position. When the actuator 4 is arrested
in full-cycle position, the impulse lever 322 re-
ceives an impulse and the pin 329 releases the
lever 211. But said lever is locked, as just men-
tioned, and no shifting is effected. Because said
lever 2T{ is locked in a somewhat depressed
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podtion. the impulse lever 322 can swing back to
its position of rest.  After each revolution the
actuator 4 is cleared automatically, that is, the
machine works as an adding machine with direct
subtraction, independent of the positions of the
levers 201, 292,

Mobx OF OPERATION

For the different calculations the machine is
operated as follows:

Addition

After an item has been set in the actuator by
means of the amount or item keys 200, the addi-
tion key 283 is depressed, and its motion is trans-
ferred to the multiplication key { through the link
344 (Fig. 11a) so that this key is also pressed down
and becomes locked by its locking-down pawl 304
(Fig. 10). The pawl 360 is below the bent por-
tion of the pawl 304 and is rocked so that its
spring is tensioned. When the link 344 is rocked
downwards by the key 203, the small hook 349
pivots in a clockwise direction by virtue of its en-
gagement with stationary pin 35f so that the ver-
tical arm of hook 348 is below the multiplication
key . Thus, the key 203 cannot be restored, as
long as the multiplication key [ remains de-
pressed, because this key locks the link 344 by
means of the hook 348. When the key 2083 is de-
pressed, it also depresses the hook 358 which then
can be engaged by the projection 3716. When said
key is depressed, it also lifts the slide 37 and the
machine begins in well-known manner (U, S.
Patent No. 2,127,102) a revolution in the plus di-
rection, that is counter-clockwise in Fig. 10 so
that the amount set in the actuator is entered into
the accumulator or results register.

During this revolution the release arm 310 is
rocked by the cam disc 308 acting on the roller
308 and through the pin 313 rocks the lever 315,
whose projection 3716 pushes the hook 358 and
the slide 388 backwards, that is in the direction
of the arrow H in Fig. 10. In its back position
this slide is locked by the hook 385. When the
arm 318 is rocked it moves the slide 311 in the di-
rection of the arrow C to release the locking-down
pawl 384 to release the key 203 which is restored
to its position of rest by its spring. Even if the
operator keeps this key pressed down, the pawl
304 cannot again lock the key, when the arm 310 .
is restored, because when the paw! 304 is released
by the arm 318, the pawl 360 simultaneously is .
released and swings upwards, that is counter- .
clockwise in Fig. 10, and thus prevents the pawl
304 from locking the keys { and 203. 'The mecha.-
nism works as described only if control lever 201 is
in its position “a” or “b.” But if the lever 201 is in
its position *“‘¢” for division so that the slide 311 is
disabled, the pawl 304 is released through the
impulse lever 322 which is actuated through the
pin 383 on the slide 380, when the latter is moved
due to.the depression of the key 203. The motion
of the slide 388 also releases the hooks 369 and 310
so that the slide 37 is pulled downwards by the
spring 42, This slide now stops the machine after
one single rotation of the actuator. The slides
36, 37 each carry one projection (003 (Fig. 21)
which releases the latches 45, 46 from the guide
member 39, when the slide 36 or 37 is moved down-
wards by its spring 42. Consequently, the guide
member 39 is restored to its central position and
the machine stops, as described in detail in U, S.
Patent No. 2,127,102, (See detalls 39, 45, 46 in
that patent.) When the actuator has been ar- -
rested in its full-cycle position and the arms 310
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and 315 swing back, the hook 388 is released and
is pulled upwards into its position of rest by the
spring 38{. When displaced backwards the slide
380 tensions the spring 408, but the coupling arm
392 is kept locked by the disc 405 through the
members 403; 400 and 398 and thus cannot be
moved by said spring. When the rotation of the
actuator has been stopped, the projection 403 en-
ters the slot 404 of the disc 405 and the spring 408
pulls the link 388 backwards, that is, in the direc-.
tion of the arrow H of Fig. 10. This motion of the
link rocks the coupling arm 392 counterclockwise
to release the coupling gear 388. The spring 391
now couples this gear with the power-driven gear
385 and due to this the actuator is now cleared
in well-known manner (see U, S. Patent No.
2,068,899). Shortly before the end of the clearing
operation, that is when the wheel 394 has rotated
almost 360°, the pawl 395 is released by the pin
397 and the initiating members 380; 388; 392 for
the clearing are now restored by the spring 410 to
their position of rest. Thus the lever 392 is moved
into the path of the obligue surface 380 of the
cam 389 and during its continued rotation. the
gear 388 disconnects itself from the gear 385, and
the clearing action is now finished.

During the whole clearing action the slide 380
keeps the motor contact 334 closed by means of
the pin 412 and the levers 4{1 and 331.

Subtraction

When the subtraction key 204 is depressed,
after an item has been set in the actuator, an
operation of subtraction is effected in & manner
quite analogous to that described above under
the heading “Addition”; the only difference is
that the actuator-4 rotates in the minus direc-
tion, as a result of the slide 38 being ralsed by
the key 204 (whereas the addition key 203 raises
the slide 37).

As was mentioned above, the operations of ad-
dition and subtraction are quite independent of
the setting of.the levers 201, 202.

Multiplication

For multiplication an item (multiplicand) is
entered into the actuator 4 and the chief lever
201 is set to its position “a” or “b,” while the dis-
connecting lever 202 may be set in its left or right
position. The setting of the lever 202 determines
the position of the shifting plate 250, when lever
201 is in its position “b.” ,

If the knob 234 (Figs. 3 and 4) was not sepa-
rately set by hand, the revolutions counter actu-
ator 219 (Fig. 5) Is set to rotate in the same direc-

tion as the actuator 4. In other words, for mul-

tiplication the revolutions counter actuator 219
_ always rotates in the same direction as the actu-
ator 4, even though said actuator 4§ can be caused
to rotate in the negative direction by depression
of the key 2. Also the stop impulse lever {02 for
division (Figs. 3, 4) is disabled, because it is out

of the path of the arm 237, when the latter is .

actuated by the tens transfer lever 100 of the high-
est denomination, The pawl 215 is locked by the
arm 283 (Figs. 1, 9) and the small slide 311 is in
its operative position shown in Fig. 2. Elither
of the keys { or 2 is now depressed to initiate posi-
tive or negative operation, respectively and the
actuator begins to rotate correspondingly. The
slide 3¢t moves the locking down pawls 304 and
305 to their inoperative position so that the de-
pressed key | or 2 is restored to its position of rest,
as soon as the operator releases it. When the key
is restored, the motor contact 334 is opened and
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the actuator 4 is stopped in well-known manner,
for instance, as described in U, S. Patent No.
2,127,102; either of the catching pawis 54 then
stops the actuator (see also description under the
heading ““Addition” above). At a minus revolu-
tion (clockwise in Fig. 2), the actuator is caught
by the right catching arm 54 and 57, but bounces
back against the left catching arm 54 and 51
which is rocked thereby. This causes the pin
321 to rock the shifting impulse lever 322 so that
this arm receives a shifting impulse. If the ac-
tuator 4 rotates in the plus direction, that is,
counter-clockwise in PFig., 2, the actuator 4 is
caught directly by the left caiching arm 54 and
57 so that also in this case the lever 322 receives a
shifting impulse through the pin 32f. Said lever
322 moves the pin 329 away from the tip 328 of
the hook 271 which is then pulled upwards by
its spring 327 and releases the pawl 265 which
is mounted on the end of lever 241, The spring
266 now rocks this pawl into the path of the
swinging driving lever 267. The right end (Pigs.
1 and 9) of the lever 247 is then rocked forwards,
that is clockwise. If member 249 has not been
set to its inoperative position (by the U-shaped
member 259 at the last shifting step to the right),
this motion is transmitted through the member
249 to the member 250 which will act upon either
or none of the step shifting levers 254 and 255,
according to the position to which the shifting
plate 250 was set. According to the setting of said
plate the actuator 4 is shifted one step to the left
or to the right or is not shifted at all.

As mentioned above, the shifting plate 280 is
set to engage the right step shifting lever 28B4,
when the lever 261 is in its position “b” and simul-
taneously the disconnecting lever 202 is in its
right position (=), as shown in Fig. 1 in full lines.
On the contrary, the actuator & is shifted to the
left, when the shifting plate 250 has been set to
engage the left shifting lever 285 due to the fact
that the lever 201 is in its position “a.” (To what
position the lever 202 is set is of no importance in
this last-mentioned case.) If the chief lever 201
is in its position “b” and simultaneously its dis-
connecting lever is set in its left position (] ), the
shifting plate 250 cannot actuate either of the
step tabulating levers 254 or 255, and in such case
the actuator is not automatically shifted, -

It is to be observed that the hook 326 follows the
hook 271, when the latter is drawn upwards by
the spring 327, after the lever 322 has received a
shifting impulse. Then the hook 326 closes the
contacts 334 so that the latter remain closed
during the whole step shifting action, When the
lever 247 is moved forwards, that is clockwise in
Fig. 1, the pin 213 acts on the cam 330 (Pig. 2) of
the hook 27f and presses it down to release the
impulse lever 322. Thus, the hook 27{ returns
to its position of rest and is locked again.

‘When the actuator is shifted to the left to its
end position as described above, further shifting
to the left is checked by a stationary stop, say, by
the wall 217 after the last shifting step. When
the actuator is shifted to its end position at the
right, the revolutions counter actuator 219 acts
on the U-shaped member 2569 at the last shifting
step, so that the hook lever 249 is disabled and
further shifting to the right is prevented.

Because the revolutions counter actuator 219
rotates in the same direction as the actuator 4
(on the condition that the knob 234 has not been
set by hand) and the impulse lever 231 (Figs. 3
and 4) is inoperative. short-cut multiplication
may always be used, that is, the multiplication



2 898,988

may be carried out by a minimum of revolutions.
Thus, the numbers “9” may appear in the highest
denominations of the revolutions counter when
the machine is manipulated by means of the key
2, and the machine is not stopped automatically
when the capacity of the product (in the accumu-
lator L) is exceeded.

Ordinary division with unlike rotation of actuator
and revolutions counter actuator. i

For automatic division the control lever 281 is
set to its position “c.” This sets the elements as
follows:

1. The stop impulse lever 231 is set to operative
position (Fig. 3).

2. The shaft 218 (Fig, 5) is moved into its posi—
tion of division or minus position, so that it will
rotate in the opposite direction to the actuator..

3. The shifting plate 250 (Fig. 1) is rocked to

“the right by spring 253, independently of the po-
sition of the disconnecting lever 202. ‘The plate
250 is consequently set to engage the right step
shifting lever 254,

4. The lever 283 (Fig. 9) is rocked counter-'

clockwise and no longer locks the pawl 215 on the
lever 274, i

5. The slide 31t (Fig. 2) is shifted so that it no
longer acts on the pawls 304 and 305 (Fig. 10).

Now the dividend is set in the actuator § by
means of the amount keys 200 and the key 198 is
depressed so that the actuator is tabulated to its
extreme left position (see U. S. Patent 2,243,075).
The plus key 203 is now depressed by hand and
this causes the dividend to be introduced into the
accumulator and the actuator is automatically
_ cleared, as described above. The revolutions
counter is cleared by hand (see, for instance, U. 8.
Patent 2,188,748). Now the operator sets the
divisor in the actuator by means of the keys 200,
depresses the division tabulating key 198 to move
the actuator to its extreme left position and ini-
tiates the automatic division by depressing the
division key 2.

The tabulation of the actuator 4 to the left due
to the manipulation of the key {98 moves the
U-shaped member 259 (Figs. 1, 8 and 13) and the
minus locking member 299 to the left, and the
hook lever 249 is set to engage the projection 257.
As mentioned above, the pawl 215 is now locked
exclusively by the lever 247.

The manipulation of the division key 2 starts
the motor and the pin 38 is moved to its — posi-
" tion (Fig. 6) and it moves the lever 294 so that the
control plate 281 engages the multiplication key
i (Figs. 1and 2). When the motor runs, the driv-
ing lever 287 receives a swinging motion to and
fro, Because the key 2 was depressed, the ma-
chine subtracts the divisor from the dividend, un-
til over-draft occurs, that is, the capacity of the
accumulator is exceeded; this rocks the tens
transfer hook 108 (Figs. 3 and 4) of the highest
denomination upwards and this motion is trans-
ferred as a stopping impuilse through the mem-
bers 237 and 102 and causes the actuator.to stop
in the following manner: When the lever 102 is
thus swung in the direction of the arrow S (Fig.
21) it rocks counter-clockwise a stopping lever
1000 which is journalled on a stationary pin 1001,

The pin 1002 on this stopping lever then releases

the hook 369 or 370 so that the slide 36 or 37 is
drawn downwards by its spring 42. Then the pro-
jection 1003 of the slide releases the latch 45 or
46 from the guide member 39, which is then re-
stored to its central position (position of rest), so
that the actuator is stopped, as described in de-
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D
tailin U, 8, Patent No. 2,127,102. In minus oper-

ations the ac*uator 4 rotates clockwise in Fig. 2
and iIs consequently stopped by the right catch-
ing pawl 54 and the right catching arm 51. How-
ever it bounces back and strikes the left catching
pawl 54 and the left catching arm §1 which is thus
rocked. This causes the pin 321 to move the im-
pulse lever 322 so that said lever receives a shift-
ing impulse and its projection 323 releases the
pawl 305; thus the division key 2 is released, re-
turns to its position of rest and would open the
motor contacts 334. But when the lever 322 is
rocked, the pin 329 slides off from the projection
1328 of the hook 211, which is thus liberated and
drawn upwards by its spring 821. The hook 326
follows the hook 271 and would close the contacts
334 again. As a matter of fact the contacts are

" never opened, because the closing action is effect-

20

ed simultaneously with the opening action ef-
fected by the release of the key 2. When the
hook 211 swings upwards, the pawl 265 is released
and rocked by the spring 266 into the path of the
swinging driving lever 261. The right end (Fig. 1)

" of the lever 247 to which the pawl 265 is pivoted is

then rocked forwards, that is, clockwise, and this

. motion is transferred through the members 248
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and 250 to the right step shifting lever 254 so that
the actuator 4 is shifted one step to the right to
the next lower denomination. When the lever
241 moves forwards, that is, clockwise, the pin 213
acts on the curve 330 of the hook 211 and presses
it down to release the impulse lever 322, Thus,
the hook 271 returns to its position of rest and
is locked there again. The contacts 334 remain
closed during the whole motion of the lever 241,
due to the cam 326a (Figs. 2, 2b) of the hook 326,
which rests upon the pin 213. During said clock-
wise motion of the lever 247 the pawl 215.is free
to pivot in a counterclockwise direction and is
hence drawn by the spring 217 into the path of
the driving lever 261, At the backward or coun-
ter-clockwise motion of this lever 267 the arm 214
is rocked backwards in Fig. 1 and pulls down the
key | by means of the control plate 287 (Figs. 1
and 9). When the driving lever 267 is moved
backwards, as just mentioned, it moves the lever
241 into its position of rest by means of the projec-
tion 2471a thereof. The pawl 265 is then rendered
inoperative due to the fact that the projection 269
of the hook 211 now in its position of rest acts
on the projection 268 (Fig. 1). When later the
driving lever 267 again is moved forwards, it rocks
the lever 274 (Figs. 9 and 13) back again through
its projection 274a. The projection 218 of the
pawl 215 strikes the lever 241 and said pawl is
released from the lever 261. The tabulating
mechanism is now again in its position of rest, but
the multiplication key | has been pulled down.
Thus, the forward motion of the driving lever
2671 effects a shifting of the actuator, while the
backward motion of said lever pulls down the key
I. Because the operations are thus distributed,
the load on the driving mechanism is reduced.
As was mentioned above the multiplication key
t is now pulled down and thus the machine starts
for plus revolutions, that is counter-clockwise in
Fig. 2. The pin 38 (Fig, 6) is moved to its plus
position and via the lever 294 it sets the control
plate 281 to engage the key 2. The plus revolu-
tions of the actuator 4 are continued, until the
number “9” in the highest denomination of the
accumulator is changed to “0,” that is, the over-
draft is cancelled (over-addition). This rocks.
the tens transfer hook {80 upwards and causes
the machine to stop (just as described above for
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the minus revolution). The actuator 4 is now
checked by the left catching pawl 54 and the left
catching arm 67, the shifting impulse lever 322 is
rocked and the operation of actuator shifting is
repeated again, as described above for the minus
revolution, Thereupon also the division key 2
is pulled down. Thus, the division is continued
with alternate minus revolutions and plus reve-
lutions and the actuator is shifted one step when
the direction of rotation is changed, until the rev-
olutions counter actuator 219 reached the lowest
but one denomination of the revolutions counter
N. If the calculation began af an even denomi-
nation of the revolutions counter, say in the
eighth denomination (which may be its highest
denomination) the calculaling operation Is ef-
fected in accordance with the following scheme:

Denomination
of revolutions

counter .. 8 7T 8 5 4 3 2 1
Direction of ro-
tation of ac-
tustor ... - 4+ - - 4+ =

‘When the actuator £ and the revoluitions coun-
. ter actuator 219 are shifted $o the lowest dex
nation, the revolutions counter actustor 219
its carrier 283 move the U-sheped member 28
the right in Fig. 1, se that the heok lev 9 is dis~
connected from the vprojection 287 and conse-
quently no further shifting to the rizhi can be
effected, The spring 381 tends to d
locking member 289 to the right In Fig. 1, but the
latter is locked by the part 293 which Is in iis
minus position, shown in dotted lnes in Fig, L.
The key | is automatically pulled down and the
calculation begins im Ghe lowermost denomina-
tion of the revolutions counter, the srm 288 and
283 being set to the plus position, when the key
i is pulled down. This releases the member 23§
which is drawn to the right in Plg. 1 by the spring
304 and stops in its position shown in Fig. 1.
When after the necessery number of revolutions
of the actuator 4 the lever 322 receives o stopping
impulse, which is transferred as s shifting impulse
to the lever 247, in the manner described above,
said lever 247 makes a siroke (s rocked). But
now the hook 249 is disconnected irom the pro-
jection 257 so that the actuator 4 is not shifted,
and, in addition, minus locking member 299 locks
the pawl 275 and consequently the key 2 is not
pulled down, The machine has now been stopped
and the revolutions counter shows the guotient.
The division has been compietely carried out also
in the extreme right or lowest denomination of the
vevolutions counter, and a positive remainder (or
possibly no remainder) appears in the accumu-
lator. :

However, the division may also begin at an odd
denomination of the revolutions counter, say in
accordance with the following scheme: )

Denomina-

tion of

revolu-

tions

counter . 8 7 6 5 4. 3 2 1
Direction

of rota-

tion of

actuator

o+ + + +

The calculating operation is effected as de-
scribed above until the moment in which the revo-
lutions counter actuator 219 arrives at the low-

the minus .
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est but one denomination of the revolutions ¢coun-
ter. As is evident from the scheme above, in this
denomination the actuator 4 makes one or more
+ revolutions and the arm 294 is in its position
shown in Fig. 6. When thereafter the revolu-
tions counter actuator 219 and the actuator 4
are shifted to the lowest denomination, the U-
shaped member 259 is moved to the right in Fig.
1, and also moves the member 299 in the same
direction through the spring 301. However, the
mechanism is so constructed that at the motion
of the lever 247 the pawl 275 snaps in, before the
member 2989 has reached its locking extreme right
position. Thus, sald member engages the pro-
jection 218 of the pawl 278 and consequently the
key 2 is pulled down hy the lever 267 by means of
the control plate 287. This causes the projection
218 to slide off the edge 293¢ of the member 299,
which then moves into its locking position. Im-

‘mediately at the start of the machine (for the

minus revolution initiated by the key 2 pulled
down) the arm 294 is pressed into its minus posi-
tion shown in dotted lines in Plg. 1 and presses
the member 289 back again by means of the pro-
jection 388 against the tension of the spring 381
so that said member no longer locks the pawl 275.

"The contro! plate 287 is rocked io engage the

multiplication key .

VWhen so many reveluticns have been made in
the minus direction that the capacity of the ac-
cumulator is excesded and an overdraft occurs,
the highest denominsation of the accumulator
moves from “0” to “8,” the machine is stopped
as described above, and a step shifting impulse is
initiated. This causes the lever 247 to be rocked
again, but the hook lever 248 is inoperative and
conseguently the actuator 4 is not shifted. But
the key [ is pulled down by the control plate 287,
because the pawl 275 is free. Thus, the actua-
tor & is started in the pius direction, the reversal
lever 284 is reversed (to its plus position) and
the member 289 js allowed to enter its locking po-
sition. The actuator makes one plus revolution
so that the numbers “9” in the highest denomi-
nations of the accumulator are moved to “0” and
thus the over-draft is cancelled. Now the ma-
chine is stopped and thus g step shifting im-
pulse is initiated, but it has no effect and the
keys | and 2 are not further pulled down auto-
matically. The division is completed; the quo-
tient has been calculated down to the lowermost
denomination of the revolutions counter and the
remainder is positive (or zero).

In ¥ig. 11lc there is shown a pawl 500 which in
ordinary manner prevents more than one key
from being pressed down simultaneously. This
pawl is journalled on a pin 502 secured to a part
501 of the machine frame.

The division may also be stopped by depress-
ing the lever 3%8 (Fig. 10) by hand. For this
purpose said lever should be extended outwards
through a slot in the machine casing. When said
lever 358 is pressed down, the actuator 4 is cleared
and this stops the machine in the manner de-
scribed in U. S. Patent 2,068,899.

Positive division with like rotation of actuator
and revolutions counter acltuator

The control lever 201 is moved into its position
“c” for division. Then the knob 234 is moved
downwards and forwards by hand in the direction
of the + arrow in Pig. 3. and this sets the revolu-
tions counter actuator 219 to rotate in the same
direction as the -actuator 4. By means of the
amount keys 200, the dividend is now entered in
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~ the actuator 4, which is tabulated to itg extreme
left position by the manipulation of the key 198.
Now the subtraction key 284 is depressed by the
operator. Because this opération is effected by
means of a minus revolution, it is not the divi-
dend itself but its complementary value that ap-
pears ig accumulator. (In other words, the divi-
dend is subtracted from an item consisting of a
one (unit) of a denomination just to left of (just

higher than) the highest denomination of the ac-

cumulator. followed by zeros in all denominations
of the accumulator; if the results register has,
say, thirteen denominations, said item is 10,000,-
- 000,000,000 from which the dividend is subtract-
ed. The unit in the fourteenth denomination
which does not exist in the machine but is only
imagined is called the “external imagined one”).
Now in one or more denominations of the revolu-
tions counter the number “9” appears, which is

cleared by hand. Then the divisor is entered in-

the actuator 4, the key 198 is depressed to tab-
ulate the actuator to its extreme left position,
whereupon the automatic division is initiated,
when the operator depresses the muliiplication
key I. This automatic givision is now effected
as described above under the heading “Division”
and the machine is finally stopped, but it is to
be observed that the division is so to speak re-
versed and begins in the plus direction (scheme
+ — 4 — 4, etc.). Thus, when the operator
depresses the multiplication key i, as just men-
tioned, the division first begins with a number
of ‘plus revolutions until the “external imagined
one” (that is, the item 10,000,000,000,000) is
reached or exceeded, whereupon the stopping im-
pulse thus released causes the actuator to be
shifted one step to the right, and in this denomi-
nation the calculation continues due to the fact
that the key 2 for division is pulled down to
cancel the “overmultiplication” or positive over-
draft, as said exceeding of the external imagined

one may also be called, and the calculation is-

similarly continued in the various denominations
of the revolutions counter.

The positive or plus-division is especially use-
ful for automatically calculating problems of
fractional equations or of calculating proportions
or ratios that is problems in accordance with the

formula

%Xc=y
such as interest problems, multiplication by vul-
gar fractions, etc. After the item “a” has been
entered into the highest denominations of the
accumulator as complementary value by means
of the subtraction key 204, the item “b” is entered
in the highest denominations of the actuator 4
. (to the extreme left of it) and a number of ze-
ros are then entered and finally the item “c” is
entered as multiplicand into the lowest denomi-
nations of the actuator 4. Thus, in the actuator
4 now appears the item “b,”” after it a number of
zeros and then the multiplicand “c” to the ex-
treme right. Now the key 198 is depressed to
move the actuator 4 directly to its extreme left
position and the calculation is automatically
started by depressing the multiplication key i.
The calculating operations are carried out auto-
matically, until the lowest (extreme right) de-
nomination of the revolutions counter has been
reached. Now the revolutions counter shows the
multiplier calculated by means of the positive or
plus division, while the accumulator to the right

shows the item “y,” that is the result of the cal-.
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culatlon, and to the left above the divisor “b” the

. remainder, if any, appears in the accumulator.

Full-automatic multiplication may be effected
in accord_a.nce with the formula

a ——
‘iXb—y

Control lever 201 is in its “c”-position while knob

234 is In its 4+ position. The multiplier “a” is
entered into the actuator 4 by means of the keys
200, the key 198 is depressed to tabulate the
actuator 4 to its extreme left position and the:
subtraction key 204 is depressed to enter the com-
plementary value of the multiplier in the accu-
mulator. In the actuator 4 now the item “1” -
(unit denominator) is entered in the highest de- -
nemination thereof (extreme left pin wheel of the
actuator) and thereafter a number of zeros are
entered in the actuator and then the muilti-
plicand “b” is entered in the lowest denomi-
nations thereof (that is at the right end of the
actuator). Now the actuator is tabulated to its
extreme left position by means of the key 198
and the multiplication key { is depressed. The
machine now effects a full-automatic multiplica-
tion due to the fact that first so many plus-
revolutions are effected in the highest denomi-
nation that the ‘“external imagined one” is
reached or exceeded that is, the plus-revolutions
are continued until over-addition (positive over-
draft) occurs. This causes a shifting impulse as
described above and the actuator is shifted one
step to the right and the calculating operations
are continued, because the division key has been
pulled down. When so many minus revolutions
have heen carried out that the item in the accu-
mulator falls below the imagined external one
(that is, over-subtraction or negative overdraft
accurs) and consequently a complementary item
appears in the accumulator, a shifting impulse
is caused, etc., etc., until the multiplier “a” set
from the beginning has been worked off to zero.
PFinally the product “y¥” appears in the accumu-
lator and the revolutions counter shows the mul- |
tiplier “a.”  In the actuator 4 stands to the right
the multiplicand “b” ang to the left the unit
denominator, as before.

For calculating the reciprocal value of an item
“a,” heretofore division was effected in accord-
ance with the formula

=1
y=7

the unit item “1” being entered as dividend to
the extreme left of the accumulator (highest de-
nomination) while the divisor “a” is then entered
into the actuator 4 and division is carried out in
the ordinary manner. But if the machine is set
to plus division as mentioned above, the recip-
rocal value “y¥” of the item “a” may be calculated
automatically in accordance with the formulae
axXy=1. For this purpose, the item “a” is set as
divisor in the actuator, the key 198 is depressed
to tabulate the actuator to its extreme left posi-
tion and the automatic calculation is Initiated,
when the operator depresses the multiplication
key I. Then first plus revolutions are effected
as described above, until over-draft occurs and

the imagined external one is exceeded, then the - -

actuator is automatically shifted one step to the -
right and in the next denomination minus revo-
lutions are effected to cancel the over-draft, as
described above. Then the next shifting impulse
is caused, etc., etec., until the machine is stopped,
when the revolutions in the lowest denomination
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of the revolutions counter have been completed.
The accumulator then shows zero, if the divisor
is an aliquot part of the dividend (that is, if
dividend is divisible by divisor without any re-
mainder), because evidently the accumulator
cannot show the imagined external one. But if
the reciprocal is not an aliquot part, the lowest
denominations of the accumulator show the re-
mainder. In the revolutions counter appears the
reciprocal value “y” of the divisor “a.” .

It may be mentioned here that the machine
can also calculate reciprocals by automatic divi-
sion in another manner, viz., without the neces-
sity of first entering the dividend “1” into the
highest denomination of the accumulator; and
this is effected as follows: ‘

The control lever 201 is set to its position “¢”
for ordinary division, the divisor “a” is set in the
achuator 4 by means of the keys 200 snd the
tabwlating key 198 Is depressed by the operator
to tabulate the actuator # to its extreme left
position. Now the operaior depresses the division
key 2 and keeps it depressed by his finger until
after the machine is stopped, after the actuator
4 has made one minus revolution and has been
autometically shified one step to the right as
lescribed above. The operaior now releases the
key 2 and cancels the shifting step by depress-
ing the left step shifting key 19%, whereupon he
again starts the mechine by depressing the divi-
sion ey 2 again. Now the division is completed
automatically and after the calculating operation
in the lowest denomination of the resuits counter
has been completed, the machine stops.

Pig. 16 shows a modified embodiment having 3

no separate subtraction key. In this embodiment
operations of addition ave effected in the same
manner as in that deseribed above in conneciion
with Iigs, 1-15. Xor efecting a direct subtrac-
tion, the division key 2 is depressed, after the
operator has set the hcok 388 to iis lowermos}
positicn. For rendering it possible to set this
hook by hand, it has an extension 358z preject-
ing through a slot in the casing of the machine.
In addition, the hoock also has a locking tooth
443 cooperating with o pin 4{&4 on the slide 380.
When the operator presses the hook 258 down-
wards into its lowermost position, its locking
tooth 4i3 engages the pin 412 and the hook 358
is displaced to the left in the direction opposite
to that of the arrow H, while the pin 3719 of
the hook 358 slides in the slot 415 of the slide
380. The spring 381 tends to draw the hook 358
in the direction of the arrow H and also upwards
to engage the pin 4i4, The mechanism is so
constructed that the hook 358 when it is depressed
by the lever 344 (as described above in connec-
tion with Figs. 1-15), only moves so far down-
wards that the tooth 413 is still above the pin 414.
In the same manner as in the embodiment shown
in Figs. 1~15, the hook 358 in Fig. 16 is restored
by the spring 381 to its position of rest in clear-
‘ing operations. :

But if operator presses the hook 358 manually
so far downwards that it is locked in its depressed
position by the tooth 413 and the pin 414, it re-
mains in engagement with the projection 316 of
the lever 375 so that now the machine effects a
direct subtraction upon depression of the division
key. Now the hook 358 is not restored automati-
‘cally but must be restored by hand to its upper-
most position.

We claim:

1. In a calculating machine having an actuator
rotatable in two directions, in combination, an

J
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electric motor for driving said actuator, a manu-
ally operable multiplication key, a manually op-
erable division key, means actuated by said keys
for starting the motor and controlling the con-
nection of said actuator to said motor for revolu-
tions in opposite directions of rotation, an accu-
mulator to be operated by said actuator, in either

direction, a contrel lever settable to three posi-

tions, two positions being for multiplication and
the third position for division, a shifting mech-
anism for said actuator, a setting mechanism un-

. der the control of said control lever to set said
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shifting mechanism to automatic shifting to the
right and on the left respectively in depend-
ence on the depressicn of said multiplication
key in the two respective positions of multiplica-
tion of sald control lever and to sutomatic shift-
Ing to the right in the position of division of said
control lever, and a revolutions control device
settable by sald control lever for automatically
operating said multiplication key ang said divi-
sion key, after one of sald keys has been de-
presged manually to start said motor, said revolu-
tions control device and said shifting mechanism
belng under the control of ssid accumulator to
effect sulomatic revolutions control and auto-
metic shifting in the position of division of said
conirel lever.

2. In & calculating machine having an actuator
roteteble in two directions, in combination, an
electric motor for driving s2id actuator, a man-
ually opersble multiplication key, a manually
operable division key, means sactuated by said
keys for starting the motor and controlling the
connection of said actustor to said motor for rev-
olutions in opposite directions of rotation, an ac~
cumulator to be operated by said actuator in
gither direction, a control lever settable to three
positions, two positions being for multiplication
and j$he third position for division, a shifting
mechanism for said actuator, & setting mecha-
nism under the control of said control lever to set
sald ghifting mechanism to avtomatic shifting to
the right and to the left respectively in depend-
ence on the depression of ssid multiplication key
in the two respective positions of multiplication
of said control lever and to automatic shifting to
the right in the position of division of said control
lever, and a revolutions control device settable by
said control lever for automatically operating
said multiplication key and said division key,
after one of said keys has been depressed manu-
ally to start said motor, said revolutions control
device and said shifting mechanism being under
the control of said accumulator to effect auto-
matic shifting and automatic reversing of the di-
rection of rotation of said actuator, each time
when the capacity of said accumulator is ex-
ceeded. | .

3. In & calculating machine having an actuator
rotatable in two directions, in combination, an
electric motor for driving said actuator, a manu-
ally operable multiplication key, a manually op-
erable division key, means actuated by said keys
for starting the motor and controlling the con-
nection of sald actuator to said motor for revolu-
tions in opposite directions of rotation, an accu-
mulator to be operated by said actuator in either
direction, a control lever settable to three posi-
tions, two positions being for multiplication and
the third position for division, a shifting mecha-
nism for said actuator, a setting mechanism un-
der the control of said control lever to set said
shifting mechanism to automatic shifting to the
right and to the left respectively in dependence
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on- the depression of said multiplication key in
the two respective positions of multiplication of
said control lever and to automatic shifting to the
_ right in the position of division of said control
" lever, a secondary lever for selectively discon-
necting said shifting mechanism in one of said
two positions of multiplication of said control
lever, and a revolutions control device settable by
said control lever for automatically operating
said multiplication key and said division key,
after one of said keys has been depressed manu-
“ally to start said motor, sald revolutions control
device and said shifting mechanism being under
the control of said accumulator to effect auto-
matic revolution control, and automatic shifting
in the position of division of said control lever.
4. In a calculating machine having an actuator
rotatable in two directions, in combination, an
electric motor for driving sald actuator, a manu-
ally operable muitiplication key, & manually oper-
able division key, means actuated by said keys
for starting the motor and controlling the con-
_ nection of said actuator to said motor for revolu-
““tions in opposite directions of rotation, an accu-
. mulator operable by said actuator in either direc~
tion, a control lever settable to three positions,
two positions being for multiplication and the
third position for division, a shifting mechanism
for said actuator; a setting mechanism under the
control of said control lever to set said shifting
mechanism to automatic shifting to the right and
to the left respectively in dependence on the de-
pression of sald multiplication key in the two re-
spective positions of multiplication of said con-
trol lever and to automatic shifting to the right

13

member, a clearing mechanism under the control
of said addition key and said subtraction control
member for stopping and clearing said actuator
after one single revolution, said subtraction con-
trol member being settable to be actuated by said
division key, when depressed, and a revolutions

- control device for automatically operating said

10
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multiplication key and said division key, after
one of said keys has been depressed manually to
start said motor, said revolutions control device
and said shifting mechanism being under the
control of said accumulator to effect the auto-
matic revolutions control and the automatic
shifting for automatic division, when said control
lever is set to division.

6. In a calculating machine having an actuator
rotatable in. two iregtions in combination, an’
electric motor for drlving\-;a.ld actuator, a manu-
ally operable multiplication key, & manually op-
erable division key, means actuated by said keys

* for starting the motor and controlling the con-
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in the position of divison of said control lever, an .

addition key, a uni-directional connecting mem-
ber from said addition key to said multiplication
_key for depressing the latter when said addition
key is depressed manuslly, a subtraction control
member, a clearing mechanism under the control
of sald addition key for clearing said actuator
after one single revolution and a revolutions con-
trol device for automatically operating said mul-
tiplication key and said division key, after one of
said keys has been depressed manually to start
said motor, said revolutions control device being
under the control of said accumulator to effect
automatic revolutions control and automatic
shifting in the position of division of said control
lever.

5. In a calculating machine having an actuator
rotatable in two directions, in combination, an
electric motor for driving said actuator, a manu-
ally operable multiplication key, a manually oper-
able division key, means actuated by said keys
for starting the motor and controlling the con-
nection of said actuator to said motor for revo-
lutions in opposite direction of rotation, an accu-
mulator operable in either direction by said actu-
ator, a control lever settable to three positions,
two. positions being for multiplication and the
third position for divigion, a shifting mechanism
for said actuator, a setting mechanism under the
control of said control lever to set said shifting
mechanism to automatic shifting to the right and
to the left respectively in dependence on the de-
pression of said multiplication key in the two re-
spective positions of multiplication of said control
lever and to automatic shifting to the right in the
position.of division of said control lever, an addi-

' tion key, & uni-directional connecting member
from said addition key to said multiplication key
for depressing the latter when said addition key
is depressed manually, a subtraction control

nection of said actuator to said motor for revolu-
tions in opposite directions of rotation, an accu-.
mulator operable in either direction by said actu- :
ator, a control lever settable to three positions,
two positions being for multiplication and the
third position for division, a shifting mechanism
for said actuator, a setting mechanism under the
control of said control lever to set said shifting
mechanism to automatic shifting to the right and -
to the left respectively in dependence on the de-
pression of said multiplication key in the two
positions of multiplication of said control lever,
respectively, and to automatic shifting to the
right in the position of division of said control
lever, a pawl preventing the depression of more
than one of said keys simultaneously, and a key
depressing mechanism for automatically operat-
ing sald multiplication key, and said division key
alternately in division .operations, when one of
said keys has been depressed manually to start
said motor, and disabling means for said key de-

- pressing mechanism under the control of said

45

control lever to be released thereby for rendering
sald key depressing mechanism operative, when

". sald control lever is in its position of division, said

50

key depressing mechanism and said shifting
mechanism being under the control of said accu- -
mulator to effect automatic revolutions control
and sutomatic shifting of said actuator, when
said control lever Is in its position of division.

7. In a calculating machine having a power-

Y operated actuator rotatable in two directions un-
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der the control of a multiplication key and a divi-
sion key, in combination, an accumulator oper-

"able by said actuator in either direction, a control

lever settable to three positions, namely one posi-
tion for division, one position for multiplication
with shifting to the right and one position for
multiplication with shifting to the left, a shifting
mechanism for' said actuator, a setting mecha-
nism under the control of said control lever to
set said shifting mechanism to automatic shifting
in accordance with the position of said control
lever, a revolutions control device for automat-
ically operating said multiplication key and said
division key, after one of said keys has been de-
pressed manually to start said motor, said revolu-
tions control device being under the control of
said accumulator to effect automatic revolutions
confrol and automatic shifting for automatic di-
vision, when said control lever is in the position
of division, and means for making the last rota-
tion of said actuator a plus revolution in division.
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after said actuator has been shified to its extreme
right position in division,

8. In a calculating machine having an actuator
rotatable in two directions, in combina.tion an
electric motor for driving said actuator, a manu-
ally operable multiplication key, a manually oper-
able division key, means actuated by said keys for
starting the motor and controlling the connection
of sald actuator to said motor for revolutions in
opposite directions of rotation, an accumulator
operable by sald actuator in either direction, a
control lever settable to three positions, two posi-
tions for multiplication and the third position for
division, a shifting mechanism for said actuator,
a setting mechanism under the control of said
control lever to set said shifting mechanism to
automatic shifting to the right and to the left re-
spectively in dependence on the depression of
said multiplication key in the two respective posi-
tions of multiplication of said control lever and
to automatic shifting to the right in the position
of division of said control lever, a revolutions con-
trol device for automatically operating said mul-

- tiplication key and said division key, after one of

said keys has been depressed manually to start
sald motor, said revolutions contro} device being
under the control of said accumulator to effect
automatic revolutions control and automatic
shifting for automatic division, when said controi
lever is in its position of division, a revolutions
counter actuator, and means under the control of
sald control lever for setting the direction of ro-
tation of said revolutions counter actuator in de-
pendence on the position of said control lever.
9. In a calculating machine having an actuator
rotatable in two directions, in combination, an
electric motor for driving said actuator, a manu-
ally operable multiplication key, a manually op-
erable divislon key, means actuated by said keys
for starting the motor and controlling the con-
nection of said actuator to said motor for revolu-
tlons in opposite directions of rotation, an accu-
mulator operable by said actuator in either direc-
tion, a control lever settable to three positions,
two positions being for multiplication and the
third position for divislon, a shifting mechanism
for said actuator, a setting mechanism under the
control of said control lever to set said shifting
mechanism to automatic shifting to the right and
to the left rospectively in dependence on the de-
pression of said multiplication key in the two re-
spective positions of multiplication of said control
lever and to automatic shifting to the right in the
position of division of said control lever, a revolu-
tions control device for automatically operating
sald multiplication key and said division key,
after one of said keys has been depressed manu-
ally to start said motor, said revolutions control
device and said shlfting mechanism being under

. the control of said accumulator to effect auto-

matic revolutions control and automatic shifting
of said actuator for automatic division, when said
control lever is set to division, a revolutions coun-
ter actuator, means under the control of said
control lever for setting the direction of rotation
of sald revolutions counter actuator in depend-
ence on the position of said control lever, and an

additional manually operable member for setting .

the direction of rotation of said revolutions coun-
ter actuator independently of said control lever.
10. In a calculating machine having a motor-

rotation under the control of a multiplication key
and a division key, respectively, an accumulator
operated by said actuator, a tens transfer mech-
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anism for said accumulator, means for stopping
the rotation of said actuator when a tens trans-
fer is effected in the highest denomination of said
accumulator, characterized by a setting member
under the control of said stopping means to alter-
nately depress and release said multiplication
key and said division key automaticaly in auto-
matic division, one of sald keys being depressed,
when the other is released, and vice versa.

11. In a calculating machine having a power-

-operated actuator rotatable in two directions un-
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der the control] of & multiplication key and a divi-
sion key, respectively, in combination, an accu-
mulator operated by sald actuator, a tens transfer
mechanism for said accumulator, means for stop-
ping the rotation of said actuator when a tens
transfer is effected in the highest denomination
of said accumulator, a control lever settable to
three nositions, namely one position for full-
automatic division, one position for multiplica-
tion with shifting to the right and one position
for multiplication with shifting to the left, a
shifting plate settable by said control lever to
three positions corresponding to said three posi-
tions of said control lever, a right and left shift-
ing mechanism for said actuator selectively oper-
able by said shifting plate in accordance with the
setting thereof, and a driving device directly con-
trolled by said -actuator stopping means for re-
ciprocating said shifting plate to actuate said
right and left shifting mechanism each time said

. actuator is stopped.
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12, In a calculating machine having a motor-
operated actuator rotatable in two directions un-
der the control of a multiplication key and a divi-
sion key, respectively, in combination, an accu-
mulator operable in either direction by said actu-
ator, a chief control lever settable to three posi-
tions, namely, for automatic division, and for

40 multiplication with automatic shifting to the
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’operated actuator rotatable in two directions of '

(L]

right and to the left, respectively, a shifting plate
settable by said lever, a right and left shifting
mechanism for said actuator selectively operable
by said shifting plate in accordance with the set-
ting thereof, a stop mechanism for said actuator
under the control of said accumulator, a driving
device for said shifting plate under the control of
said- stop mechanism for effecting a shifting mo-
tion of said plate each time said actuator is
stopped, a control plate settable under the con-
trol of said keys, said control plate when recip-
rocated, serving to move either of said keys to its
operative position In accordance with the setting
thereof, a disabling mechanism under control of
said control lever to disable said control plate
only when said control lever is in either of its
positions for multiplication, and means under the
control of said driving device for reciprocating
said control plate, when not disabled.

13. In a calculating machine having & motor-
operated actuator rotatably in two directions un-
der the control of a multiplication key and a divi-
sion key, respectively, in combination, an accu-
mulator operable in either direction by said actu-
ator, a chief control lever settable to three posi-
tions, namely, for automatic division and for
multiplication with automatic tabulation to the
right and to the the left, respectively, a shifting
plate settable by said control lever, & right and
left shifting mechanism for sald actuator selec-
tively operable by said shifting plate in accord-
ance with the setting thereof, a stop mechanism

_for said actuator under the control of said accu-

mulator, a driving lever driven by said motor, a
swinging lever, a pawl on said swinging lever nor-
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mally disabled but releasable by said stop mech-
anism to engage said driving lever for causing the

latter to rock sald swinging lever, and a hook V

lever journalled on said swinging lever to engage
said shifting plate and to reciprocate it for eﬂ'ect-
ing the shifting.

14. In a calculating machine having a motor-
operated actuator rotatable in two directions un-

der the control of a multiplication key and a divi.

sion key, respectively, in combination, an accu-
"mulator operable in either direction by sald actu-
ator, a chief control lever settable to three posi-
tions, namely, for automatic division and for mul-

tiplication with automatic shifting to the right.
and to the left, respectively, a shifting plate set--

table by said control lever, a right and left shift-
ing mechanism for said actuator selectively oper-
able by said shifting plate in accordance with the
setting thereof, a stop mechanism for said actu-
ator under the control of said accumulator, a
driving lever driven by said motor, a swinging le-
ver, & pawl on said swinging lever normally dis-
abled but releasable by said stop mechanism to
engage sald driving lever for causing the latter
to rock said swinging lever, a hook lever jour-
nalled on said swinging lever to move said.shift-
ing plate for effecting the shifting, and means
for disabling said hook lever in the extreme right
end position of said actuator.

15. In a calculating machine, in combination,
an actuator, two keys, a motor for rotating said
actuator in opposite directions under the control
of sald keys, an accumulator operable by said ac-
tuator, a chief control lever settable manually to
three positions, namely, for multiplication with
automatic shifting of the actuator to the left or
to the right and for automatic division, respec-
tively, a disconnecting lever manually settable to
a disconnecting position and a normal ineffective
position, a shifting plate settable under the.con-
trol of said chief control lever, a mechanism for
shifting said actuator to the right and to the left
operable by said shifting plate in accordance with
the setting thereof, said disconnecting lever in its
disconnecting position being in the path of the
setting motion of said shifting plate to disconnect
it from said shifting mechanism when said chief
control lever is in its position for multiplication
with shifting to the right, a stop mechanism for
said actuator under the control of said accumu-
lator in automatic division, and a driving device
for said shifting plate under the control of said

stop mechanism to effect a shifting motion of said -

plate when said actuator is stopped. -

16. In a calculating machine having a motor-
operated actuator rotatable in two directions un-
der the control of a multiplication key and a divi-
" sion’ key, respectively, in combination, an accu-
mulator operable by sald actuator, a chief control
lever settable to three positions - namely, for auto-
matic division and for multiplication with auto-
matic shifting of said actuator to the right and to

the left, respectively, a shifting plate settable by
said control lever, a right and left shifting mech-~

anism for said actuator selectively operable by
sald shifting plate in accordance with the setting
thereof, a stop mechanism for said actuator un-
der the control of said accumulator in automatic
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key and said multiplication key to depress said

. multiplication key when said addition key is de-

pressed manually.

17. In a calculating machine, in combination, a
motor, & multiplication key, a division key, said
keys serving to start sald motor, an actuator ro-
tatable in two directions under the control of
said keys, an accumulator operable by said actu-
ator, interlocking means for said keys preventing
them from being depressed simultaneously, a chief
control lever settable manually to three positions

for automatic division and for multiplication with

automatic shifting of said actuator to the right
and to the left respectively, a shifting plate set-
table by said lever, a right-and-left shifting
mechanism for said actuator selectively operable
by said shifting plate, a stop mechanism for said
actuator under the control of said accumulator in-
automatic division, a driving device for said shift-
ing plate under the control of said stop mech-

- anism to effect a shifting motion of said shifting
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plate when said actuator is stopped, a control -
plate movable under the control of said keys to

-engage the other key when one of said keys is de-

pressed, said control plate, when reciprocated,

- serving to depress either of said keys to its oper-
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ative position, except when the other key is kept
depressed manually until after said actuator has
been stopped, means for disabling said control
plate under the control of said control lever to
disable said control plate only when said control
lever is in either of its two positions for multipli-
cation, and means under the control of said driv-
ing device when a shifting motion is effected, foi
reciprocating said control plate, when not dis-
abled.

18. In a calculating machine, in combmatlon,v
a motor, a multiplication key, a division key, saigd
keys serving to start said motor, an actuator ro-
tatable by said motor in two direction under the
control of said keys, an accumulator actuated by
said actuator in either direction, interlocking
means for said keys preventing them from being
depressed simultaneously, a chief control lever
settable manually to three positions for auto-
mati¢ division and for multiplication with auto-
matic shifting of said actuator to the right and
to the left respectively, a shifting plate settable
by said lever, a right-and-left shifting mecha-
nism for said actuator selectively operable by said
shifting plate in accordance with the. setting

_thereof, a stop mechanism for said actuator un-
- der the control of said accumulator in automatic

division, a driving device for said shifting plate
under the control of said stop mechanism to ef-
fect a shifting motion of said shifting plate, when
said actuator is stopped, a control plate settable
under the control of said keys to engage the other
key than that depressed, said control plate, when
reciprocated, serving to depress to its operative
position the key engaged, except when the other

- key is kept depressed manually until after said

division, a driving device for said shifting plate '

controlled by said stop ‘mechanism to effect a
shifting motion of said shifting plate when said
actuator is stopped, means for clearing said actu-
ator, an addition key controlling said clearing
means, shift suppression means controlied by said
addifwn key, and means between said addition
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actuator has been stopped, means for disabling
sald control plate under the control of said con-
trol lever to disable said control plate only when
said control lever is in either of its two positions
for multiplication, means under the control of
said driving device for reciprocating said control -
plate when not disabled, and a minus locking
member for disabling said reciprocating means
for said control plate when said actuator is
shifted to its extreme right position.

19. In a calculating machine, in combmatxon,
an actuator, two multi-revolution keys, a motor
for driving sald actuator in opposite directions of

) {
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rotations under the control of said keys, an ac-
cumulator operated by said actuator, a chief con-
trol lever manually settable to three positions,
namely, for automatic division and for multipli~
cation with shifting in opposite directions, a
shifting plate settable under the control of said
control lever, a mechanism for shifting said ac-
tuator to the right and to the left operable by said
shifting plate selectively in accordance with the
setting thereof when reciprocated, stopping pawls
for said actuator, said stopping pawls being con-
trolled by said accumulator in automatic division,
a stop impulse lever receiving a stop impulse from
said stopping pawls when said actuator is beingz
stopped, a swing lever, a swing pawl on said lever
normally disabled by said stop impulse lever but
adapted to be released when sald stop impulse le-
ver receives a stop impulse, a driving lever driven
- by said motor and driving said swing lever when
said swing pawl is released, a hook lever jour-
nalled on said swing lever, and a projection on
said shifting plate normelly in the path of said
hook lever to be engaged thereby for reciproca-
tion. .

20. In a calculating machine, in combination,
an actuator, two multi-revolution keys, a. motor
for driving said actuator for rotation in opposite
directions under the control of said keys, an ac-
cumulator actuated by said actuator, a chief con-
trol lever manually settable to three r_)0sitions,
namely, for automatic division and for multipli-
cation with shifting in opposite directions, a
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shifting plate settable by said lever, a right-and-
left shifting mechanism for said actuator selec-
tively operable by said shifting plate in accord-
ance with the setting thereof, a stop mechanism
for arresting said actuator in full-cycie position
when it is being stopped, said stop mechanism be-
ing under the control of said accumulator in au-
tomatic division, a driving mechanism for said
shifting plate under the control of said stop
mechanism operable to cause a shifting motion of
said shifting plate each time when said actuator
is stopped except when said actuator is in its ex-
treme right shifting position, a reversal lever
rockable under the control of sald keys, & control
plate rockable by said reversal lever, to that one
of two positions in which the other key is engaged
when one of said keys Is depressed, said control
plate when reciprocated serving to depress said
keys alternately, a control pawl normally disabled
both by said chief control lever and by said driv-
ing mechanism and released when sald chief con-
trol lever is in its position for automatic division
and simultaneously said driving mechanism is
rendered operable . by said stop mechanism, a
driving lever carrying said control pawl and con-
nected with said control plate, and a driving lever
driven by said motor and engaging said control
pawl in its released position to reciprocate said
control plate.
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