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_ 1 ; }

Machines for automatic short-cut multiplica-
tion are known but the mechanisms for effecting
the automatic multiplication were heretofore
complicated, bulky and expensive.

The chief purpose of this invention is to sim-
plify such mechanism by using a single sensing
mechanism for sensing all denominational orders
of a multiplier storage device and which is moved
stepwise in parallel with the multiplicand actu-
ator and effects the sensing in one denomination
after the other. In contrast to this, a separate
sensing mechanism for each denomination was
heretofore used.

For this reason, the mechanism in accordance
with this invention can be made much lighter
and smaller, because the number of elements
therein is considerably reduced. This also means
that the mechanism in accordance with this in-
vention is less subjected to jamming and similar
disturbances; it is thus very reliable in operation.

It is an object of the invention to provide a
machine for performing automatic short-cut
multiplication in which a single sensing mech-
anism is moved stepwise or ordinally together
with the multiplicand actuator to provide for
sensing in the several denominational orders of a
multiplier storage device sequentially.

It is another object of the invention to provide
a mechanism for performing short-cut multipli-
cation which mechanism is not subject to jam-
ming or other disturbances and is reliable in op-
eration.

Another object of the invention is to provide

a short-cut multiplying mechanism which is
lighter and smaller than those heretofore used
and which is consequently relatively simple and
easy to manufacture and likewise relatively in-
expensive. . )

Other objects and features of the invention
will be apparent when the following specifica-
tion is considered in connection with the annexed
drawings, which drawings illustrate one embodi-
ment of the invention.

Fig. 1 is a cross-section through the machine.

Fig. 2 shows the machine from below, certain
parts (particularly the motor and the driving ag-
gregate) being broken away; Fig. 2 may be said
to be a horizontal section on the line ITI—IT in
Fig. 1. The multiplier storage rotor is shown in
its cleared position in Fig. 2.

Fig. 3 shows a view of the machine from be-
low, i. e. & view seen In the direction of the ar-
rows IIT—III in Fig. 1.

Figs. 3A and 3B show details. ‘

Fig. 4 shows a detail viewed from below, cer-
tain parts being broken away to show the parts
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below. (Fig. 4 may be said to be part of Pig. 3
with certain parts broken away.)

Fig. 5 shows, viewed from the bottom of the
machine, a defail of the multiplier storage rotor
and adjacent parts.

Fig. 5A is an end view of the storage mech-
anism, viewed from the left in Fig. 5.

Fig. 6 is a detail of a disk of the multiplier
storage rotor seen from the left (i. e. from a di-
rection opposite to that in Fig. 1).

Fig. T shows a detail taken out from Fig. 4,
viz. a part of the guide for the feeler carriage,
viewed from below.

Figs. 8A and 8B show end views in the direc-
tion of the arrows VIIIA—VIITA and VIIIB—
VIIIB respectively in Fig. 7.

Fig. 9 is a detail of the step shift device for the
feeler, viewed from the back side of the ma-
chine; Fig. 9 may be said to be a detail in the
direction of the arrows IX—IX in Fig. 5.

Fig. 10 is a detail view of a portion of Fig. 5
and shows part of the feeler mechanism.

Fig. 11 shows the detail illustrated in Fig, 10,
viewed in the direction of the arrows XI—XT in
Fig. 10.

Fig. 12 is a detail view of the clearing wedge
for the multiplier storage rotor.

Fig. 13 shows a view of the clearing wedge seen
in the direction of the arrows XIII—XIII in
Fig. 12. :

Fig. 14 is an end view in the direction of the
arrows XIV—XIV in Fig. 12.

Fig. 15 is a plan view of the lower part of the
machine, the overlying parts being broken away
to show more clearly the step shifting mecha-
nism; the figure may be considered to be a sec-
tion on the line XV—XV in Fig. 1 with certain
parts broken away.

Fig. '16 is a detail view from the right side of
the machine in the direction of the arrows
XVI—XVI in Fig. 2.

Fig. 17 shows the machine seen from its right
side, thus a view in the direction of the arrows
XVII—-XVII in Fig. 3.

Fig. 18 is a detail from Fig. 17 after certain
parts have been broken away for better clear-
ness; Fig. 18 shows the positions of the parts be-
fore the beginning of a feeling operation.

Fig. 18¢ is a fragmentary view, showing the
cam drive for the arm 137 of Fig. 18.

Fig. 19 is a view analogous to Fig. 18 and illus-
trates the positions of the parts after g feeling
operation has heen finished.

Fig. 20 shows a view of a detail of the multiplier
storage mechanism of Fig. 17.




2,611,539

3

Fig. 21 shows a view in the direction of the
arrows XXI—XXIT in Fig. 20.

Fig. 22 shows a detail view in the direction of
the arrows XXJI—XXII in Fig. 18, the upper
-half of Fig. 22 showing the details in section.

Fig. 23 is & detail view of the coupling between
the quotient counter actuator shaft and the actu-
ating tooth of the feeler; this figure is a detail
viewed in the direction of the arrowgs XXIII—
XXIII in Fig. 17.

Fig. 24 shows & detail view in the direction of
the arrows XXIV—XXIV in Fig, 3.

Fig. 25 shows a side view of the machine from
the left that is a view in the direction of the
arrows XXV-—=XXV in Fig. 3.

Fig. 26 shows an axial section through the mul-

tiplier storage rotor and illustrates the method of:

mounting it.

Figs. 27A and 27B show details taken from
Fig. 17 and illustrate the different positions of
the correction arm.

Figs. 284, 28B and 28C are also details taken
from ¥Fig. 17 and illustrate the three different
positions for the slidée determining in whieh di-
rection the ordinary or main actuator works
during automatic multiplication. :

Finally, Fig. 29 shows a detail from Fig. 4.

It should be éxpressly mentioned here that
several different scales have been choosen for
the different figures in the drawings and that the
scales have been chosen only ‘for the purpose of
obtaining a maximum of clearness in each par-
ticular figure.

For the sake of clearness i certain of the draw-
ings only those paits are shown which are next
to the spectator (next to the plane of the draw-
ing), while remoter parts have been omitted; for
the same reason parts have been completely or
partially cut away in certain of the figures.

When not otherwise expressly stated, the ex-
pressions  “right,” “left,” “forwards,” “back-
wards,” “upwards” and ‘“downwards” are used
throughout this' specification to indicate these
directions as they appéar to an operator sitting
at the keyboard of the machine.

The caleulating machine shown by way of ex-
ample in the drawing is in its general features
constructed in accordance with U. S. Patent No.
2,108,596 and is driven electrically with a driving
aggregate in accordance with U. 8. Patents Nos.
2,488,011 issued November 15, 1949, and 2,431,930
issued December 2, 1947; moreover, the machine
is ‘constructed for automatic -step shifting and
automatic ‘division in ‘accordance with the U. S.
Patent No. 2,398,286 issued April 9, 1946. How-
ever, the-invention may, of course, also be applied
to other fybes of calculating ma'chines.r A similar
machine is shown in our copénding application,
‘Serial No. 724,800, now Patent No. 2,560,910. In
the instant case the claims are directed to the
use of a single sensing mechanism to sense the
digital values stored in a multi~order storage
device. In the copending application the claims
are directed to a means for simultaneously enter-
ing quantities into the differential actuator of
the machine and into the multi-order storage de-
vice. In addition in the copending application
cerfain claims -are -directed to details ‘of the use
of the machine in performing the operations of
consecutively ‘multiplying the same multiplier by
a -plurality of multiplicands and to squaring
quantities.

General princible of the machine
The calculating machine according to the in-
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vention has a single common keyboard for setting
the two factors of the multiplication. First the
multiplier is set by means of this keyboard. The
item set is thereby simultaneously entered both
into the differential actuator and into a special
multiplier storage device connected in parallel
with said differential actuator. - For this pur-
pose the setting members operated by the keys

“simultaneously set the differential actuator as
.well as the multiplier storage mechanism. When

the multiplier is being entered, the multiplier
storage mechanism is shifted step by step together
with the differential actuator. During its rota-
tion the differential actuator operates an accumu-
lator (results register) in the usual manner, while

the multiplier storage mechanism later (after the

multiplicand is entered) serves to automatically
control the number and the directions of the
revolutions to be carried out by the differential
actuator in each individual denomination of said
accumulator.

“After the multiplier has been slmultaneously
set in the differential actuator and in the storage
mechanism as déscribed above, a special operat-
ing key, for example marked X, is depressed
manually which causes the main actuator -to be
cleared, while; on the other hand, the item set
(the multiplier) remains set in storage mecha-
nism, which upon the manual depression of the
just mentioned special opérating key X is disen-~
gaged from the setting members operated by said
keyboard and possibly also from the step shift-
ing members (if the keyboard is of the ten-key
type). ~“Now the multiplicand is set in the main
actuator by means of the same keyboard and
this has no influence on the storage mechanism
which has been disengaged from the setting mem-
hers before this setting procedure as mentioned
above. . 'When now a special operating key, which
may be marked ==, is depressed, the operation of
multiplication is effected automactially because
the main actuator is caused to rotate in that di-
rection and that number of times in each de-
nomination of the accumulator which is deter=
mined by the numeral value of the multiplier
which has been entered into the multiplier stor=
age mechanism in the corrésponding denomina-
tion.

After feeling has been effected in a certain de-
nomination ‘of the stordge mechanism and the
differential actuator has carried out its revolu-
tions in accordance therewith for the correspond-
ing denomination of the accumulator, the main
actuator and the féeler proper of the mechamsm
are shifted one step to the next denomination in
which feeling then takes place, ete., ete. The
automatic multiplication is continued in this way
until the multiplicand has been multiplied by the
whole multiplier set ih the storage mechanism
and sensed -by-the feeler mechanism.

“The Same step shifting mechanism is ‘prefer-
ably used both for the main actuator and for the
feeler mechanism, and this cons1derably‘s1mpl1-
fies the construction. Yet it should be observed
that during the setting of the multiplier the mul-
tiplier storage mechanism, and the differential
actuator (such as a pin wheel rotor), are shifted
stepwise. together, whereas during the operation
of feeling the multiplier entered the multiplier
storage mechanism stands still while the feeler
proper. (the feeler arm) is shifted stepwise to-
gether with the main actuator. The latter is in
the usual manner provided with reading members
32a (Fig. 1) or is coupled to such members so that
at the setting the mu1t1pher and the multiplicand



2,611,539

5

respectively may be read successively. - The re-
sult may be read in the accumulator or results
register dafter the end of the calculating opera-
tion; and simultaneously the revolutions counter
shaws the multiplier. The calculating operation
having been finished, the two factors (multipli-
cand and multiplier) and the result may thus
be read for control purposes.

During automatic multiplication the feeler
mechanism should preferably be operated with-
out clearing the multiplier set in the storage de-

vice. After multiplication has been finished the

multiplier remains in the storage mechanism. If
now the clearing key (the 0 key) is depressed, the
main actuator and the storage mechanism as well
as the feeler proper are simultaneously cleared.
If, one the other hand, the the X key is depressed,
only the main actuator'and the feeler are cleared,
while the multiplier remains set in the storage
mechanism. A new multiplicand may then be
set in the differential actuator and in an analo-
gous manner (by manual depression of the =
key) this mutiplicand may be multiplied by the
multiplier remaining from ehe preceding calcu-
lating operation. Consequently, the machine
can quickly and easily carry out a series of mul-
tiplications by a given, constant factor.

If first a factor (multiplier) is set simulta-
neously (in the same setting operation) in the

actuator and in the storage mechanism as de- ¢

seribed above, and then the = key (instead of the
X key) is depressed, evidently the item set is im-
mediately squared, because one and the same
item is set in the actuator as multiplicand and in
the storage mechanism as multiplier. - Therefore,
squaring operations may be effected very quickly
and simply.

The number of revolutions which the ordinary
actuator is to effect in each denomination, is con-
trolled by a gear segment connected with the feel-
er, said gear segment advancing a gear wheel as
many steps as indicated by the numeral sensed
in the corresponding order of the storage mech-
anism. When this has been effected, the gear
wheel is disengaged from the segment and is
brought into engagement with a tooth (counting
tooth) which successively counts the gear wheel
back to zero one step at each revolution of the
actuator. (Said counting tooth is coupled to the
shaft of the revolutions counter actuator.) Thus,
when the gear wheel has been returned to its zero
position, the main actuator is stopped in its full-
cycle position and is shifted one step together
with the feeler whereafter feeling is effected in
the same manner in the next denomination.
When finally the whole multiplier in the storage
mechanism has been sensed in this manner and
thus the automatic operation of multiplication
has been finished, the machine is stopped.

In order to make the operations of calculation
as rapid ‘as possible the operation of automatic
multiplication according to the invention is car-
ried out according to the short-cut method, this
is: with the least possible number of revolutions
in each denomination. For this purpose said
gear wheel in the feeler mechanism is according
to the invention provided with a cam or curve
with three different levels or radii, viz. one for
plus caleulation, one for minus calculation and
one for no calculation at all (narevolution). For
plus calculation the differential actuator is ro-
tated in plus revolutions and for minus calculation
in minus revolutions (that is in the direction of
rotation which is opbosite to the direction of plus
revolutions). At “no- revolutions” the actuator
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6
does not make any revolution at all (but is only
step shifted one step to the next denomination).

Preferably, said cam actuates a slide which
thus by the different cam levels is set in three
different positians, and the position of the slide
determines in which direction the differential ac-
tuator is to rotate. The plus calculation position
(plus revolutions position) of the cam and slide
corresponds to the numerals 1-5 in the corre-
sponding denomination of the multiplier, while
their minus calculation position or minus revo-
Iutions position corresponds to the numerals 6-9
in the corresponding denomination of the mul-
tiplier. The zero position (no revolutions posi-
tion) of the cam slide corresponds to the number
0 in the corresponding denomination of the mul-
tiplier. In its plus revolutions position the slide
causes the main actuator to rotate from 1 to 5
revolutions in the plus direction (positive direc~
tion, direction of addition) in the decade con-
cerned. In its minus revolutions direction the
slide causes the main actuator to rotate in the
minus direction (negative direction, direction of
subtraction). The number of revolutions in that
minus direction constitutes the complementary
value of the multiplier numeral (6-9) in the de~
nomination concerned. If this multiplier nu-
meral is “6,” for example, the main actuator ef-
gects 10—6=4 minus revolutions. After minus
revolutions have been cffected in one denomina-
tion, the sensed numeral in the next highest de-
nomination must be automatically increased by
one unit. This is most simply effected by moving
the gear segment in the feeler mechanism one
additional step (either at the beginning or at the
end of the feeling motion of the gear segment).

Thus the construction becomes very simple
and reliable in operation, and the machine oper-
ates very rapidly in performing automatic multi-
plication.

Moreover, the machine may in well known
manner effect automatic division and addition
and subtraction. Consequently, the machine
may be used for many purposes.

According to the invention the machine may
be constructed in such manner that it subtracts
a particular product from previously accumu-
lated products. For this purpose the machine is
provided with a selector device which reverses
the direction of rotation of the differential ac-
tuator in accordance with the manual setting of
said selector device by the operator. Normally,
the direction of rotation of the main actuator is
determined, as described above, by the numerals
1-5 being counted in the positive direction of
rotation and the numerals 6-9 in the negative di-
rection. But if the machine is set to subfract
a product, the directions of rotation are reversed
in the different cases so that the multiplier nu-
merals 1-5 are counted in the negative direction
of rotation of the main actuator, while the nu-
merals 6-9 are counted in the positive direction.
However, the direction of rotation of the quo-
tient tooth and of the revolutions counter actua-
tor and also that of the counting tooth connected.
therewith is not reversed.

Keyboard.—Amount setting

Besides the ten amount setting or item keys
0-9 (Fig. 15) the machine has the following oper-
ating members in the embodiment shown:

(@) Right step shifting key 10 for step shifting
the differential actuator to the right; the key is
marked with an arrow directed to the right.

(b) Left step shifting key i for step shifting
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the actuator to the left; the key is markeéd with
an arrow directed to the left. . )

(c) 'Total tabulation key 12, at the ‘depression
of which the actuator is moved to its left end
position (for division); the key is marked with
an afrow directed to the left with a circle in its
rear end.

- (d) Addition key 13 marked “Add.”

- (e) _Subtraction and division key 14 marked
-+ the key is preferably called multi-revolutions
minus key.

(f) Multiplication key 15 marked -+; the key
is preferably called multi-revolutions plus key.

(¢g) Multiplier key 15 marked X.

(k) Products key 1T marked =,

Furthermore, the machine has a chief eontrol
lever 18 (Fig. 2) with a disconnecting lever {9
for setting the machine to multiplication and to
division, a clearing key 26 (Fig. 17) for the main
actuator and for the multiplier storage mecha-
nism, ‘and finally also -a minus shifting lever
{800 (Fig. 17) for setting the machine for sub-
traction according to the British Patent No.
551,311 (=U. 8. Patent No. 2,398,286) ; the parts

0—15 are likewise constructed according to said ¢

patent. However, according to that patent the
clearing key serves-to -clear the main actuator
mechanisin only (but not a multiplier storage
mechanism). Moreover, for the registers (the
accumulator and the revolutions counter, respec-
tively) there are, of course, the usual clearing
.mempbers operated by the levers A and B (Fig. 2).

The amount keys 0-9 are rotatably journalled
on the shafts 21 -and- 22 respectively (Fig. 1)
which are fixed in the machine frame 23.
keys-in one key row are journalled on the shaft
21 and the keys in the other key row on the
shaft 22). At their rear ends said keys atre
provided with curved slots 24 (in the keys 0-4)
and 25 respectively (in the keys 5-9) and said
curved slots or cam slots are adapted to cooper-
ate with pins 25 and 27 respectively on setting
levers 28 and 29 respectively. Said setting
levers are rockably journalled on pins 30 which
are fixed in the machine frame. The setting
lever 28 has two arms, namely one arm 28a with
a pin &1 for cooperation with the usual differen-
tial actuator 32 and an arm 28b with a pin_ 23
for cooperation with the multiplier storage

mechanism 34. In an analogous manner the 5o Moreover, the disks are provided with a circu-

setting lever 29 has two arms, namely an arm
298¢ with the pin 35 for setting the actuator 22
and an arm 28b with a pin 35 for setting the
multiplier storage mechanism 34.. (On the

whole, the construction comprises the amount .

setting ‘mechanism shown in U. S. Patent No.
2,108,596 in duplicate.) Springs 31, 38 are pro-
vided to normally hold the setting levers 28, 29
in their positions of rest shown in Fig. 1.
actuator dises carry engraved numerals (0, 1,
2-9) on their external cylindrical surfaces 32¢
(Pig. 1) which may be read through a window
300. Thus the actuator dises themslves also
form the indicator register.

Multiplier storage mechanism

The main actuator 32 and the registers (not
shown) are preferably constructed as indicated
in the above mentioned patents.

The storage mechanism consists of a disk 29
for each denomination (Figs. 1, 5, 5A, 6 and 26).
These disks 33 are rotatably journalled on a shaft
48, said disks being arranged on distance tubes
41 and guided by bowl-shaped cups 42. The tubes
41 and the cups 42 are pushed on a tube 43, at
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one (the left) end of which an end plate 44 is
soldered (or fixed in some other way). At the
opposite end of the tube an end plate 45 is ar-
ranged which is secured by a nut 43 screwed on
to the tube. The cups 42 are guided by a bolt
4T (Figs 1 and 26) which is guided by apertures
in the end plates 44 and 45. Thus, the disks 39
and the parts 4{—47 form 2 rotor 34, which to
a certain extent is analogous to the pin wheel
rotor or actuator 32. The shaft 40 of this rotor
34 is fixed at both ends in a U-shaped bearing
member 48 (Figs. 1 and 5) which is screwed on
to the lower side of the bottom plate of the ma-
chine. - In the end plates 44, §5 of the rotor 34
there are slots 43 for the locking slide or bar
50 (Figs. 1, 5, 5A, 10, 11). 'The slots 49 guide the
storage rotor when this rotor slides in the direc-
tion of the shaft 40.on the bar 50. Said locking
bar-is at its right end provided with a recess §0c
and a hook or projection §8d and at its left end
with a slightly S-shaped slot 50e. At the recess
50c the locking bar 50 enters a recess 48a (Figs.
5 and 8B) in the right leg of the U-shaped mem-
ber 48 and the projection 50d engages the recess
48b in the same leg. Thus, the right end of the
locking bar is held locked in the radial ag well
as in the axial direction (in relation to the shaft
4§). Nevertheless, the left end of said bar can
swing radially in the groove 48c in the left leg
of the U-shaped member 48 (Figs. 5 and 8A).
The disks 39 are.provided with recesses or
grooves 39«¢, 39b (Figs. 1 and 6) which are en~
gaged by the pins 36 and 33 respectively on the
setting arms 29b and 28b respectively, when the
amounts are being set in the feeler rotor; At its
periphery each disk has nine shallow grooves 38c
and a deep groove 39d. After a disk has been
set by the setting arm 28b or 28b and the rotor
is then moved one step to the left, one of the
grooves 39c¢, 39d engages the locking edge 50a of
the locking bar 50 (Figs. 5, 10, 11) so that the
disk previously set is locked in its position. At
their periphery the disks 39 are also provided
with ten stepped shoulders 3%e, 38/ (Fig. 6) cor-

5 responding to the numerals §-8. In Fig. 6 dash-

and-dot lines marked with the numerals 0-9 show
how these shoulders correspond to the numerical
values. These shoulders cooperate with a feeler
arm in -the manner described in detail below

larly curved slot 387 for a clearing wedge 52 (Figs.
1, 5-and 12-14) and-with & free run (idle) slot”
39g for the bolt 47. Therefore, this bolt guides.
the cups 42 but ‘does not prevent the rotation
of the disks 39. B

A projection 5fa on the finger 5f, which is
screwed on to the left end of the clearing wedge
52, enters :the curved-slot 50e in -the left end of
the locking bar 58. The finger 51 also carries
a buffer 51b. When the clearing wedge is in its
extreme right position (position of rest) shown in
Fig. 5 the projection §la holds the locking bar 50
in ‘its ‘locking position so that said bar locks all
disks.89-which are to the left of the recess 500.
At a clearing operation the-edge 52 is displaced
to the. left and then lifts the locking bar 50 so
that it is disengaged from the disks 83 to the left
of the recess 50b. -The locking bar is operated by
the-clearing -wedge and is not actuated by any

" springs.

In the lateral direction the setting arms 28D
and 28b are located in front of the recess 50b
(Figs. 5 and 10) in the locking bar 58. The disk
39 which is to be set, is thus located in. said re-
cess 50b and is thus not locked by the bar 50.
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This disk instead is locked by the projection $3a
- of the catch or swingable hook 53 (Fig. 1) which
is rockably mounted on a pin 54 fixed on the
mounting 55 (Fig. 1) which is fixed on the
U-shaped member 48. A spring 56 presses the
hook 53 to rest with its pin 57 on the edge of the
stationary projection 55¢ (see also Fig. 5A).
‘When either of the setting arms 28b, 29b is swung
under the action of a depressed amount key, a
pin 58 on the setting arm will strike against the
edge of the hook 53 and move its tooth 53a out
of engagement with the groove 39¢ in the then
aligned disk, while simultaneously the pin 33-and
36 respectively on the setting arm engages the
groove 39b, 39¢ in this disk. The disk is thus
unlocked at the same moment that the setting
operation of that disk commences.

In the axial direction the storage rotor -34 is
guided by an arm 59 (Figs. 1 and 2) which.is
pivoted on the pin 60 fixed in the bottom plate 23
of the machine. Said arm carries a pin 61 run-
ning in a slot 62 (Figs. 2 and 5) in a projection
of the end plate 45 of the rotor. A spring 63 (Fig.
2) tends to draw the rotor to the left, that is, in
the direction of the arrow C. Such motion is,
however, prevented by the fact that a slide 64
located on the arm 59 engages a coupling pin 65.
The slide 64 is provided with pins 67 engaging ob-
long slots 68 in the arm 59 and is thus displace-
ably mounted on said arm, but is held in locking
position by the action of a tension spring 69. A
pin 70 is also fixed on the slide.

The coupling pin 65 is fixed on g ling 11 (Fig.
{§) for drawing the differential actuator 32. By
means of a pin 12 said link is articulately con-
nected with the lever 13 and by means of an-
other pin T4 with the lever 75. The two levers
13, 15 are rockably mounted on stationary pins
16, 11, respectively, fixed in the bottom plate of
the machine. By means of a pin 18 the lever 13
is articulately connected with the link 19 which
by means of pin 80 is fixed to the carriage 81 of
the differential actuator 32 (see also Fig. 1). The
main actuator is shifted step by step in the usual
manner both at the setting operation and at
the depression of the keys 18 and 11, for instance
by means of the mechanism described in U. S.
Patent No. 2,108,596. Thus, when the main ac-
tuator 32 is shifted stepwise, the rotor 34 is also
shifted step by step in the same way via the
coupling pin 65. The link system between these
two rotors is so dimensioned that the stepwise
-movements of the rotors, are equal, that is, those
rotors 32, 34 are step-shifted in unison.

Clearing the storage rotor

The clearing wedge 52 for the storage rotor 34
is guided in slots 82 (Figs. 5A, 8A and 8B) in the
U-shaped bearing member 48. Moreover, it is
guided in slots in the cups 42 in the rotor and in
slots in the end walls 44, 45 of said rotor.. -As
mentioned above, on the left narrow end of said
wedge a finger §5i is secured by screws and by
means of said finger the wedge actuates the lock-
ing bar 50 (Fig. 5). At the right end of the
wedge there is a slot §2a which is engaged by one
end of the lever 83 (Figs. 3, 4, 5). Said lever is
pivotally mounted on a screw 84 fixed.in the bot-
tom plate and carries a pin 85 entering a curved
slot 86 in an operating slide 87 for the clearing
wedge. This operating slide is displaceably ‘and
rockably mounted on pins 88 in the bottom plate
of the machine (see also Fig. 29). When said
slide 87 is moved in the direction of the arrow D
(Fig. 4), the operating slide will evidently via
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the pin 85 swing the lever 83 clockwise, that is
in the direction of the arrow E in Figs. 4 and 5.
Normally, the clearing wedge is in its extreme
right position (position of rest) shown in Fig. 5.
Therefore, the storage disks will be cleared when,
in the manner just described (and described in
greater detail in U. S. Patent No. 1,927,771), the
clearing wedge is displaced by the lever 83 to the
left in the direction of the arrow E. In order to
hold the slide 87 in its position of rest a tension
spring 88, is provided passing round the roller
98. Thus, this spring also holds the lever 83 and
the clearing wedge 52 in their positions of rest.

The operating slide 87 is provided with a notch
81a which is in the path of movement of a clear-
ing drive arm 81 (Figs. 3, 4 and 16). This arm
is pivoted on g pin 92 on the right end wall of the
machine, and is driven in a reciprocating swing-
ing motion on this pin by means of an arm 94
rockably mounted on the stationary pin 93, said
arm 94 engaging with its roller 95 a curved slot
8f{a in the drive arm 91. By means of a link 96
the arm 94 is connected with the lever 97, which
is pivoted on the stationary pin 98 and provided
with a roller 99 cooperating with a clearing cam
100 -on the shaft 18f. Said shaft is in known
manner rotated when the main actuator 32 is
cleared (the shaft 101 may, for example, be
identical with the shaft indicated by 74 in U. S.
Patents No. 2,068,899 and 2,127,102). The clear-
ing wedge 52 for the storage rotor 34 is thus
driven in unison with the corresponding clear-
ing wedge for the main actuator 32. The operat-
ing slide 87 is further provided with a projec-
tion or flap 816 (Figs. 2, 4, 29) which when for a
clearing operation this slide is moved in the di-
rection of the arrow D strikes against the notch
59¢ (Fig. 2) on the guide arm 59 and rocks this
arm so that the rotor 34 is returned to its zero
position (extreme right position) and is returned
therein in the manner shown in U. S, Patent No.
1,927,171, 'This is effected at the same time as
the clearing wedge is displaced to the left via the
lever 83 in the manner indicated above in order
to clear the disks 39. If is to be observed that
the hook 53 is provided with oblique surfaces so
that the disks 39 can be cleared without the ne-
cessity of first lifting this hook out of engagement
with the recesses 39c, 39d.

The operating slide 87 moves counterclockwise
in Figs. 3 and 4 when an arm (02 with its pin

- 103 acts upon the oblique cam surface 87c (Fig.

3) on the operating slide. On the stationary
plate 104, which is rigidly connected with the
bottom plate of the machine and located some-
what below said bottom plate, a locking arm 106
which is provided with a number of teeth 107 is
pivoted (by means of an oblong slot) on a pin 105
(Fig. 4). This locking arm is further provided
with a slot 106e which is traversed by a station-
ary pin 108 fixed on the plate 104 and serving to
guide the locking arm {06. Said locking arm is
normally held by a tension spring in its posi-
tion of rest shown in Fig. 4, in which the locking
surface 45a on the right end wall 45 of the storage
rotor 34 may pass freely by the teeth {07 (Fig. 3).
But, when the locking arm 106 is swung back-
wards in the machine (that is: downwards in
Fig. 2), the locking surface 45a¢ will be locked by
one of the teeth 107, Consequently, the spring 63
cannot then draw the rotor 34 through a longer
distance than that determined by the striking
of the right end surface of the slot 1806a against
the pin 108. This end surface is dimensioned in
such manner that when the locking surface 45a
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of the storage rotor engages one of the locking -

teeth 187, the rotor 34 has moved such & distance
in the lateral direction in the machine (that is:
in the longitudinal direction of the shaft 40) that

the setting arms 28b, 29b can no longer act on-

the disks 38. In other words, the rotor is shifted
axially about half a step, and if the setting arms
28b, 29v are now =actuated, their pins 33, 36
(Fig. 1) pass freely between two disks 39. Thus,
no disk is now actuated. When an amount key
“0-9is depressed.

When the X key (6§ is depressed, its projection
16a (Fig. 3) actuates one end of the above-men-
‘tioned link arm 102 which is pivoted on the sta-
tionary pin 110 and is also guided by ‘the sta-

“tionary pins [{1. engaging oblong, circular slots
in ‘said link arm. When the X key 16 is de-
pressed, the link arm 102 will be swung anticlock-
wise in Fig. 3 and via its pin 103 rocks the oper-
ating slide 81 anticlockwise. Under the actuation
of a tension spring 112 (Fig. 4) a link (13 will
then be drawn to the left so that its notch or
projection [13a engages the clearing drive arm
91 (Fig. 3).. (Normally, that is, when the X key
{6 is not depressed, the striking surface (13b of
link 113 engages operating slide 87, and the pro-
jection [18a is then out of the path of motion
of clearing drive arm 8{). When thus at the
depression of the key {6 the link (18 with its
projection 1i3a has entered the path of motion
of the clearing drive arm 91 in the manner just
described, the drive arm 91 rocks the link (13
anticlockwise in Fig. 4 on the pin 110, on which

-also said link is journalled by means of an oblong
slot through which the pin passes.
also guided by the pin [{1.) When thus the link
113 is rocked counterclockwise in Fig, 4, its edge
strikes the pin- 78 (Figs. 1, 2, 3 and 4) on the
slide 64. This slide is then disengaged from the
pin 65 (Fig. 2) so that the storage rotor is dis-
connected from the step shifting device for the
main actuator 32. At the same time the fiap
{13¢ (Fig. 4) -acts on the locking arm 106 - so

- that the latter is rocked (clockwise in Figs. 3
and 4) and with its teeth 107 engages the stop-
ping surface 45¢ of the rotor 33, The spring 63
(Fig. 2) now keeps the stopping surface 45¢ of
the rotor pressed against one of the teeth 107.

Thus, when the X key 16 is depressed, the
rotor is disconnected from the main actuator 32
(and its step shifting mechanism) and is locked
in the position set in the lateral direction in the
machine. As mentioned above, the rotor, the

. setting operation of which has already been com-

- bleted is now also out of the path of motlon of
the setting arms 280, 29b.

At ifs right end the arm 102 is shaped as a
fork surrounding the lower end of a lever (4
(Figs. 3 and 17). Said lever is pivoted on the
stationary pin 1{5. When in the manner de-
seribed above the arm 162 is rocked counter-
clockwise in Fig. 3 (that is: in the direction of
the arrow ¥ in Fig. 17), the lever 114 with its
projection or flap {i4a (Fig. 17) actuates the
clearing link {16 so that the latter is displaced
backwards in the machine and effects the clear-
ing of the main actuator 32. (The clearing link
116 may be constructed as the link 400 in the
United States Patent No. 2,488,011).

Setting the multiplier

When both the main actuator rotor 32 and the
storage 1otor 34 are cleared the multiplier can
be set by means of the keyboard of ten keys
0-9. (The chief control lever 18 shall then stand

“in its position for automatic multiplication). If
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now ‘an amount key - 1s depressed say ‘the key 8,
a pin wheel disk in the actuator rotor 32 is'in
well-kriown manner set by the setting arm” 28¢
when the latter is moved counterclockwise at the
depression of the key (Fig.' 1)." At the same
time the arm 28b sets the storage disk 39 of the
same denomination to the numerical value “4.”
During this procedure the pin 58 fixed on ‘the

‘arm-28b acts upon the locking arm 53" so ‘that

its hook 53¢ is swung out of engagement with the
corresponding - locking -recess 38c on the feeler.
disk which is just being set. -The numeraj “4”
is thus set in the same denommatlon in- the two
rotors 32 and 34.

After this, the actuator rotor 32 is in well-
known manner shifted half a step to the: left.
The pin 65 (Figs. 2 and 15) connected with the
actuator is now also . moved half a step to the
left and the storage rotor 34 is also moved half
a step to the left by its tension spring 63.  The
pins 31 and 33 (Fig. 1) on the setting arms 28a,
280 respectively are thereby disengaged from the
disks just set in the two rotors, and at this half-
step movement the disk 39 just set will be locked
by one of its grooves or notches 39¢, 394 (Fig. 6)
engaging the guide projection 58« of the locking
bar 50 (Fig. 5). (The disk just set in the. differ-
ential actuator is, of course, locked in an analo-
gous manner.) When now the depressed amouns
key & is released, the setting arm 28 returns to
its position of rest, and just before this key has
reached its position of rest, the step shifting
mechanism is released in well-known manner so
that the two rotors are shifted together another
half step to the left.” When the setting arm 28

-returns to its position of rest, the locking mem-

ber 53 also returns to its position of rest shown
in Fig. 1 under the action of the spring 56. The
next disk which now comes into the position for
setting, is thus locked by the hook 53¢ until an-
other amount key is depressed.

The other numerals of the multiplier are then
set in sequence simultaneously in the two rotors
32 and 34, in an identical manner.

After all denominational orders, of the par-

- ticular multiplier have been set, the X key (6

is depressed. In the manner described above in
detail this causes the storage rotor 34 to be dis-
engaged from the step shifting mechanism and
to be caught by the locking teeth 107 (Fig. 3).
At the same time the actuator 32 is cleared by
the actuation of the arm 102 (Figs. 3 and 17).
Because the operating slide 87 has then already
been rocked out of engagement with'the clearing
drive arm 81 (Figs. 3 and 16), the storage rotor
is not cleared.

Thus, the multiplier is now set in the storage
rotor -34 which is locked in the position set and

. 1s disengaged from the step shifting mechanism.

The main actuator 32 is, however, cleared and
moved back to its home position.

Setting the multiplicand

By means of the keyboard of tén keys 9-9
the multiplicand can now be set in the actuator
The pins 33, 35
(Fig. 1) on the setting arms 28b, 296 now pass
freely between two disks in the storage rotor
which has been locked in a half-step position
by the pin 108, which strikes against the right
end of theslot 198a (Fig. 4). When said setting
arms operate they insure release of the locking
device 83 (via the pin 54 in Fig. 1), but all of
the storage disks have now been locked by the
locking bar 50 and are therefore not moved.
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Rotor clearing

For clearing the two rotors the 0-key 20 (Fig.
17) is depressed. The actuator rotor 32 is there-
by cleared in well-known manner (see U. S.
Patent No. 2,068,899 and U. S. Patent application
Serial No. 534,288), and the clearing shaft
101 (Fig. 16) starts at the same time its rotation
so that the clearing drive arm 91 moves for-
wards in the machine, i. e. to the left in Fig. 16
and upwards in Fig. 3 respectively, and engages
the projection 8Ta on the operating slide 81 to
move the latter in the direction of the arrow
D. The flap 81b of this slide then strikes the
catch 59a (Fig. 2) of the lever 58 which is turned
counterclockwise in Fig. 2 and now via the pin
61 draws the multiplier storage rotor back to its
position of rest, i. e. extreme right position. The
-locking surface 45a (Fig. 3) acts upon the oblique,
beveled surfaces of the teeth (07 so that the
locking device 106 is disengaged from the storage
rotor.

In the manner indicated ahove the clearing
wedge 52 of the storage rotor will be displaced
to the left by the operating slide 87 via the lever
83 so that the disks 39 are cleared and succes-
sively have their recesses 39d engaged by the
edge B0f of the locking bar (Fig. 5) and are
locked in the zero position by it. Before the
beginning of the clearing operation the left part
(that is: the part to the left of the recess 506
in Figs. 10 and 5) has been lifted out of en-
gagement with the recesses 39¢, 39d in those
disks which are located to the left of the re-
cess 50b; this is effected in the manner described
above due to the fact that the finger 51 via
the projection 5la acts upon the cam slot 50e
at the displacement of the clearing wedge 52
to the left. It should be observed that when the
locking bar 50 is rocked upwards in Fig. 5, the
edge 50f is not disengaged from those disks 39
located at said edge which are not set. It should
be pointed out that the motion of the clearing
wedge is sufficiently great so that the disks 39
are cleared when they pass the locking de-
vice 53a, i. e. the motion is at least equal to
the combined width of all multiplier storage
wheel orders. Now the locking slide 64 engages
the pin 6% (Fig. 2) so that the rotor 34 is cleared
and is coupled again with the step shifting
mechanism of the main actuator rotor 32. The
operating slide 87 and thus also the clearing
wedge 52 and the locking bar 50 return tc their
positions of rest under the actuation of the re-
turn spring 89 (Fig. 3).

The feeler

In the stationary U-shaped bearing member
48 a shaft 120 (Figs. 1-3, 5 and 17-19) is mounted
which has an chlong groove in which a key (21
is inserted. Along a part of its length said key
has a number of teeth 122 and the feeler arm
123 is displaceable along the shaft. The key
121 prevents the feeler arm from rotating around
the shaft (20, and in the embodiment shown
the feeler has the shape of a U-shaped member
123, the two legs of which are pushed on the
shaft 120. One leg of the feeler has a bent over
lug 124 which when the feeler is rocked clock-
wise in Fig. 1 strikes against one of the shoulders
39¢, 39f on that feeler disk which is immediately
in front of the feeler lug or projection 124. The
amount setting previously made in this denomi-
nation of the storage rotor determines which
of the shoulders 39e¢, 39f is in the path of rota-
tion of the feeler projection 124, and the ro-
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tation of the shaft 120 from its position of rest
until the feeler 123, 124 strikes against one of
the shoulders 39¢, 397 is thus determined by the
numerical value entered in that denomination
of the storage rotor.

On the feeler 123 a step shifting pawl 125 is
pivoted on a pin or rivet 126 (see particularly
Figs. 5 and 9) being actuated by a tension spring
121. This spring presses the projection or lug
{25a¢ of the pawl 125 towards an edge of the
feeler 123. The feeler 123 is actuated by a ten-
sion spring 128, one end of which is fixed to a
pin 129 on the feeler and the other end to a
pin 120a on the shaf{ 120. The spring fends
to move the feeler in the direction of the arrow
C but is normally prevented from doing so be-
cause the tooth 125¢ on the pawl {25 engages
one of the teeth 122. On the shaft 120 a U-shaped
contact member {30 (Figs. 1-3, 5 and 5A) is
pivoted. It is drawn to its position of rest by
a spring 136e (Fig. 5A) in which position the
pin 130b of that U-shaped member engages the
shoulder 48¢ (Figs. 5A and 8B) on the U-shaped
member 48.

“When the shaft 120 rotates counterclockwise
(Fig. 1), the projection 125a on the step pawl 125
strikes the shoulder 130 and is thus rotated clock~
wise (Fig. 9). The tooth (25¢ is then disengaged
from the corresponding tooth 122 and the spring
128 draws the feeler 123 a distance in the direc-
tion of the arrow C until the feeler is stopped
again because a second tooth 125b on the step pawl
125 strikes against the same tooth 122 from which
the tooth 125¢ has just been disengaged. When
the feeler 123 is moved (clockwise in Fig. 1) back
to its position of rest, the spring 127 draws the
step pawl back counterclockwise (Fig. 9) so that
its tooth 125b is disengaged from the tooth 122
just mentioned, and the feeler is drawn a further
distance to the left by means of the spring 128
until the tooth 125¢ engages the next tooth {22.
‘When thus the shaft 128 has been rocked once
to and fro (first counterclockwise and then
clockwise in Fig. 1) the feeler 123, 124 has been
moved axially one step, i. e. the same distance as
the axial distance between two disks 39. The
rocking of the feeler {23 to and fro for a feeling
operation thus also effects that the projection
{24 is shifted one step from one feeler disk 39
to the next one. Thus, the rotor 34 stands still
during the feeling procedure, but the feeler arm

- 123, 124 is shifted stepwise simultaneously with

the actuator rotor 32.

A special clearing or restoring arm 131 (Fig. 3)
pivoted on the stationary pin 132 is arranged for
returning the feeler 123, i24 to its position of
rest (its extreme right position).

‘When the two rotors 32 and 34 are bheing
cleared, the arm {31 is actuated by the clearing
drive arm 9if (Pigs. 1 and 16) to be swung anti-
clockwise in Fig. 3. The fork-shaped end 13ia
of the arm 131 grips an edge of the feeler 123,
which thus will be returned to its position of rest
(extreme right position) when the arm (31 is
swung counterclockwise as just mentioned. When
the 0 key 20 (Pig. 17) is depressed, this will thus
effect clearing of the rotors 32 and 39 as well as
return of the feeler 123 to starting position.

At the right end of the shaft {20 an arm 133
(Figs. 3, 5, 17-19 and 27A and 27B) is fixed which
a tension spring 134 tends to draw clockwise in
Figs. 17-19. Furthermore, a gear segment 135
is pivoted on the pin 188a, which is fixed on the
end plate 188 of the machine (see Figs. 3 and 17).
(The pin 188a and the shaft 120 are coaxial.)
This gear segment is provided with three project-
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ing shoulders 135z, 1350 and {35¢ for striking
the edge of the arm 133, and the surface 137a
and the correction arm (40, respectively. The
surface 131¢q is provided on the swinging arm 137

which is pivoted on the stationary pin 136 and -

has a slot in which a pin 138 on the arm 338 slides.
The surface 18Ta forms a curve or cam surface
on which the shoulder [35b slides when the shaft
120 is rotated. Said surface prevents the shoul-
der 135D from leaving the arm 133 at the quick
‘swinging motions concerned. At these motions
the gear segment 135 will thus exactly follow the
motions of the arm 133. A tension spring 139 is
fixed between the arm 133 and the gear segment
135. A lug 135¢c projecting from the gear segment
engages, when the segment is inits position of
rest, a shoulder {46c on the correction arm {49
whieh is rockably journalled on the stationary
shaft - 141. A tension spring 142 tends to move
this arm clockwise - (Fig. 17). However, this
movement is normally prevented by the bead 140c
on the correction arm 140 resting on the shoul-
der 138¢c of the gear segment 135.

The teeth of the segment {35 are in perma-
nent. mesh with a counting gear wheel 143 which
is pivoted on the pin 144 on the hig arm 145. The
feeler system consisting of the feeler proper 123,
124 (Figs. 1 and 19), the shaft 120 (Figs. 17 and
19) and the parts 133, 135, 143 is so dimensioned
that the counting wheel 143 is rotated forwards
‘one step (one tooth) when the feeler projection
124 (Figs. 1 and 19) strikes against a disk 29 in
which the number “1” has been set (cf. Fig. 6).
- If the disk 39, in the denomination concerned
has been set on “2,” the gear wheel 143 is moved
two steps ete. ete. always on the condition that
at the beginning of its turning motion the gear
segment 135 with its projection 135¢ rests.on the
shoulder 140¢ of the correction arm 148 (cf. Fig.
27A; this is the 4 position of the eorrection arm).
But, if at the beginning of its turning movement
the gear segment I35 with its projection (35¢
rests on the shoulder 140b (cf. Fig. 27B; this is
the — position of the correction arm), the gear
segment has been moved back exactly one piteh
(one step or tooth) in relation to the counting
gear wheel 143 so that the distance between the
arm: 33 and the projection 135z of the gear
segment is reduced almost to naught. In the
position of rest of the feeler arm {24 (Fig. 1)
the distance between this arm 124 and the shoul-
der 39%¢.on a feeler disk which is set on “0” corre~
sponds to a rotation of the gear segment of one
tooth (or in the practice slightly more). This
means that, when the projection 135¢ of the gear
segment contacts the shoulder (498 and the arm
124 moves towards a feeler disk 39 set to the nu-
meral “0,” the gear wheel 143 will be: rotated
1+0=1 step; for a disk set to the numeral “1” the
gear wheel 143 is in an analogous manner rotated
1+4-1=2 steps ete. For a disk set to the numeral
“9” said gear wheel is therefore rotated 9+1=10
steps=a whole revolution (360°).

To the gear wheel (43 a cam disk 14§ is riv-
eted against the periphery of which a setting slide
147 (see also Figs. 20, 21 and 28A—C) rests. This
slide is provided with pins 148 entering oblong
slots in the big arm 145 so that the slide is dis-
placeably mounted on said arm and is urged by
a tension spring 149 to contact the periphery of
the cam disk 145. The cam disk {45 has three
different radii, and -the slide (47 will "conse-
quently assume three different positions a, b, c
determined by said radii (see Figs. 28A, 28B and
28C, respectively).
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Position ¢ (Figs. 17, 18 and 28A) corresponds
to a rotation of the gear wheel {43 of “0” steps
or (what is the same as respects angle) 10 steps
from its position of rest. Position b (Fig. 28B)
corresponds to a rotation of the gear wheel 1-5
steps from the position of rest, while if the gear
wheel has been rotated 6 to 9 steps, the slide
147 reaches its position ¢ (Fig. 28C).

This slide is provided with a projecting shoui-
der {47a which, when the slide is inits position a
(Figs. 17, 18 and 28A), actuates the shoulder (508¢
of the arm 152 pivoted on the pin 135.. The slide
2lso has a shoulder 1470 which actuates the pro-
jecting shoulder {5{a of the small slide {51 which
is displaceably mounted on the pins (52 fixed on
the swinging arm 140. A teusion spring 153 tends
to hold the slide f%{ in its zero position. The
shoulder {8la is actuated by the shoulder 147b
of the slide 147 only when the slide 147 is in its
position b, which is shown in Figs. 19 and 28B.
The setting slide 147 is also provided with a pro-
jecting portion {47¢, which, when this slide is
in its position b (Figs. 19 and 28B) or ¢ (Fig. 28C)
actuates the two arms [54 (Fig. 18), {55 (Fig. 19)
and rocks them counterclockwise when the arm
145 is lifted i. e. oscillated in a clockwise direc-
tion. The setting slide 147 finally has a fourth
shoulder 147d, which may be hooked up on a hook
or pawl 156, which is pivoted on the pin {57 fixed
on the arm {45 and which is actuated by the ten-
sion spring 148. The two arms 154, 155 are
mounted on the shaft {58 (this shaft is identical
with the shaft 77 in the U. 8. Patent No.
2,488,011). To the arm (58 one end of a ten-
sion spring {59 is fixed, the other end of which
is fixed to the pin 188 of the minus-multi-revolu~
tions key 4. This spring presses the edge of the
arm 134 to engage the pin 180, as will be seen‘in
Figs. 18 and 19. If the arm 154 is rocked counter-
clockwise (by the setting slide {47 in the manner
described above) in Figs. 18 and 19, this move-
ment will be transmitted to the minus-multi-
revolutions key i4 by the spring 158, The pin
{61 (Fig. 18) which is riveted to the plus-multi-
revolutions key {5, engages the edge of the arm
55 under the actuation of a tension spring 162,
which serves to transmit motion from the arm 155
to the 4 key 15, (The plus-multi-revolutions key
15 and the minus-multi-revolutions key 14 may
be identical with the keys 75 and 76 respectively
in the U. 8. patent application Serial No, 534,288).
The arm (59, which is pivoted on the stationary
pin {36, is bent in the shape of a U and carries
at its opposite end (Fig. 18) an arm 1500, which
acts on an impulse arm 163. When rocked clock-
wise as seen in Fig. 16, this arm (which is iden-
tical with arm 86 in U, S. patent application
Seria]l No. 534,288) causes the rotor 32 to be
stopped in a well-known manner in its full-cycle
position and also causes the step shifting of this
rotor to be started (see U. S. Patent No.
2,483,011). On a pin 164 a bell-crank lever (65
is pivoted being held in its normal position by
a hair needle spring {66, the two legs of which
rest from two directions on the pin 167 fixed on

“the arm 150 as well as on the projecting lug 168 of

the bell-crank lever 165, The bell-crank lever or
hook 155 may thus yield resiliently in both direc-
tions.

A pin 189 is riveted to the cam disk 14§ fixed
on the counting wheel (43. When the big arm
{48, on which the shaft 144 for the cam disk is
mounted, is lifted (clockwise in Figs. 17 and 18)
in the manner described in detail below, this pin
169 is moved upwards in the direction towards the
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bell-crank lever {65. If now the cam disk 146 is
in its zero position (Figs. 17 and 18), the bell-
crank lever (65 is not actuated. But if the cam
disk 165 is in another position (say, in the posi-
tion shown in Fig. 19) and is rotated back to its
zero position while the arm {45 is in its raised
position, the pin 169 acts upon one of the sur-
faces 165¢ or 165D of the bell-crank lever 165
irrespective of the direction of the rotation. Due
to this the arm 150 is lifted, which in the manner
indicated above, causes the actuator 32 to be
stopped in its full-cycle position and to be shifted
one step.

Counting tooth and revolutions counter actuator

On 2 shaft {71 rotatably mounted in the ma-
chine frame 170 (Fig. 23) a counting tooth 172
is fixed. Shaft 171 is provided with a periph-
eral groove engaged by a plate {13 preventing
displacement of the shaft in its longitudinal di-
rection. In the manner shown in Fig. 23 the shaft
{11 is permanently connected with the shaft 174
of the revolutions counter actuator (this shaft is
indicated by 218 in the U. 8. Patent No.
2,398,286). The shaft 1Tl will follow the rotation
of the shaft {74 but simultaneously the slotted
coupling allows the necessary axial displacement
of the shaft 174 in relation to the undisplaceable
shaft {7t. The counting tooth or actuator 172,
which always rotates in the same direction as
the quotient tooth or revolutions counter actu-
ator fixed on the shaft 174, advances the gear
wheel 143 one tooth for each revolution of the
shaft {74 when the arm (45 is in its raised posi-
tion and for this reason the counting wheel 143
mounted on said arm is in the path of rotation
of the counting tooth 1712. But when the big arm
145 is in its lowermost positicn, the counting gear
wheel (43 is not actuated by the eounting tooth
112,

Drive mechanism for the feeler

Via the gear wheel 116 (Fig. 22) the shaft
{15 is directly coupled with the driving motor
of the calculating machine and rotates clock-
wise (PFigs. 17-19). «(In U. 8. Patent No.
2,488,011 the shaft {75 is indicated by 13 and
the gear wheel {16 by 12a). On shaft 115 a
disk 177 is fixed which is provided with teeth
(Figs. 22 and 17). The disk is keyed on the
shaft 115 and follows the rotation of that shaft.
A spring washer 118 prevents the disk (1T from
being displaced in the axial direction. Shaft
{15 rotates in the bushing 179, and on said
bushing there is mounted another bushing {80.
The cam disks 181 and 182 are riveted to said
second bushing (80. The arm 137 engages cam
disk 181 (Figs. 22 and 17-19) and the big arm
145 engages cam disk 182, In the right end of
the outer bushing 180 a disk 183 is fixed on
which a coupling pawl 184 (Fig. 17) is pivotally
mounted on a pin (85. A tension spring 186
tends to draw the coupling hook {84 to engage
the tooth 17171 driven by the driving motor of
the machine, and when they engage each other
the disk 183 and the cam disks 181, 182, which
are rigidly connected with said disk, are coupled
to the shaft 115 which is driven by the motor
at the operation of the machine, so that the
cam disks rock the two arms 137, 145.

However, the coupling pawl 184 is normally
kept locked in its position of rest, and thus out
of engagement with the tooth {11, by a stop
pawl (81 (Figs. 17 and 22) a projecting lug
i81a of which engages and locks the pawl 184.
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The stop pawl 187 is pivoted on the pine 189
fixed on the sheet metal end wall {88 (Fig. 17)
and is actuated by a tension spring 190 which
holds the pawl in its locking position. When
the stop pawl {87 releases the coupling pawl
184, the disk 183 and the cam disks 181, 182 are
rotated about half a revolution, at which po-
sition. they are stopped by a stop hook 191 a
projecting lug 191e¢ of which engages the cou-
pling pawl 184 and disengages the same from
the toothed disk {171. The stop pawl 191 is
pivoted on a pin 192 fixed on the sheet metal
end wall {88 (F'ig. 22) and is normally kept in
its locking position (for engagement with the
coupling pawl 184) by a fension spring 193, but
its raised from its engagement with said cou-
pling pawl when the arm (50 is raised and the
pin 194 fixed on said arm strikes the edge of
the stop pawl (91. On the big arm 145 a stop
pawl 195 for the counting gear wheel 143 is
pivotally journalled on a pin 196 (Figs. 18 and
19). This stop pawl is urged to engage the
gear wheel (43 by a tension spring 191. One
end of said tension spring is fixed on the stop
pawl 195 and the other end to the machine
frame (the sheet metal end wall 188), and there~
fore this spring at the same time serves to hold
down the big arm {45 against the cam disk 182.
The gear wheel pawl {85 is lifted out of its en~
gagement with the counting wheel (43 by the
cam disk 182 which acts on the contact surface
{954 of the S-shaped pawl 195.

To start the automatic multiplication. the op-~
erator depresses the = key 1T which then ac-
tuates the swinging arm 198 (Pigs. 3 and 4
which is pivoted on the stationary pin 189. Nor-
mally, this swinging arm is held in its inop-
erative position shown in Figs. 3 and 4, by a
tension spring 200 which is stretched between
said arm and the swing arm 102. When the
arm 198 is rocked due to the depression of the
key 17, a pin 201 riveted to said arm acts on a
link 202 which is pivoted on the stationary pin
203. During this operation the edge of the link
202 strikes the pin 10 and the arm rocks the
locking member 106 to engage the locking sur-
face 45a.

At its right end the link 202 is shaped as &
fork 202a¢ which encloses the lower end of a
multiplication operating arm 204 (Figs. 3 and
17). When the key 17T is depressed the arm 204
will consequently be swung counterclockwise (in
Fig. 17) on the arm 115 on which it is pivoted,
so that the link 205, which is pivoted on the
pin 206 riveted to the arm 204, is lifted. This
link now lifts the front (in Fig. 17 the left) end
of the pawl 187 the forked end of which em-
braces the link 205 and is in engagement with a
notched portion thereof. At the same time the
link 205 also lifts the hook 156, because the link
strikes the lug 156a of this hook. At its lower
end the link 205 is enclosed by the forked end
of the disconnecting arm 207 (Figs. 3 and 17)
which is pivoted on the pin {08 and has two
striking edges 2071a¢ and 207Tb. Said edges are
actuated by the projecting flap 208a of the
lever 208, which is pivoted on the pin 209¢ which
is fixed on a flange on the left end wall 44 of
the storage rotor 34 (cf. Figs. 5 and 26). The
lever has a circular slot engaged by the pin 209
on the same flange to guide the lever. With
its other end the lever 208 engages the feeler
123 and is actuated by the latter when it is”
moved in the axial direction.
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Plys-minus selector :

The plus-mihus selector 21{ is rockably jour-
nalled on the pin 210 (Figs..3 and 4) on the
bottom plate 1804 and is actuated. by a tension
spring 2i2 which presses the selector to rest
against the correction arm 140 if ‘the latter is
in its -+ position shown in dotted lines in Fig.
4. But if the correction arm. (40 .is in its —
position. shown in Fig, 3, a pin 213 riveted to
the selector 2l{ engages the edge of the re-
cess 104q in the plate 184 (Fig. 4). When the
correction arm (46 is in its - position; the lug
{3bc rests on the shoulder 146¢ on said arm, as
shown in Fig. 17. But in the — position of the

correction arm, the:lug {85c. rests against the’

shoulder {490 on this correction arm. (The dif-
ferent positions of the parts 149, 2/1 are also
shown in Figs. 3A.and 3B.) -

On a pin 213 is pivoted the locking membeyr 2 {4
(Figs. 3A, 3B and 4) the front end (in Fig. 3A
and B upper end) enters a slot in a link 215 which
is displaceably and also to some extent rockably
mounted on the pins 21§ fixed on the bottom plate
104, . At its rear end the locking member 214
is provided with an upturned lug 214a (see also
Fig. 24) which in certain positions of the locking
member locks the plus-multi-revolutions key {5
50 that the same cannot be depressed. A recess
in the link 218 is engaged by an upturned flap
198¢ on the arm {98 when the machine is coupled
for automatic minus multiplication, as indicated
in dot-and-dash lines in Fig. 3. When the oper-
ator depresses the — key 17, this key strikes
against the arm (98 (Fig. 4) and roeks this arm
counterclockwise which causes the link 215 to be
displaced in the direction of the arrow H. The
locking member 214 will then assume the position
IIT and IV .respectively (Fig. 3B) according as
the correction.arm 149 stands in its -+ position
and — position respectively. If then the correc-
tion arm 148 is in the -- position, the 4+ key 15
is locked (position IIT in Fig. 3B).

At normal multiplication (plus multiplication.

or positive multiplication) the reversing arm 217
(Figs. 3:and 25) for the revolutions counter-actu-~
ator (this arm substantially corresponds to the
arm 225 in the U. S. Patent No. 2,398,286) is in
its rear. position shown in full lines (. e. lower
position in Fig. 3 and left position in Fig. 25,
respectively), and now acts on the contact surface
2150 on the arm 215, which thereby is swung
backwards in the machine to its position shown
in full lines in Figs. 3 and 4 and is locked in this
position against displacement in its longitudinal
direction (i. e. the lateral direction in the ma-
chine) by the engagement of the ping 215 with
the front (in Fig. 4 upper) parts of the slots in

the arm: At the same time the arm 215 leaves

its engagement with the projection 198¢. In this
position of the arm 215 the locking member 214
assumes the position I and IT respectively in Fig.
34, according as the correction arm 14§ is in’its
-+ position and — position, respectively. From
Fig. 3A it is apparent that the 4+ key is stopped
when the correction arm 140 is in its — position,
but is free when said arm is in its + position. It
should be observed that the — key {4 is never
actuated by the locking device.

Mode of operation

In a calculating operation the described de-
vices operate in the following manner:

Suppose that the number “97,042” is to be plus
multiplied (multiplied in the positive direction)
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by a multiplicand of arbitrary value (within the
limits of the:capacity of the machine). First
the number “97,042” is set as multiplier by means.
of the keys 0-9, as has been explained above
under the heading: Setting the Multiplier, and
then a multiplicand is set, as described above
under the heading: Setting the Multiplicand.
During this operation the disconnecting lever {9
must be in its left position in order to obtain.
the correct step feeding direction for the two
rotors 82 and 34. The operator now depresses
the = key {7 manually.

In the manner described above the lever {87
will now be moved out of engagement with the
coupling pawl {84 which is now swung to engage

he tooth 177. The depression of the = key 11
also causes the arm 264 to be swung counter-
clockwise in Fig. 17 so that its projecting lug
204q lifts the pin 218 (Figs. 16 and 17) whereby
in well-known manner the contacts for the elec-
tric molor are closed (the pin 218 is identical with
the pin 332 on the arm 33! in the U. S. Patent
No. 2,398,286) so that the motor starts and, via
the coupling {77, {84 which has been thrown into
gear, drives the disk 183 and the cam disks (81,
(82 (Fig. 22). During this operation the cam
disk 182 (Fig. 19) moves the stop pawl 195 out
of engagement with the counting gear wheel 143.

At the same time the cam disk {8{ swings the
arm 187 engaging the same, said arm swinging
the arm {33 (via the pin 138) clockwise in Figs.
17-19. (The tension spring 134 presses the arm
£37 to engage the cam disk (8{). When in this
manner the arm (33 has rocked the feeler shaft
138 slightly more than one step (pitch), the arm
{33 during its clockwise movement strikes the
shoulder 185a so that the gear segment {35 begins
to be rocked clockwise. Then the shoulder 135b
slides on the surface §27¢ so that during the whole
rocking movement the shoulder {3%¢ rests against
the arm {3838. Thus, the gear segment does not
leave the arm 133. Consequently, the shaft {20
rocks the feeler 123, 124 towards the first storage
digk which now is to be felt. In the example
chosen this feeler disk is set at the numerical
value “2.”° At the rotation of the gear segment
135 the shoulder 38c lets loose the bead {40c on
the correction arm 148 a short time before said
segment has been rotated one step and the arm
148 is swung by the spring {42 clockwise to'its
— position in which the projection 135¢c engages.
the contact surface 140b.

When the feeler arm 123, 124 is stopped by that
shoulder on the storage disk which corresponds
to the numercial value “2,” the counting gear
wheel {43 has been rocked a distance corre-
sponding to two teeth. The. slide (47 moves to
its position b (Fig. 28b).  After the time interval
which would have besn necessary for the feeler
to move against the storage disk in order to feel
the numeral value “9,” the latch 185 is liberated
from the cam disk {82 and is swung by its spring
187 to engage the counting gear wheel {43 and
lock the same. 'Then the cam disk {82 swings the
big arm 145 clockwise in Fig. 17 The coupling
pawl {84 is caught by the arm 19i so that the
coupling {84, {77 is disconnected and the cam
disks 181, 182 stop in mid cycle position. - The
counting gear wheel has niow been rotated two
teeth counterclockwise (and been locked in its
new position). Asthe slide {47 now is in its posi-
tion b, its arm 147a passed by the projection 150a
without actuating the same (when the arin'was
rocked clockwise). But the projection- 1416 of
the slide {47 via the small slide 151 getuates the
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correction arm (40 and moves said arm back

to its 4 position. The shoulder 14Tc of the slide
{47 lifts the arms 154, 155. As the locking mem-
ber 214 is in the position I (Fig. 3A) and thus the
-+ key 15 is not locked, said key as well as the
key 14 follow the swinging motion of the arms
154 and 155, respectively. In well-known man-
ner the rotor or actuator 32 will now start in
-+ revolutions (as described in detail in the U. S.
Patent No. 2,488,011; the coupling rods 28 and 29
in this patent are liberated when the just men-
tioned plus-multi-revolutions keys are swung,
and at the moment when the keys are actuated
by the slide 147 the pusher 23 indicated in said
patent is in such a position that it engages the
-+ coupling bar 28 so that the actuator is started
in -+ revolutions). Consequently, the counting
tooth 1712 also rotates in plus revolutions, i. e.
counterclockwise in Fig. 17, and thus begins to
count the counting gear wheel 143 back to zero,
one step (=one tooth pitch) for each revolution
of the shaft 174 of the revolutions counter-actu-
ator. When said wheel is rotated the last step,
the pin 169 (Fig. 18) which is rigidly connected
with said gear wheel, strikes the left (front) arm
165¢ so that the arm (50 is swung upwards and
thereby, in the manner described above under the
heading The Feeler, disconnects the motor from
the actuator 32, the rotor 32 stops in its full-

cycle position and starts an automatic step shift- . 3

ing. The pin 194 raises the hook {91 (counter-
clockwise in Fig. 17) so that the coupling 184,
{171 is brought into engagement again and the
cam disks {81, 182 begin to rotate again. Now
the cam disk (81 lifts the arm 137 (clockwise)
which rocks the feeler 123, 124 back to its posi-
tion of rest. However, the right part of the cam
181 first swings the arm {37 further clockwise
in Fig. 17 which, in the manner indicated above
under The Feeler, via the parts 125q, 131 (Fig. 1)
causes 2 step shifting of the feeler 123, 124.
Meanwhile the gear segment (35 has been stopped
by the shoulder i48a (Fig. 18). The big arm 145
falls down again (counterclockwise in Fig. 18)
and the counting gear wheel 143 is again brought
into mesh with the gear segment (35. When
the coupling paw! 184 passed by the locking arm
181, the pin (45¢ of the arm 145 held the arm 264
raised by striking against the edge of said arm
204, and the cam disks {81, 182 are thus not
stopped in their rotation because the arm (87
cannot release the coupling pawl 184.

The arm 45 can not fall down again until
after the point of the coupling pawl {84 has
passed by the projection i87a. The feeler 123,
124, which has been step shifted meanwhile, is
now driven by the spring 134 towards the shoul-
der on the next feeler disk on which the nu-
meral “4” is set. The counting gear wheel 143
is now advanced four steps and the actuator 32
runs four revolutions in an analogous manner,
after which it is stopped and shifted one step
just as was the feeler 123. (The storage rotor
34 stands still during the whole feeling opera-
tion). The gear segment stops again when it
strikes the shoulder i40a.

Now the next numeral, which is “0” in the
example selected, is felt in the storage rotor 34.
Therefore, the slide 147 is in the position ¢ dur-
ing the feeling operation. The bead or projec-
tion 140c on the correction arm (40 then engages
the projection 135¢ from above and thereby pre-
vents the correction arm 140 from falling down
because the gear segment 135 has not moved from
its position of rest. When now the big arm [45
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is lifted, the shoulder 147¢ on the slide (47 strikes
against the shoulder i50¢ so that the actuator
32 is shifted one step. As the arms 154, 155 are
not actuated, the actuator 32 is not started
again. The hook 191 having been lifted by the
pin 194, the coupling {71, 184 remains in gear,
and therefore the next numeral, which is “7,” is
felt in the feeler rotor 34. )

During this operation the counting gear wheel
is rocked seven steps in an analogous manner,
and the slide 147 comes consequently to its posi-
tion c¢. The arm {46 falls down but will not be
raised again because, when the slide is in its posi-
tion ¢, its shoulder [4T1b passes by the projection
151a without actuating the same. The arms 154,
155 are swung out again by the projection 147c
but, as the arm 140 is in its — position (cf. Figs.
3A and 3B) the + key {§ is locked, while on the
other hand the =+ key 14 is actuated. The actu-
ator 32 is therefore started in — revolutions .(see
the arrows in Fig. 1), i. e. clockwise in Figs. 1
and 17. The counting tooth 1712 consequently
now rotates clockwise and thus drives the count-
ing gear wheel 143 back to zero in the counter-
clockwise direction, thus 10—7=3 steps, and when
this has taken place the arm 165 stops the ma-
chine again in the manner described abhove. The
following figures are now visible in the revolu~
tions counter 99997042,

When now the gear segment 135 goes back
counterclockwise, it is stopped by the shoulder
140D and is thus arrested in a position which is
displaced one tooth in comparison with the pre-
vious position of rest of the segment (with the
projection 135c against the shoulder 1408a).
When now the last numeral, which is “9,” is felt
in the feeler rotor 39, the counting gear wheel
{43 will consequently be rocked 1+9=10 steps,
i. e. a.whole revolution. Due to this slide 147 comes
to its position ¢, and when the big arm {45 is
lifted, it only effects step shifting of the actuator
32. The gear sector 135 will then be stopped
again by the shoulder 140b. At the step shifting
operation (to the left in Figs. 3 and 5) of the
feeler 123, 124 which now is taking place, the
feeler strikes against the lever arm 208 which is
swung clockwise and swings the arm 207 clock-
wise in Fig. 3. Due to this the spring 207¢ is ten-
sioned, which has held this arm and thus also
the link 205 in connected position. The link 205
(Fig. 1) is thus swung out of engagement with
the pawl 181 which now becomes free and is
drawn by the spring 196 towards its operative
position for disengaging the coupling pawl i84.
However, this coupling pawl is not disengaged
until said pawl has passed by the projection i8Ta
and a new feeling operation is effected. At this
feeling operation the feeler 123, (24 strikes
against a shoulder 44a (Figs. 1, 3, 5 and 5A) on
the end wall 44 of the feeler rotor. This shoulder
has the same height as the shoulder 89¢ for “0”
on the feeler disks 39. Consequently a feeling
operation for the value “0” is effected. As the
gear segment (35 now is engaging the shoulder
140b, the counting gear wheel thus will be rocked
14-0=1 step at this feeling operation. There-
fore, the slide 147 comes into its position b, the
arm (40 is swung counterclockwise in Fig. 17 and
the actuator makes a -+ revolution and then
s?:ops. The coupling pawl 184 continues the rota-
tion but is caught by the arm 187 and is disen-
gag_ed; it stops with the arm (45 in its lower
position and the arm 137 in its position of rest,

':ll‘:ll;e gear segment is now arrested by the shoulder
a. . . IR
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- It:should perhaps be mentioned that, when the
machine is ‘set for minus multiplication (negative
multiplication or multiplication in the. minus
direction, see the U. S. Patent No. 2,398,286,
issued ‘April 9, 1946) the main actuator rotates
in. + revolutions when the arm 14§ is in its
— position - (the projection {33c resting against
the shoulder 140b), while said actudtor rofates in
— revolutions When the arm {46 is in.its 4 posi-

tion (Fig. 18) ; thus exactly contrary to what is:

the case in plus multiplication. Thus, in minus
multiplication the complementary value of the
product is registered in the accumulator. In
other ‘words, the product is automatically sub-
tracted from the amount already entered into the
accumulator or product register.

As the arm 208 is pivoted on the storage rotor
34 and thus follows this rotor, when the latter is

step shifted, and furthermore the edge 2670 (Fig.:

3) ‘on the arm 2087 in the disengaged position is
parallel with the shafts 48 and 120, disengage-
ment will as & rule take place in the manner just
deseribed because one figure more than the num-
per of figures set in the feeler rotor is felt.. This
additional feeling operation takes place against
the shoulder 44a (Figs. 1, 3,5 and 5A). How-
ever, there is an exception. - The calculating ma-
chine shown in the drawings has eight numeral
wheels in the revolutions counter and- thus also
eight storage disks 39 in the rotor 34. If now
the amount 99999999 is set in the storage rotor

arid the machine is started (after a multiplicand

has been entered, for example), the numerical
value “9” is-felt-on all feeler disks-39.  Conse-
quently, the main actuator and the revolutions
counter-actuator makes-a — revolution in-the first

(lowest) denomination- (when plus ‘multiplica-

tion is effected), the numeral “9” appearing on all
numeral wheels of the revclutions counter. Al

following denominsations in the feeler rotor are:

now felt as 1+9=10 and consequently the main
actuator 32 (and the revolutions counter actu-
ator) only will be step shifted without rotating.
The short-cut multiplication will in this exampie
be efFected accordmg to the: followmg scheme:

“k” 8 7. 6 5.4 3 2 1
1.060 000 0 0 0-1+ revolution
9 9 999 9 99

However, there is no “k” denomination in the
revolutions ccunter for the necessary revolution
of correction (<4 revolution after step shifting to
the eighth denomination), but-the machine must
count 10 revolutions in the eighthi (highest) de-
nomination in order that the correct result shall
be obtained. - To- effect this the arm 287 is pro-
vided with a striking surface.(cam surface) 247a
(Fig.  3), and the projection 208z on the lever
arm 208 is in front of this projection 207a when
the maximum number. (that is: eight in the -ex-
aniple . discussed) of numerals are. set in. the
storage rotor 34. It will be seen from Fig. 3 that
the projection 207q is so high that the feeler 123,
via the arm’ 208 with its projection 288a, will
move the arm 137 by engagement with the pro-
jection 207a as the feeler 123 moves to the feel-
ing position at the last (extreme left): disk -39,
thus when the feeler:i23 is shifted its last step to
the left. From the example of calculation earlier
described in detail it is clear that this step shift-
ing of the feeler 123 is not made until the coupling
pawl 184 already has passed by the projection
t81a. The highest (extreme left) disk 29 is thus
39 is thus felt and the counting gear wheel 143 is
rotated - ten steps.

If the slide (Fig. 17) now
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should work as in-the other cases, it would. first
move to:its position b, then to its position ¢ and
finally back to its position «.
- However, immediately before the feeling of
the last numeral in the feeler rotor 34, the arm
287 has swung the link 205 counterclockwise
(Fig: 17). 'The upper edge of said link passes
freely by the projection {56¢ on the pawl 156
when the arm (45 moves back.. When-at the
last- feeling operation the slide 147 comes to. its
pogsition b (Fig. 28%) the stop pawl 158 falls down
(clockwise in Fig. 17): and engages the. projec-
tion {4%d so that the slide 147 is prevented from .
going back to the position a via the position ec.
(But, when the arm 207 and thus also the arm
265 are in their positions of rest, the upper edge
of the arm 295 moves the pawl 156 away counter-
clockwise in Fig. 17 .and thus prevents this pawl
from engaging the shoulder 147d on the slide 147
and thereby from latching said .slide). Thus, -
the slide 141 is now latched in .ifs position- b.
When now at the cperation of the machine, the
arm {45 is lifted (clockwise), the correction arm
£48 wiil be lifted to its -~ position. This causes
the actuator 32 to be started in 4 revolutions
and, after it has finished ten revolutions, it is
disengaged and all parts of the storage rotor re-
turn to their positions of rest in the manner de-
scribed above. When the arm 45 was lifted, the
counting gear wheel {43 was in its zero position
(position a) -with the pin 188 directed upwards
although the slide 147 had been latched or loeked
in its position b. - Thus, the pin {69 first passes
upwards between the arms 165¢ and must rotate
a full revolution before it swings the stop device
(knee-joint) {85 and thereby lifts the stop .arm
158 'which stops the machine.

After the -automatic multiplication has been
finished, the multiplicand can be read off in the
indicator orsetting register (at 23 in U. S. Patent
No. 2,108,696), the multiplier in the revolutions
counter (at 80 in U. 8. Patent No. 2,108,596) -and
the result in the results register or accumulator
(at 74 in U. 8. Patent No. 2,108,596),

It should be pointed out that if, after .com-
pleted setting of the multiplier (see setting the
multiplier above), the X key 1§ is not depressed
but instead of it the = key 11, the machine effects
an automatic multiplication with one and the
same item (. e, the multlpher set) in the rotor
32 as-well as in the rotor 34. " Thus, the machine
eflects a quadration or squarlng of the number
set.

If it is desired to multiply a number of different
muitiplicands with one and the same:multiplier,
the multiplier is first set at the same time in the
rotors 32 and 34 and the actuator rotor 32 is
cleared by depressing the X key i6. Then the
first multiplicand is set and the product is calcu~
lated automatically, when the = key 17 is de-
pressed. When this operation has been finished,
only the actuator rotor 32 is cleared by depress- -
ing the X key (6, the multiplier remaining set
unaltered in the storage rotor 84, but the feeler
has been returned to its zero position. It is suit-
able to clear the revolutions counter simultane-
ously by means of the clearing arm B (Fig. 3);
whether -also the accumulator is to be cleared
(by means of the clearing arm A) depends upon
the fact if it is desired to accumulate the dif-
ferent, successive produets in- the accumulator or
not. A new multiplicand is now set in the actu-
ator rotor 32 by means of the amount keys--0-9,
and when the = key 7 is depressed again, the
new multiplication is automatically effected with
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the same multiplier remaining in the feeler rotor
34. The procedure may be repeated any nums-
ber- of ‘times with other multiplicands.

If the 0-key 20 (Fig. 17) is depressed, the actu-
ator:-rotor 32 as well as the storage rotor 34 is
cleared.

Thus, the machine has one single keyboard
and one single indicator mechanism or setting
register (at 23 in U. 8. Patent No. 2,108,596).
Yet, it can effect all the automatic operations
of multiplication indicated above.

It should perhaps be expressly mentioned here
that the statements above regarding plus multi-
plication apply also to minus multiplication.
Shifting to minus multiplication is effected in
well-known manner (see U. 8. Patent No.
2,398,286) by means of the shifting button 219
(Fig. 25) which in the U. 8. Patent No. 2,398,286
‘corresponds to the button 234.

In other respects the machine operates as in-
dicated in the U. S. Patent No. 2,398,286. Thus,
it can effect operations of addition and subtrac-
tion (with automatic clearing of the actuator
rotor 32 and also of the storage rotor 34 after
each operation) as well as automatic operations
of division. The machine can also effect semi-
automatic operations or completely manually
controlled operations of multiplication in the
manner which is stated more particularly in said
U. S. patent.

Having now described our invention, what we
claim as new and desire to secure by Letters
Patent is:

1. In a calculating machine for automatic
shortcut multiplication .of the -type in which a
single ten key keyboard is utilized for setting
both a multiplicand actuator and. a multiplier
storage device having a plurality of denomina-
tional orders and in which the settings are di-
rectly proportional to the digital value entered,
in combination, a device for sequentially sensing
the digital amounts set in the individual denomi-
nations of the multi-order multiplier storage de-
vice, means for shifting said sensing device from
one denominational order to another in sequence,
a gear segment operatively connected with said
sensing device, a gear wheel normally in mesh
with said gear segment and rotated thereby at
each sensing operation a number of steps equal
to the digital value sensed said gear wheel being
shiftable to a position out of mesh with said
gear segment, means connected to said gear wheel
for determining the direction of rotation of the
multiplicand actuator in accordance with the
magnitude of the digit sensed, means automati-
cally cperated upon completion of sensing in a
denominational order to initiate cycling of the
multiplicand actuator, a counting tooth driven
by the multiplicand actuator, said counting tooth
being engaged with said gear wheel when said
gear wheel is out of mesh with said gear segment,
said counting teooth serving to count said gear to
jts zero position in a direction dependent upon
the direction of rotation of the multiplicand actu-
ator to thereby effect a predetermined number
of eycles of the multiplicand actuator in a posi-
tive direction upon the sensing of a particular
digital value or a number of cycles in a negative
direction corresponding to the tens complement
of the said particular value, means for terminat-
ing the cycling of the multiplicand actuator upon
said gear wheel reaching its zero position and
means for initiating the operation of said sens-
ing device shifting means to bring about repeti~
tion of the controlled cycling of the multiplicand
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actuator resulting from sensing in the adjacent
denominational order.

2. In a calculating machine for automatic
shortcut multiplication of the type in which &
single ten key keyboard is utilized for setting both
a multiplicand actuator and a multiplier storage
device having a plurality of denominational
orders and in which the settings are directly pro-
portional to the digital value entered, in com~
bination, a device for sequentially sensing the
digital amounts set in the individual denomina-
tions of the multi-order multiplier storage device,
means for shifting said sensing device from ons
denominational order to another in sequence, a
gear segment cperatively connected with said
sensing device, -a gear wheel normally in mesh
with said gear segment and rotated thereby at
each sensing operation a number of steps equal to
the digital value sensed, means for disengaging
said gear wheel from said gear segment, cam
means connected to said gear wheel, a slide
mechanism operated upon by said cam means,
said slide mechanism being effective to determine
the direction of rotation of the multiplicand
actuator in accordance with the magnitude of the
digit sensed, means automatically operated upon
completion of sensing in a denominational order
to initiate ecycling of the multiplicand actuator, a
counting tooth driven by the multiplicand actu-
ator, said counting tooth being engaged with said
gear when said gear is out of mesh with said gear
segment, said counting tooth serving to count
said gear to its zero vosition in a direction de-
pendent upon the direction of rotation of the
multiplicand actuator to thereby effect a prede-
termined number of cycles of the multiplicand
actuator in a positive direction upon the sensing
of a particular digital value or a number of cycles
in a negative direction corresponding to the tens
complement of the said particular value, means
for terminating the cycling of the multiplicand
actuator upon said gear reaching its zero position
and means for initiating the operation of said
sensing device ghifting means to bring about repe-
tition of the controlled ecycling of the multiplicand
actuator resulting from sensing in the adjacent
denominational order.

3. In a calculating machine for automatic
shorteut multiplication of the type in which a
single ten key keyboard is utilized for setting
both a multiplicand actuator and a multiplier
storage device having a plurality of denomina-
tional orders and in which the settings are di-
rectly proportional to the digital value entered,
in combination, a device for sequentially sensing
the digital amounts set in the individual denomi-
nations of the multi-order multiplier storage de-
vice, means for shifting said sensing device from
one denominational order to another in sequence,
a gear segment operatively connected with said
sensing device, a gear wheel normally in mesh
with said gear segment and rotated thereby at
each sensing operation a number of steps equal
to the digital value sensed, means for disengaging
said gear wheel from said gear segment, means
connected to said gear wheel for determining the
direction of rotation of the multiplicand actuator
in accordance with the magnitude of the digit
sensed, means automatically operated upon com-
pletion of sensing in a denominational order to
initiate cycling of the multiplicand actuator, a
counting tooth driven by the multiplicand actu-
ator, said counting tooth being engaged with said
gear when said gear is out of mesh with said
gear segment, said counting tooth serving to count
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said gear to its zero position in’a -direction:de~
pendent upen the direction”of rotation of the
multiplicand actuator. to.-thereby -effect s pre-
determined number ‘of cycles-of the multiplicand
actuator in a. positive direction upon the sens-
ingof a particular digital valué or a-number of
cyclesin a-negative direction corresponding to the
tens‘complement of ‘the said- particular value, a
correcting arm acting on said gear segment, said
correcting arm causing.said gear segment to as-
sumé a position of rest differing by one step from
its normal rest. position when the multiplicand
actuator has been cycled in a negative direction
during operation in the: next lower denomina-
tional:order, means for terminating the cycling of
the multiplicand actuator upon said. gear reach-
ing its'zero position and means for initiating the
operation of said sensing. device:shifting means
to bring about repetition of the controlled cycling
of the multiplicand actuator resulting from sens-
ingin‘the adjacent:denominational order...

4. A magchine ag claimed in claim: 3 character-
ized in that means.are provided for:-reversing the
direction of - rotation of the multiplicand actuator
whereby' a. product having .a. negative: sign ‘is
formed’ for subtraction from the previously ac-
cumulated amount.

5. In a ‘calculating machine for: automatic
shortcut multiplication of the type. in which a
single. ten key keyboard is utilized for setting
both a multiplicand ~actuator and a multiplier
storage. device having a plurality of denomina-
tional orders and in ‘which. the settings are-di-
rectly proportional to the digital value entered,
in.combination, a device:for sequentially :sensing
the digital amounts set in the individual denomi-
nations of the multi-order multiplier storage de-
vice; means for shifting said sensing device from
one’ :denominationak order-‘to: another-in se-
quence, a gear segment operatively connected
with.said sensing device, 4 gear wheel normally
in-mesh with sald’ gear: segment and rotated
thereby at ‘each sensing operation a number .of
steps equal to the digital value sensed; means for
disengaging said ‘gear wheel from-said gear seg-
ment, cam means connected to said.gear wheel,
a slide mechanism operated upon by said cam
means; said slide mechanism -being - effective to
defermine the-direction of rotationr of the multi-
plicand actuator in accordance with the -magni-
tude of the digit sensed, means. automatically
operated upcn completion of sensing in a-denomi-
national order to ihitidte cyecling of the multi-
plicand actuator, a counting tooth driven by the
multiplicand actuator, said -counting tooth being
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-engaged:with said-gear when:said gear:is.out of

mesh with said gear segment, said. counting tooth
serving to count said gear to:its'zero position in
a direction dependent upon the direction of rota-
tion of the multiplicand actuator.to thereby effect
& predetermined number of cycles of the multi-
plicand .actuator in-a positive ‘direction upon the
sensing-of a particular digital value or a.number
of eycles in g negative direction correspondirig to
the tens complement of the said particular:value,
a correcting arm acting on.said gear-segment,
said correcting arm .causing said.gear segment to
assume a position of rest:differing by one step

from: its normal rest position when-the multi-

plicand actuator has.been cycled in a negative di-
rection. during operation in-the next lower de-
nominational-order, means -for terminating the
cycling of -the multiplicand ‘actuator upon said
gear reaching its zero -position and- means. for
initiating -the- operation of said sensing . device
shifting means to-bring about repstition of .the
controlled . cycling: of the:multiplicand actuator
resulting from sensing-in the:adjacent denomina~
tional order.

6. A machine as-claimed in claim 5 character-

- ized in-that-means- are provided- for reversing
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the -direction of rotation of .the multiplicand
actuator whereby - a product-having a negative
sign is formed for subtraction from the previously
accumulated amount,
STURE TOORELL.
ERIK GRIP.
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