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COMPLETE SPECIFICATION

Improvements in and relating to Calculating Machines

We, Cmrister Hawanw, a German
Citizen, of 1, Kénigsweg, Neubabelsberg
near Berlin, Germany, and Dzurscmz
TELEPHONWERKE UND KABELINDUSTRIE
AXTIENGESELLSCHAFT, a German Com-

pany, of 6/9, Zeughofstrasse, Berlin,

5.0.36, Germany, do hereby declare the
nature of this invention and in what
manner the same is to be performed, to
be particularly described and ascertained
in and by the following statement:—

The subject matter of the invention is
an automatic calculating machine in
which, before beginning the operation of
the machine, the whole multiplicand and
multiplier are set up on separate setting
mechanisms, after which these mecha-
nisms act autematically in succession on
two systems of numeral wheels or register
mechanisms on a carriage which moves in
front of the setting mechanisms. In the
first place, one setting mechanism enters
the multiplier in one of the systems of
numeral wheels, and after this the other
mechanism repeatedly enters the multi-
plicand according to the requirements of
the first register in the other system of
numeral wheels, or the so-called product
register. The entry of the multiplier in
the carriage is effected by a single rota-
tion of the machine shaft and this entry
as well as the following multiplication
is effected in a single operating step or
automatic jump which is produced by
depressing a key or by a similar manipula-
tion.

For setting the two factors in the set-
ting mechanisms, there are preferably
employed two full keyboards each of
which possesses in known manner ten keys
for each denomination to be entered. The
complete pre-setting of the two factors has
the advantage that, even while the
machine is operating, the multiplier can
already be altered for the next calculation.
For obtaining multiple products (within
the capacity of the machine) no setting of
the partial results is necessary as is the
case with known machines.

In the case when the digits of the multi-
plier are higher than 5 automatic multi-
plication takes place by the well-known
contracted or short-cut method. By set-
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ting a lever, the operation of the machine

can also be altered in such a manner that &5
the product is entered not additively but
subtractively in the result mechanism of

the slide, that is to say is subtracted from

the number entered in the slide. In this
case also the multiplication takes place by 60
the contracted or short-cut method referred

to.

Owing to the entry of both factors in
their full value before any operation of
the machine and owing to the contracted 65
multiplication and to the entire calcula-
ting process being carried out automati-
cally, the result can be obtained very
rapidly and a minimum amount of mani-
pulation on the part of the calculator is 70
necessary, since this manipulation is
limited to the setting of the two factors
and the depression of the operating key,
if the drive of the machine is effected not
by a handle but by means of a motor, for 75
example an electric motor. This method
of operation is effected by means of an
extremely simple form of driving gear
whereby the cost of manufacturing the
machine is reduced to a minimum. 80

A constructional embodiment of the cal-
culating machine in accordance with the
invention is illustrated by way of example
in the accompanying drawings, in
which : — 85

Figure 1 is a side elevation of the multi-
plier setting mechanism;

Figure la is a partial side view of the
multiplicand setting mechanism

Figure 2 is a plan of the driving 99
mechanism for moving the carriage;

Figure 3 is a front elevation of the
multiplier and multiplicand register
mechanism ;

Figure 41s a side elevation of the appar- g5
atus for setting the reversing fingers for
the multiplier register;

Figures 5, 5a, 6 and 6a show the appar-
atus for carrying out contracted multipli-
cation in different positions; and 100

Figures 7 to 9 show details of the
mechanism for contracted multiplication ;
while

Tigure 10 is a general view of the com-
plete machine. 105

In the first place the method of opera-
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ting {4e machine in the case of the four
litiere nt kinds of calculation will be
Z=sct” bed in broad outlines with reference
to Y1 rure 10,

In the case of multiplication, the com-
plets multiplier is set up on the keyboard
T and the complete multiplicand on the
kevimard T2. The lever B is set to the
lett on the mark M and with the carriage
(r in the left hand position illustrated the
starting key Al is depressed. This causes
the ‘nternal main shaft of the machine
wlizh is not visible in this figure to rotate.
This effects in the first place, by rotating
the main shaft of the machine, the entry
of the multiplier in the register Z1 of the
carriage, the digits of the multiplier
appearing in the sight-holes of ~ this
register. After this the carriage makes a
jump to the right so that the product
register Z2 is located properly in front of
the keyboard T2, and after this the multi-
plication takes place while the carriage Gt
moves forward in steps to the right. The
maultiplication is effected in that the mul-
tiplicand which is set up in the keyboard

9 is entered in the product register Z2
as often as is required by each one of the
successive digits of the multiplier. The
digits of the product appear in the sight-
holes of the product register Z2.

The entry of a new multiplier in the
keyboard T1 is effected either by entirely
cancelling the existing multiplier by
depressing a key L1 (Figure 10) and
setting-up the new multiplier in the key-
board T1 or by immediately undertaking
this last operation, the freshly selected
Lkey in a row then releasing the key in this
row which had previously been locked. A
key L2 for effecting a complete clearance
of the keyboard T2 is arranged on the
right hand side of the machine (Figure
10).

In the case of subtraction and addition
the carriage has not to be driven since
only a single transfer of the subtrahend or
addendum to the product register Z2 takes
place by a single rotation of the main
shaft.

For adding, the first term is set on the
numeral wheels of the product register Z2
of the carriage, these wheels being pro-
vided for this purpose with milled dises
which project outwardly from the casing,
and the second term is then set up on the
kevhoard T2. The lever B is then set to
the mark A, the carriage is set in the
correct position in front of the kevhoard
T2 by drawing the handle H to the right
and the key A2 is depressed.

Subtraction is effected by setting-up the
minuend in the register Z2, entering the
subtrahend in the kevhoard T2, adjusting
the lever B to the mark S, setting the

(i

carriage in the correct position in front of
the keyboard T2 by drawing the handle H
to the right and depressing the key A2.
In the case of division the carriage, as
has already been mentioned, moves from
right to left. The divisor is entered by
means of the keyboard T2. The dividend
is set by hand on the numeral wheels of
the product register Z2 of the carriage.
After getting the lever B on the mark D
the carriage is drawn completely to the
right by hand by gripping the handle H
(Figure 10) after which it is released.
It then at once begins to make its step-by-
step movement to the left. The quotient
from the division is visible in the register

70

75

80

. Z1 of the carriage, whereas the remainder

from the division remains in the product
register Z2.

The invention only relates to the
arrangements for carrving out multipliea-
tion. This is effected, as previously men-
tioned, by abbreviated or -eontracted
methods. Tn the case of so-called nega-
tive multiplication the lever U (Figure
10) has in addition to be shifted,

Tae Mcrrrerier SETTING MECHANISM.

Figure 1 iz a side sectional elevation
taken on the line m—m of Figure 10 of
one element of the multiplier setting
mechanism T,, S,. This element comprises
a row of keys on the keyboard T;, a sta-
tionary gapped dise 3 and a wheel 6 which
is freely movable on the machine shaft v
and surrounds the dise 3. A pawl 5 which
rotates with the machine shaft engages
with the internal teeth of the wheel 6 and
an intermediate wheel 8 on the carriage
(&t is driven by the external teeth of said
wheel 6. The wheel 8 engages a wheel 9,
which 1s of the same diameter, and there-
by correspondingly adjusts the pertaining
numeral wheel 9a of the register Z, of the
carriage which is a well-known revolution
counter. When the multiplier is heing
entered in the numeral wheels, the wheels
8 of the carriage are opposite the wheels 6
of the setting mechanism S,, sinee the
carriage is then loeated in a standard
initial position opposite the mechanism S,. 115

The setting mechanism S, for the multi-
plicands is arranged in axial continuation
of the setting mechanism S;. The shaft
42 (Figure la) of the mechanism S, forms
a continuation of the line of the shaft ¥ 120
of the mechanism S, but is revoluble inde-
pendently of the shaft 7. The setting
mechanism S, for the multiplicand is, as
shown in Figure la, similar to that of the
multiplier setting mechanism. The key- 125
board is indicated by the reference T2

The keys 1 to 9 (Figure 1), the bearings
of which are omitied, act by means of
their stems 2 on the more or less steeply
inclined teeth 2a of a longitudinally mov- 130

85

90

95

100

110
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able rail 2b so that the rail is longitudi-

nally displaced to a greater or less extent

against the action of the spring 2¢ accord-
ing to which of the keys 1 o9 is depressed.

By means of the pin 24 and the double

armed levers 2¢, 2f, which are pivoted at

Rg and 2h respectively, and are connected

together by means of a slot and pin at 23,

as well as by means of the coupling rod 2%

10 which is pivotable at 2m and 2n, the arm
la of a sector 1 is rotated to a greater or
less extent about the shaft 7 and a gap 4
in_the stationary disc 8 is more or less
enlarged. 'When the pawl 5, which is

15 acted on by a spring and is connected with
the shaft 7 and pivoted at ba, is moved in
a _counter-clockwise direction and its
roller 5b thereby enters into the gap 4, the
other end of the pawl engages the internal

20 teeth of the wheel 6 and rotates this by
a distance corresponding to the length of
the gap. The wheel 6 drives the corre-
sponding numera] wheel of the register Z,
of the carriage G through the agency of

25 the wheels 8 and 9 and thus sets the wheel
correspondingly to the multiplier digit.
All the pawls 5 rotate simultaneously so
that all the digits of the multiplier are
simultaneously entered in the register Z,.

30 The movement of the pawl 5 in a
counter-clockwise direction takes place on
the return oscillating movement of the
shaft 7. This oscillating movement of the
shaft 7 is effected by the driving mecha-

35 nism of the machine which is hereinafter

~ described. When the shaft 7 moves in a
clockwise direction, the pawl 5 remains
ineffective since it snaps over the teeth of
the wheel 6. In Figure la the pawl 5 is

40 imagined to be rotating with the rotating
shaft 4e. :

For the transfer of the multiplier from
the setting mechanism to the register Z,
of the carriage, which has just been de-

45 scribed, the carriage is held in its extreme
left-hand position by means of a lever 10
which is pivoted at 106. The lever 10 is
acted on by a spring 10a and engages in a
notch 19a in the base plate 19 of the

50 carriage. This position of the lever 10 is
illustrated in Figure 1 which shows the
setting mechanism S, in its position of
rest in which the gaps 4 in all of the discs
3 are closed.

55 . An electric motor 12 is employed for
driving both the setting mechanisms S,
and S,. The rotor of the motor is axially
displaceable by the distance p (Figure 2).
On the shaft 12a of the rotor is mounted

g0 2 belt pulley 29a which is freely revoluble
on the shaft and is secured against axial
displacement by a fixed fork 28." One
part 29 of a clutch is fast on the rotor
shaft and the other part 29¢ of the cluteh

65 is connected with the pulley 292. On the

14

shaft 12b which is connected by a coup-
ling member 12¢ with the shaft 12a which
always rotates in the same direction is
mounted a worm 16e¢ which engages a
worm wheel 16 (see Figures 1 and 2). The 70
worm. wheel 16 rotates the shaft 14a with

it through the agency of a coupling 14
when, after setting the factors on the key-
boards, the key A, (see Figure 2) is
pressed. On pressing the key A;, a double- 75
armed lever 13 which is pivoted at A, and

is linked to the shaft of the key A, at A,,
releases the hook 134 which is thus freed
from the stop 27 on the coupling 14 and
thereby sets the coupling free to come 80
into engagement. To the coupling 14 is
fixed a crank dise 17 which drives the
rails 15 and 20 through the agency of the
crank pin 18. The dise 17 rotates in the
direction indicated by the arrow in Figure 85
2.

On pressing the key A, a roller A, of
insulating material which is fixed on the
extended shaft of the key closes the con-
tact 51 which makes the circuit to the 90
motor. This contact remains closed
during the first half-rotation of the disc
17. For this purpose the dise 17 is pro-
vided with two notches 17a in which, when
the machine is in its position of rest, a 95
pin 13b fitted on the lever 13 engages.

As soon as the disc 17 begins to rotate
after the key A, has been pressed, the pin

13b rests on the edge of the disc 17. Con-
sequently, the key A, holds the contact 51 100
closed against the counter pressure of the
contact-spring for the duration of a semi-
rotation of the disc 17.

During this first semi-rotation of the
disc 17, the multiplier which has been set 105
by the keys T, in the settihg mechanism
S, is entered in the numeral wheels of
the register Z, of the carriage. This is
effected by means of a connecting rod 20
which is linked to the disc 17 which moves 110
a rail 20b which is coupled to it by means
of the pin 20a backwards and forwards in
a straight line in the bearings 20d. To
the rail 205 is linked, by means of the rod
20c an arm 26 of a sector 265 which can 115
turn about the pivot 105 and engages a
toothed wheel of the setting mechanism S,
and, when the rail 206 is moved backwards
and forwards, imparts to the shaft 7 of
this mechanism and to the pawl 5 con- 190
nected to it an oscillating movement which

_effects the transfer of the multiplier to

the register Z. of the carriage, as above
described.

After a semi-rotation of the crank disc 195
17 the hook 134 on the lever 13 engages
the second stop 27 on the coupling 14.
The coupling connection between the
worm wheel 16 and the disc 17 is thereby
broken. At the same time, the pin 135 180
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on the lever 13 falls into the second notch
17a, so that the key A, is returned into
the position of rest and the contact 51 is
opened. The motor, therefore, is switched
off and stopped.

The shaft 12a of the rotor which, as
above mentioned, is displaceable longitu-
dinally to the right together with the shaft
120, is displaced by the distance p to the
right when the motor is started, owing to
the fact that the worm wheel 16 is at first
held fast owing to the resistance of the
parts to be moved by it. Consequently,
at the beginning of the rofation of the
worm 16a a longitudinal displacement of
the shafts 12a, 1256 takes place to the right
against the action of the spring which
surrounds the bolt 31, and the shafts 12a
and 125 remain in this displaced position.
Therefore, the part 29 of the clutch is
released from the part 29¢ which is fixed
to the pulley 29a. Consequently, during
the first semi-rotation of the disc 17, that
is during the subsequent transfer of the
multiplier to the carriage the pulley 29a
does not rotate and the multiplicand set-
ting mechanism S, is not driven. In this
way the two sefting mechanisms S, and S.
are prevented from being driven simulta-
neously. When the transfer of the multi-
plier is completed and the coupling 14 has
been disconnected in the manner pre-
viously described, the spring-actuated bolt
31 presses the shafts 12¢ and 12b towards
the left back into their normal position
whereby the connection at 29, 29c
between the rotor shaft 124 and the pulley
29a: is again restored.

During the semi-rotation of the crank
dise 17 which has been described, the
carriage stands in its left-hand position
and a linkage 22, 22q, 220 (Figure 2)
which is pivoted to it at 25, assumes the
position illustrated in the drawing.
During this semi-rotation, the rail 15, the
rail 15« which is connected to it, and the
double armed lever 21, which is connected
to the latter and is pivoted at 2la, are
drawn upwards by the upwardly moving
grank pin 18 so that the right-hand arm of
the lever 21 assumes the lowest position
illustrated by dotted lines in Figure 2.

At the end of this first semi-rotation of
the crank dise 17 and after the comple-
tion of the entry of the multiplier in the
register Z, of the carriage, the lever 10 is
lifted out of the notch 19a in the base
plate 19 of the carriage by a stop 11 on
an arm 26 of the sector 266. The carriage
is thereby released so that it can yield to
the pull of a spring which is not illus-
trated in the drawing. The carriage.
therefore, makes a jump to the right into
the position for starting the multiplica-

85 tion.

After that first semi-rotation of the disc
17 the carriage is now located in the posi-
tion ready for beginning the multiplica-
tion, as mentioned above. In this posi-
tion the lever 22 which is connected with
the carriage stands in its uppermost posi-
tion, in which it is separated by a con-
siderable distance from the lever 21. At
this time a lever A; is pressed to the left
by means of the carriage through the
agency of a rod which is not illustrated
in the drawing, so that the insulating
roller A, which is fixed to the lever closes
the contact 51 which makes the connection
to the motor. The motor thus starts to
rotate and rotates the setting mechanism
S, by means of the pulleys 20a, 29b.

During the multiplication which takes
place by the rotation of the setting mecha-
nism S, the worm wheel 16 runs idly and
the erank dise 17 as well as the rods 15,
20 and 21 remain at rest. The lever 21
remains in the lowered position indicated
by the dotted lines in Figure 2, since the
crank pin 18 on the disc 17 is in its upper-
most position. During the multiplication
the lever 22 gradually approaches the lever
21 since, as previously mentioned, the
slide gradually advances towards the
right.

Tae CARRIAGE DRIVING MECHANISM.

The drive of the carriage G to the right
during the multiplication is effected by
means of the double rack 22¢ (Figure 2)
which is linked to the lever 22a at 224 and
by means of the slot 22¢ slides on the
stationary pin 227. Between the two rows
of teeth on the rack 22¢ is located the
pinion 22g which is mounted on the shaft
22h of a spring drum 22/. The shaft 22h
of this drum is mounted in the angle lever
22F: which can pivot about the pin 22f.
By means of the pin 22m which is fixed to
the lever 22k and runs in the slot 222 in
the selecting lever B the lever 22k can be
set in two different positions in such a
manner that, when the lever B is set for
multiplication on the mark M as indicated
in the drawing, the pinion 22g engages

70

(]

80

90

95

100

105

110

in the lower row of teeth of the rack and 115

the spiral spring arranged in the drum
displaces the rack 22¢ and therefore the

“carriage to the right as is indicated by the

arrow 1n Figure 2. On the other hand, in
the remaining positions of the lever B the
foothed wheel 229 engages in the upper
row of teeth in the rack and then the
spiral spring in the drum 22/ displaces the
rack 22¢ and therefore the carriage G to
the left. The latter occurs in the case of
automatic division which is carried out in
the manner known, for example in the
German specification No. 531,178, in cal-
culating machines of a similar kind.
‘When the carriage has arrived in the

120

125

130
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extreme right hand position at the end of

the multiplication, the lever 22 abuts

against the lever 21, In this position of

the carriage its base plate 19 presses a

5 lever A;, a small distance to the right.

Since a pin A, on this lever engages in the

fork A, of the shaft of the key A,, the key

A, is drawn towards the right and the stop

27 of the coupling 14 is released from the

10 lever 13. The coupling 14 is, therefore,

connected and the motor now rotates the

crank disc 17, after the motor shaft has

first again been displaced to the right and

the clutch 29, 29¢ has been disconnected.

15 The crank disc 17 now carries out the

second half of its revolution. During this,

since the joint 1556 of the rods 15, 15a, now

forms a rigid connection, the right-hand

arm of the double lever 21 is raised and,

20 taking the rod 22 with it, returns the car-

riage to the extreme left-hand position.

This takes place with great speed in a

single jump. After the semi-rotation of

the crank disc 17 has been completed, the

25 pin 13b of the lever 13 engages in the

notch 17a and the hook 18a abuts against

the stop 27. At the same time the lever 10

engages in the notch 19a in the base plate

of the carriage. The key A, is moved to

30 the left and the contact 51 is now opened

and the supply of current to the motor is

cut off. The eoupling 14 is disconnected

and the carriage G is in its normal extreme

left-hand position. The crank pin 18 re-

35 maing in the lower position indicated in

the drawing (Fig. 2). The multiplication

is then complete and the machine is ready
for a further operation.

The joint 1556 is of no importance when

40 the machine carries out the operation

which has been described. The only object

of the joint is to enable the carriage G to

be displaced by hand from the normal po-

sition inte desired decades for other kinds

45 of caleulation. During this the lever 22
makes oscillating movements which would
be prevented by the lever 21 in its upper
position if the rod could not give way. In-
stead of the jointed lever 15, 15a another

50 form of construction could be used for the
same purpose, for example in combination
with the lever B which determines the
kind of calculation.

In order to carry out multiplication the

55 digits of the multiplicand are set up with
the aid of the keys of the keyboard T, in
the same manner as the multiplier to
transmit the setting to the wheel 6a actua-
ting the register Z,. The method whereby

60 this transfer is effected is of no importance
for the present invention and, therefore,
need not be considered here. It is suffi-
cient to say that each digit of the multi-
plicand is expressed in a corresponding

65 angular position of its pertaining disc or

wheel and the corresponding wheel 6a and

all these angular positions are transferred

by a rotation of the shaft 42 from the
wheels 6a to the wheels 8a, 9a of the pro-
ducts register Z, of the carriage, whereby 70
corresponding digits are set up in the
numeral wheels 88a.  In this way the
multiplicand is set up in the product
register Z,. This corresponds to multi-
plication of the multiplicand by 1. Ifthe 75
multiplicand is to be multiplied by 2 then

the shaft 42 is rotated twice. If the multi-
plicand is to be multiplied by 8 the shaft

42 is rotated three times and so on. When

the unit digit of the multiplier is 5 for 80
example and the tens digit is 4 for
example, i.e. the multiplicand has to be
multiplied by 45, then the shaft 42 is first
rotated five times and after this the
carriage is moved one step to the right and 85
the shaft 42 is rotated four times. This
method is the same in all calculating
machines having toothed wheel mecha-
nism and is generally well known,

The multiplication is effected in abbre- 90
viated or contracted form, that is to say
when one digit of the multiplier is higher
than 5, not, as is usual, by adding with
this digit, but by subtracting with the
complementary value of this digit and 95
then adding a unit in the next higher
denomination, for example instead of
multiplying by 7 the multiplier employed
is (10—3).

For the purpose of carrying out con- 100
tracted multiplication the setting mecha-
nism S, is provided with a spindle 56
(Figure 3) on which pairs of toothed
wheels 56, which are of equal size and
rigidly connected together are mounted. 105
Each pair of wheels is loose on the spindle
96a which is mounted in the frame of the
machine and the pairs of wheels 56 are
mounted side by side on this spindle in
such a manner that their left hand part 110
is continuously in engagement with a
wheel 6a which coacts therewith. By the
displacement of the carriage along the .
setting mechanism S, the carriage comes
either into positions in which the wheels 115
8a, which are mounted on a spindle jour-
nalled in the carriage and are each con-
tinuously in engagement with a pertain-
ing toothed wheel 9a of a numeral wheel
58a, come into engagement directly with 190
the wheels 6a, or into positions in which
the said wheels 8a come into engagement
with the right hand parts of the wheels
96. The step of the carriage to bring it
from the one adjustment into the other is 125
smaller than the step between two adjust-
ments of the same kind, When the
carriage is set in the first mentioned
adjustment and the shaft 42 is rotated,
the numeral wheel 58a is rotated in the 130
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positive or addition sense by the wheels
6w, 8a, 92. In the other pesitions of
adjustment of the carriage, on the other
hand, the numeral wheel 58« is rotated in
the negative or subiracting sense by the
wheels 6a, 56, 8a, 9. In both cases the
shaft 42 rotates in the same direction.
The rotation of the numeral wheels 58«
in the adding sense takes place both in
the case of addition and erdinary multipli-
cation. The rotation in the subtracting
sense takes place in the case of subtrac-
tion, division and contracted multiplica-
tiom,

The determination of the various multi-
plication positions of the carriage is
effected by the arrangement which is here-
inafter described and is illustrated in
TFigures 4 to 9 and Ha and 6a.

Beside each numeral wheel 58 of the
register mechanism Z, is suspended so as
to be freely revoluble about the shaft of
the numeral wheel an angle lever 81, 86,
the arm 81 of which eoacts with a stepped
disc 82 which is connected fast with the
wheel 8 belonging to the numeral wheel
58 in question. The wheels 8 come succes-
sively within the range of the opposite
oscillating fingers 90, 91 (Figures 4 and
6), of which the one or other engages in
the corresponding wheel 8 at each revolu-
tion of the machine shaft 42 and advance
it one step in one direction or the other,

The periphery of the disc 82 has three
steps so arranged that the arm 81 of the
pertaining angle lever 81, 86 either abuts
against the tooth 85 of the dise 82 or on
the part of the periphery having the
greater diameter (see Figure 5) or on the
part of the periphery having the smaller
diameter (see Figure 6) and thus takes up
one of three different positions according
to whether the numeral wheel connected
with the dise 82 is set to a value from 1
to 9 or from 6 10 9 or 0. These figures are
visible in a window which in Figure 4 is
located by the Figure 0.

Below the guide plate 19 of the carriage
is located in the frame of the machine a
bent rail 47 which is illustrated in cross
section in Figures 4 to G and in plan
Figures 7 and 8 and in side elevation in
Figure 9. This rail 47 is linked to a two-
armed lever 38 (Figure 9) which can pivot
about the point 46. When the rail 47 is
displaced to the right in the direction of
the arrow shown in Figure 9 it effects by
means of the lever 338 a displacement of a
lever A, (Figure 2) which closes by means
of a roller A, the contact 51 arranged in
the circuit of the electric motor 12. At
the same time the lever A, unlocks the
setting mechanism S. in any apprepriate
manner not illustrated in the drawing, so
that this mechanism can rotate.

Tions.

The left-hand end of the rail 47 (see
Figures 7 to 9) is provided with a tongue
47¢ which can be separated from the rail
by the member 47H and is somewhat
longer than the rail 47. The end G3a of
the rail 47 is bent round and extends later-
ally round the end 63 of the tongue 47a
and forms a wider abutment surface than
the end 63. In the two end positions of
the part 47a the head 63, 63a forms a stop
member having two steps which in the
drawing are indicated by + and —. These
steps form stops for the arm 86 of the
angle lever 81, 86 which iz mounted on the
carriage so that the carriage which moves
from left to right is arrested in the
denominational position (decade) in which
it arrives at any time either by the stop
indicated by + in the addition position
or by the stop indicated by — in the sub-
traction position. In the first case, with
the parts set in the position shown in the
Figure 7, the finger 90 (Figure 3) engages
the wheel 8 of the register mechanism Z,
which is opposite to it at the time, and in
the latter case the finger 91 engages this
wheel and econsequently the register
mechanism Z, Is driven in one direction or
the other. In the position illustrated in
Figure 8 the method of operation is
reversed in a manner which is hereinafter
explained. For accomplishing the said
action of the fingers 90, 91 these are moved
from the machine shaft 42, which always
rotates in the same direction, by means of
an eccentric 23 (Figures 4 to 6) which is
fixed on the shaft 42, The fingers are
provided with longitudinal slots in which
pins 95 and 96 can be laterally engaged
(see also Figure 3) in such a manner that
when, in the case of one of the fingers, a
pin engages in the slot between the eccen-
tric and the point of the finger the corre-
sponding pin of the other finger engages
in the other slot of this other finger situ-
ated at the other side of the eccentric. The
result of this is that when the eccentric
rotates the points of both fingers carry out
oscillating movements in opposite direc-
tions and the one finger advances the
numeral wheel of the register mechanism
7. opposite to it at the time. if it happens
to he in engagement with it, and the other
finger, if in engagement, moves the
numeral wheel backwards.

Assume the parts being positioned, as
is shown in Figure 7, which is the case in
the ordinary method of multiplication, If
then for example the multiplier ¢* 10928 *’
is set on the numeral wheels of the register
mechanism Z;, the arms 86 of the levers
81, 86 are set in the corresponding posi-
‘When the carriage then moves to
the right in the manner which has been
described, the first arm 86 (reckoning

70

75

801

85

90

9

100

105

110

115 -

120

125

130



487,743

10

15

20

25

35

40

45

50

55

60

65

from right) which corresponding to the
digit 8, is thrown by the greater diameter
of the disc 82 in the right-hand position
shown in Figure 5, strikes against the
broad part 63a of the rail 47 (Figure 7).
The carriage consequently stops in the
subtraction position and the right-hand
finger 91 (Figure 3) engages the wheel 8 of
the register mechanism Z,. Thus, this is
advanced by one tooth at each revolution
of the machine shaft 42 in such a manner
that the pertaining numeral wheel 58 is
rotated by its wheel 9 forwardly in the
direction, in which the numerals run, to-
wards “ 0.’ In the present case two steps
of the wheels 8, 9, 58 are necessary for
this purpose, that is to say the machine
subtracts the multiplicand twice. For on
the second and last step of the wheel 8,
the tooth 85 of the disc 82 moves the lever
86 into the extreme right-hand position
illustrated in Figure 4 and consequently,
the carriage looses its hold on the rail 47
and moves further towards the right. The

numeral wheel 58 went therefore from 8

to 9 and from 9 to 0. By this means an
actuation of the adjacent left-hand
numeral wheel 58 of the tens place in the
register 7, takes place in known manner,
so that this moves from 2 to 3 (tens carry-
ing in contracted multiplication).

The carriage released by the lever arm
86 only moves to the right until the lever
arm 86 which belongs to the next numeral
wheel 58 (tens place of the multiplier)
abuts against the rail 47. This lever arm
86 of the tens place is located, correspond-
ing to the numeral 8 (=2+1), in the left-
hand position according to Figure 6 and,
therefore, strikes against the + stop of the
1ail 47, namely against the head 63 of the
part 47a which is in the position shown in
Figure 7. The slide, therefore, is
arrested in the addition position so that
the product-register Z, adds the multi-
plicand. The addition takes place three
times since the numeral wheel 58 of the
tens place of the register 7, has been
moved owing to the preceding tens carry-
ing from the numeral 2 to which it was
originally set to the numeral 3. During
this addition the left-hand finger 90
engages in the opposite wheel 8 so that
the pertaining numeral wheel 58 is rotated
back to 0 in the direction opposite to the
direction in which the numerals run on
the wheel. This is effected in this case by
three steps of the wheels 8, 9, 58, that is
to say by three rotations of the machine
shaft 42. The numeral wheel 58 does not
then go from 9 to 0 and no tens carrying
takes place, that is to say in this case the
numeral wheel 58 of the next denomina-
tion (hundreds place) in the register
mechanism Z,; is not affected.

On the last or third step of the numeral
wheel 58 of the tens denomination the
pertaining lever arm 88 arrives in the
right-hand position illustrated in Figure
4, since it is pushed to the side by the
tooth 85 of the disc 82. The carriage is
now released from the rail 47 and moves
further to the right.

In the hundreds place of the multiplier
the numeral 9 is set on the numeral wheel
93 of this denomination and the pertain-
ing lever arm 86 is again in the right-
hand position illustrated in Figure 5. The
arm 86, therefore, strikes against the stop
68a of the rail 47 and arrests the carriage
in the subtracting position in which, as
has already been described in connection
with the units place, the right hand finger
91 engages the wheel 8 and the machine
subtracts. In this case the subtraction
only takes place once. During this, the
numeral wheel 58 of the fourth decade
(thousands denomination) in the register
Z, is simultaneously advanced by one step,
that is to say from 0 to 1.

In the fourth decade the setting mecha-
nism S, adds once. After o further move-
ment of the carriage addition is performed
once in the fifth place. In the last two
places the arms 86 of the corresponding

levers 81 take up the Ieft-hand position
llustrated in Figure 6.

In this manner by two subtractions in

the units place, three additions in the tens
place, one subtraction in the hundreds
place and one addition in both the
thousands and also in the ten-thousands
place, that is to say by eight revolutions of
the machine in all, multiplication by the
number 10928 is carried out by the con-
tracted method, instead of twenty revolu-
tions corresponding to the sum of the
digits in the number 10928 being neces-
sary.
. At each release of the rail 47 from an
arm 86 it makes a small movement to the
left under the counter-action of the right-
hand spring of the contact 51. The latter
is therefore opened, the motor is discon-
nected and the setting mechanism S, is
locked, every time the carriage is moved
into its next position,

When the part 47z of the rail is in the
position illustrated in Figure 8, the
operations which have been described are
reversed, that is to say the longer stop 63
is effective in the range of the numerals 6
to 9 and the shorter stop 634 in the range
of the numerals 1 to 5. PFigures 50 and
6a show the relative position of the parts
63, 63a, 86 corresponding' thereto. The
product register 7, of the carriage then
1o longer adds in the case of digits 1 to
5 but subtracts, and adds in the case of
digits 6 to 9.
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This would give incorrect results if the
drive of the register mechanism Z, were
not reversed at the same time as the posi-
tion of the part 47z was changed. This

5 is effected by means of a lever U (Figure
4) which reversed the fingers 90, 91. The
lever U can turn about the pivet 93
(Figure 4) and displaces at the same time
by means of its lower arm 87 and the

10 sliding member 94 the claw 476 which
engages the part 47a (Figures 7 and 8).

For effecting this the pins 95 and 96
are fised on an arcuate member 97
(Figures 8 and 4) which can turn in the

15 space between the two fingers about a fixed
pivot 98. Two loops on the member 97
(see Figure 8) hold the lever U in such a
manner that when it is reversed (see the
dotted position U in Figure 4) the pins

20 95 and 96 in the case of each finger are
withdrawn from the one slot and inserted
into the other. By this reversal of the
lever U and the reversal of the fingers a
product (b. ¢) is in originating simulta-

925 neously subiracted from a number (a),
which was entered into the register Z, as
described above. In this manner the so-
called negative multiplication is effected.

Having now particularly described and

80 ascertained the nature of our said inven-
iion and in what manner the same is to
be performed, we declare that what we
claim is:— .

1. Automatie calculating machine in

85 which, for automatieally ecarrying out
multiplication, there are provided two
independent setting mechanisms in each
of which one complete factor of the
multiplication can be set up, and these

40 setting mechanisms are actuated by a
rotary shaft of the machine in such a
manner that the one mechanism first
transfers the complete muliiplier which
has been set up in it in a single operation

45 to a register mechanism on a carriage and
the other mechanism then transfers, the
factor, e.g. the multiplicand, which has
been set up in it a number of times
depending on the multiplier to a second

50 register mechanism of the carriage.

9. Calculating machine in accordance
with claim 1, in which the setting mecha-
nisms for the multiplier and the multi-
plicand each comprise a keyboard each of

55 which is preferably provided with ten keys
in each denomination.

3. Automatic calculating machine
according to claim 1 or elaim 2, in which
the members on the register mechanism

60 of the carriage which receive the multi-
plier from the multiplier setting mecha-
rism are provided with adjusting mem-
bers which can be set in two positions
differing from the position of rest and

65 depending on the setting of the former

members and thereby set the carriage in
different positions relatively to the second
setting mechanism, so that the carriage is
driven either in the additive direction or
in the subtractive direction, 70

4. Automatic calculating machine in
accordance with any of the preceding
claims, wherein the machine shaft which
always rotates in the same direction first
effects by one revolution a simultaneous 75
movement of all members of the multi-
plier register mechanism of the carriage
by means of the muliiplier setting mecha-
nism and then moves the earriage until
it is in front of the multiplicand setting &0
mechanism,

5. Automatic calculating machine in
accordance with any of the preceding
claims, in which the members of the mul-
tiplier setting mechanism which drive the 85
multiplier register mechanism of the
carriage are oscillating levers, which,
according to the adjustment, abut against
one of two steps on a stop mounted in the
machine frame and thereby determine the g0
movement of the carriage.

6. Automatic calculating machine in
accordance with any of the preceding
claims, in which the adjusting members of
the multiplier setting mechanism are 95
constructed in the form of segments which
can turn freely on the machine shaft and
in their different positions relatively to
fixed dises form gaps of different sizes in
the paths of pawls which rotate with the 100
machine shaft and drive wheels of the
carriage register mechanism according to
the size of the gap.

7. Automatic caleulating machine in
accordance with any of the preceding 105
claims, in which the stepped stop mounted
or. the frame of the machine for the
carriage as well as fingers controlled by
the multiplicand setfing mechanism ean
be reversed by hand, for example by 110
means of a lever, for the purpose of carry-
ing out subtraction operations.

3. Automatic calculating  machine
according to any of the preceding claims,
in which a driving mechanism released 115
by pressing a key or by a similar manipu-
lation automatically effects firstly a
sudden movement or jump of the carriage
from the multiplier entry position (left
hand position) to the right into the posi- 120
tion for beginning multiplication and then
a step-by-step movement to the right
through the various demominations into
the final multiplication positicn and
finally a sudden movement or jump to the 195
left back into the first-mentioned position.

9. Automatic caleulating machine in
accordance with any of the preceding
claims, in which a single driving means,
for example an electric motor, effects by 180
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means of an automatic mechanism both
the jumps of the carriage referred to in
claim 8 and also the step-by-step move-
ments of the carriage which are necessary
for the caleulating operation.

10. Automatic calculating machine in
accordance with any of the preceding
claims, in which the main shaft of the
machine drives on the one hand the
carriage by means of a worm gear and on
the other hand the multiplicand setting
mechanism by means of a disconnectable
coupling in such a manner that the latter
coupling is automatically disconnected at
the beginning of the entry of the multi-
plier and during its duration by the reac-
tion of the setting mechanism and of the
worm gear, and the same action takes place
during the return jump of the carriage
owing to the reaction of the carriage.

11. Automatic calculating machine in
accordance with any of the preceding
«claims, wherein the drive of all members
of the machine is effected by means of an
electric motor provided with an axially
displaceable rotor.

12. Automatic calculating machine in
accordance with any of the preceding

claims, wherein a crank disc driven from
the main shaft of the machine through
the agency of a coupling or clutch effects
during its first half revolution by means
of a reciprocating rod which drives the
shaft of the multiplier setting mechanism
the entry of the multiplier in the carriage,
and during the second half of its revolu-
tion it effects the return of the carriage
by suitable transmission means.

13. Automatic calculating machine
according to claim 12, in which the trans-
mission means driven by the crank disc
for returning the carriage is capable of
yielding, being provided, for example,
with an automatically locking joint, for
allowing the free movement, of the carriage
by hand in the case of division, addition,
subtraction.

14. An automatic calculating machine
substantially as described with reference
to the accompanying drawing.

Dated the 2nd day of May, 1934,

For the Applicants,
GILL, JENNINGS & EVERY-
CLAYTON,
Chartered Pafent Agents,
51/52, Chancery Lane, London, W.C.2.

Leamington Spa: Printed for His Majesty’s Stationery Office, by the Courier Press.—1985.

30

35

40

45

50



437,743 COMPLETE SPECIFICATION

\\.&8.0% PoTTIpL B 220 JIrenladg I 1O UITTFITIP OLLP.L D ST PUINWDLTSTY [ '/




€ SHEETS
SKEET 1

Malby & Sons, Photo -tk



w3l 03n g Lung 3 Aqiew

m
=
=
=
=

[FrP9S PIIHPIL D UO JIRALIQ FYF SO UCHINPOLADLD G Gy sy |

§ L3IFHS
Si3IHG 9

NOILVDISI03dS 31L31dW00 E¥L2Ed



437,743 COMPLETE SPECIFICATION

Fig.2

[ This Drawirg is @ reproductiore of the Original on a reduced. scale./
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