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This invention relates to adding and subtract-
ing mechanism of the kind comprising a number
of register wheels which are rotated in one direc-
tion to add and in the reverse direction to sub-
tract.

The invention has for its object an improved
multi-denominational register, accumulator, or
totalizer capable of receiving entries in all denom-
inations, which registers a true positive or nega-
tive total, and is capable of rapid operation.

According to the invention an entry member in

each denomination is turned in one direction for

adding the value of a digit to the total in the
totalizer and in the other direction for subtract-
ing the value of a digit from the total in the to-
talizer, and a register member turns in one direc-
tion when the entry member is turned to add
and in the other direction when the entry mem-
ber is turned to subtract whereby entries may be
made into all denominations simultaneously and
transfer mechanism for each denomination oper-
ates, after passage by the register member
through a predetermined position when turning
in the direction for adding, to add unity to the
next higher denomination, when there is a high-
er denomination but, in the case of the highest
denomination, to add unity to the lowest denomi-
nation, and operates, after passage by the regis-
ter member through the said position when turn-
ing in the direction for subtracting, to subtract
unity from the next higher denomination when
there is a higher denomination but, in the case
of the highest denomination, to subtract, unity
from the lowest denomination.

The word “digit”, which is normally used to
mean one of the numbers 0 to 9, will be deemed

. to include any number up to but not including the

base of the system of notation used. Thus, in
the duo-decimal system, the numbers 10 and 11
are deemed to be digits. .

One form of totalizer according to this inven-
tion, applicable to a statistical machine, will be
described with reference to the accompanying
drawings, in which:

Figure 1 is a side view of a totahzer, of which
one denomination is visible,

Pigure 2 is a section of the sun and planet
mechanism with tra.nsrer cams and read-out com-
mutator,

Figure 3 is a sectlon thereof on the line AA
of Figure 2, with parts broken away.

Pigure 4 is a vertical section on line BB of
Figure 1, showing the reversible gearing and two
totalizer denomination support plates.

Figures 5 and 6 are sections showing elements
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of the reversible gearing, on the lines ccC and DD
respectively of Figure 4.

Figure 7 is a circuit diagram . showing the con-
nections of the totalizer to the circuits of a tabu-
lating machine, i

Figure 8 is a cam timing diagram.

Figure'9 is a back view of a read-out commu-

-tator. .

Figure 10 is g circuit diagram showing the cir--
cuits for selecting the true total.

Figure 11 is an alternative form of part of the
circuits of Figure 10.

Figure 12 is a view similar to that of Flgure 2,
showing an alternative form suitable for duo-
decimal notation.

Figure 13 is a circuit diagram showing a cir- .
cuit for duo-decimal notation.

Figure 14 shows an alternative form of certain

* parts of Figure 1, and
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Figure 15 is a circuit diagram for the modi-
fication shown in Figure 14.

Referring to Figure 1, the parts for each de--
nomination of the tota.lizer are carried on g plate
i, supported on side members 2. The parts are
similar for each denomination, and two plates |
for two denominations are shown in Figure 4.
The main driving shaft 4 and the intermediate
driving shaft 5 extend through all denomina-
tions of the totalizer and are carried in end plates
§, attached to the side members 2 by brackets 1.
In Figure 4, the shaft 5 is shown in dotted lines
as it is behmd the line of the section.. The shaft
§ is driven by the shaft 4 by the gear wheels 37
and 8. .

The shaft 4 tums constantly counter-clockwise
as seen in Figure 1. Gear wheels 37 and 9 are ele-
ments of the reversible gearing to be described,
such that the shaft 6 is turned in one direction for
adding and the other for subtracting. These di-
rections are indicated for this and other shafts
by double-ended arrows marked A and S. -

The elements, in one denomination of the to-
talizer, shown to the right of the plate i in Fig-
ure 2 comprise a driven member, a sun and planet
gearing, and parts of a register member. The
driven member or gear wheel 8 is driven by the
shaft § through the gear wheel 8 and idler gear
wheel 10 turning on a stud i1 on the plate i.
A sun wheel 12 is attached to the wheel 8 and
engages a pair of planet wheels {3 on shafts 14

in a cage 15. The wheels 8 and 12 and the cage

1§ turn on a tubular stud {8 fixed to the plate .
The right-hand ends (Figure 2) of the shafts
{4 carry planet wheels 11 which engage a wheel
I8 fixed to the shaft 19 which turns in the tubu-
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lar stud 16 and passes through the plate I’ to
carry the read-out commutator to the left of the
plate. Also fixed to the shaft 18 are a locking
plate 20 and two transfer cams 2i and 22 for
adding and subtracting respectively. The cage
{5 has formed on it a locking plate'23. The cam
21 is broken away in Figure 1 to show the cam 22
below it and this also is broken away to show the
locking plate 20 below it. The parts (8 to 22
and the read-out commutator constitute the reg-
ister member, because they all turn with the
shaft 19 to register the amounts entered into the
denomination of the totalizer. ’

The locking plate 20 and the cage locking plate

23 are locked alternatively by the two arms 24
and 25 respectively of a four-armed lever 24, 25,
26, 21, pivoted on a stud 28 on the plate I. The
arm 24 is shown pivoted independently on the
stud 28 and is held in-a fixed position relatively
to the other arms by the spring 29 and the lug
30 which is bent downwards to engage the arm
21. 'This construction is for safety and, in op-
eration, the arm 24 may be regarded as integral
with the other arms of the lever., The lever is
turned clockwise into the position shown by the
cams 31 and 32 on the shaft 4 engaging the arm
26, and it is held in the position shown by the
armature 33 of the electromagnet 34 engaging
the arm 21. The spring 35 tends to turn the
lever 24—21 counter-clockwise and the spring 36
tends to hold the armature 33 away from the
~magnet 34, :

In the position of the parts shown, the arm
-24 is locking the register member of the totalizer
gear by engaging the locking plate 20 and, the
wheel 8 being constantly turned, the cage 15 and
planet wheels turn idly. Thus, the wheel 12 fixed
to the wheel 8 turns the planet wheels 13, and
therefore the planet wheels i1, and these roll
around the wheel 18 which is fixed to the locked
wheel 20, carrying the cage i5 with them. If
now the magnet 34 be energised, its armature
disengages from the arm 21, and the lever 24—21
is turned counter-clockwise by the spring 35, so
that the arm 24 releases the locking plate 20 and,
simuitaneously, the arm 25 engages the locking
plate 23, to hold the cage 15 stationary. Assum-
ing the wheel 8 to be turning counter-clockwise

for adding, the planet wheels 13 will be turned

clockwise by the wheel 12, and the planet wheels
11 will turn the wheel {8, and therefore the whole
register member counter-clockwise. The. ratios
of the wheel teeth are such that the register
member turns one-third of a revolution for one
revolution of the wheel 8, and the wheel 8 is
turned sixteen revolutions for ten revolutions of
the shaft 4. When the locking plate 20 is locked,
“the cage 15 with locking plate 23 makes half a
revolution per revolution of the wheel 8. The
" reason for these ratios is that the register mem-
ber shown is designed for decimal notation and
for use with a statistical machine of the Hollerith
type which operates on a particular cycle having
16 cyclic intervals customarily indicated. by the
following characters, which indicate points sep-
arating the intervals: 9, 8,7,6,5,4,8,2, 1,0, X,
Y, Z, E, F, G.. In this cycle, the value of a digit,
say 6, is represented by the six intervals between
the points 6 and 0, while the intervals between
0 and 9 are allocated to transfers from one de-
nomination to another and to resetting. The

- digit,
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by one-thirtieth of a revolution of the register
member. The locking plate 20 on the register
member has 30 notches, and therefore the in-
terval between adjacent notches represents a unit
The register member is made to register
0 to 9 three times in a revolution for convenience
in construction. When locking plate 23 is re-
leased, it makes half a turn for one turn of gear
8, as previously explained. Since gear 8 makes
one tenth of a revolution in & cyclic interval, the
plate 23, in such interval, will make one-fwen-
tieth of a revolution. According, plate 23 is pro-
vided with 20 notches so that it may be arrested
at any twentieth part of its revolution during a
chosen cyclic interval. . :

The operation of entering into the totalizer the
value of a digit, say 6, resulting from the oper-
ation of the statistical machine is as follows: At
the point 6 in the cycle, the magnet 34 is ener-
gised and the related register member begins to
turn; at the point 0, the cam 31 strikes the arm
26, thus locking the register member and reset-
ting the lever 24—21. In. the interval 6 to 0
therefore the register member has been turned
through an angle comprising six notches of the
plate 20 and representing the digit 6. The op-

" eration is the same if the digit is to be subtracted,
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40

except that the register member turn in the op-
posite direction.

The transfer mechanism will now be described.
It is of the known type in which all transfer be-
tween the different denominations are made si-
multaneously. Thus, if the totalizer stood at
19999 and 1 were added, the four transfers re-
quired to give the result 20000 are made simul-
taneously. This is effected by causing the parts
in a denomination to take up a “long transfer”
position, when, in adding, 9 is registered in that
denomination (assuming the totalizer to be for
decimal notation). If a transfer is effected from
one denomination by adding 1 to the next higher
denomination when the parts. of this latter are
in long transfer position, a transfer is also ef-
fected by adding 1 to the second higher denom-

45 ination.

This type of simultaneous transfer may be ef-
fected mechanically or electrically. In the total-
jzer shown it is effected partly mechanically and
partly electrically. Considering first the trans-

§0 fer mechanism operable during adding, a transfer

pawl 38 on an arm 39 pivoted to the plate | at
" 40, engages the adding transfer cam 21. This has
a notch &1 constituting the long transfer step,
preceding a projection 42, constituting the ordi-

§5 nary or short transfer step. The pawl 38 engages

éo

the notch &1, as shown in Figure 1, when the
register member stands at 9, and is raised by the

projection 42 as the register member passes from
9 to 0. When the arm 39 is so raised its right-
hiand end is engaged by the step 43 on the lever
arm 44 which is pivoted on the stud 28 and is
urged counter-clockwise by & spring (not shown).

Thereby the arm 39 is held in its raised position )
whenever the register member passes from 9 to 0.

65 Above the arm 39, a contact arm 45 is pivoted at

46 to an insulating block 47 and is urged down-
wards by a spring 48. The contact blade 49 of
the arm is shown in its lowest position making
contact with the contact piece 50, and it can

70 occupy an upper position, shown in dotted lines,

shaft & makes one revolution per cycle, and a

unit digit is therefore represented by one-six-
teenth of a revolution of the shaft, and therefore
by one-tenth of a revolution of the wheel 8, and

in which it makes contact with the contact piece
51. It can also occupy an intermediate posi-
tion, also shown in dotted lines, in which no con-
tact is made. 'The contact arm 45 is operated by

75 the arm 38 by means of an interposer 52 on the

@




endofanarmtl pivoted at 64 to an arm 85 of
a lever which is plvoted to the plate | at §6. It
will be understood that arm 53 is suitably insu-

- lated from contact arm 48 and for this purpose,

arm 83 may be made of insulating material. It
will be clear, further, that contacts 50 and 5

_ are carrjed by support plate | through insulation.

The arm 88 remains in the position shown during

adding operations. When the pawl 38 is in the -

notch 41, the contact blade 49 is allowed to rest
on the contact §0. The parts are then in long
transfer position, the register member being at 9.
In passing to 0, when the arm 39 is held in its
raised position, the contact blade 49 is pressed
by the interposer 52 and arm 5% against the upper
contact 81. The parts are then in short transfer

position, to control additive transfer of 1 fo the .
next higher denomination. When the pawl 38 is .

engaging the rim of the cam: 21 the contact blade
48 is in its intermediate position, in which no
contact is made. It may be noted that there are
three notches 41 in the cam .21, in positions cor-

responding to the three 9 positions, each notch

preceding & projection 42.

Before describing how the {ransfers are com-
pleted as a result of contacts with the pieces 50
and 51, there will be described the devices for
making the same confacts at the appropriate
times. during a subtracting operation.

In subtracting, the transfer must be effected

- when the register member passes from 0 to 9,

‘cam plate 65.

and the long transfer position must be taken up

when the register member is at 0. For this pur-

pose, & second cam 22 is fixed to the register
member, shown behind the adding cam 2{ in Fig-
ure 1, and has three projections 61 immediately
behind the projections 42 of the cam 2{, and also
three notches 68 which precede the projections
61 when the cam_ is moving in the direction for
subtracting. A second arm 51, with pawl 58, piv-
oted at 40 engages the cam 22, and is similar to
the arm 39 with pawl 38, except that it has a
notch 59 which is immediately below the inter-

-poser 52 when this is in the position shown for

adding. By reason of the notch 59, the arm §1
is raised and lowered by the projections 61 and
notches 60 without striking the interposer, and is
therefore ineffective. Now when the reversible

gearing, which releasably drives the register mem- -

bers, is operated to change from adding direction
to subtracting direction, the arm 8% is moved to
the right into the position shown' in dotted lines,
by means to be described later. Thereby the
arm 53 is moved to bring the interposer 52 into
the position shown in dotted lines in which it is
clear of the notch 59 in the arm 51, but is over
a similar notch 62 in the arm 39. In this way
the arm 57 is made effective to actuate the con-
tact arm 45, while the arm 39 becomes ineffective.
Therefore, in subtracting, when the register mem-
ber reaches 0, the pawl 58 drops into the notch
§9, and allows the blade 49 to rest on the contact

58 to effect a long transfer and, in passing from 0

to 9 the arm 57 is latched in its raised position
by the arm 44 and moves the blade 49 into con-
tact with the piece 51, to effect the short transfer.

The reversible gearing will now be described
with reference to Figures 1, 4,5 and 6. The shaft
4 carries, fixed to it, a gear wheel 62 and notched
disc 63 and, loose on it, a disc support 64, with
The support 64 carries a shaft
€6 having, at one end, a gear wheel 67 engaging
the gear wheel 62 and, at the other end, a gear
wheel 68. The wheel 68 engages an idler wheel

'$8, pivoted on the support 64, which in turn
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engages a gear wheel 79 attached to the gear

wheel 37 and loose on the shaft 4. The support

84 carries a pawl 11 pivoted to it at 72 which is

adapted to enter a notch 13 in the disc 63 under

5 the tension of the spring 14. When the pawl T
is in the notch 13, the support 64 is locked to

the disc 63 and shaft 4 and the gear wheels 61

and 68 are prevented from turning. The whole

assembly therefore turns with the shaft 4 and
carries with it the gear wheels 78 and #1. The
parts are then turning in the direction for sub-
tr:chtlng, indicated in the drawings by arrows

w‘ l(s.’i
One end 15 of the pawl 11 projects beyond

the edge of the support 64 and is adapted to

be caught and held by the arm 16 (Figure 1),

-When s0 held, the pawl 11 is withdrawn from the

notch 13 and it and the support 64 are held sta-

tionary. Then the wheel 62 fixed on the shaft 4

drives the wheel 10 through the gear wheels 61,

68 and 69, and the wheel 18, to which the wheel

37 is fixed, is turned in the opposite direction to

that of the shaft 4, the parts turning in the

- direction for adding, as indicated by the arrows

with “A.” The ratios of the teeth of the wheels

62, 671, 68 and 10 are such that the speed of the

wheels 78 and 37 is the same as that of the shaft

_ 4, but in the opposite direction.

The cam disc 65 has a depression 171 in which,
when the support 64 is held stationary, the roller
18 on the arm 19 (Figure 1) rests. The arm 19
is fixed to a shaft 80 pivoted in the end plates
8 and carries, at each denomination of the to-
talizer, an arm 8! adapted to engage the arm
82 of the lever arm 55 pivoted at 56. When the
support. 64 with cam disc 65 is stationary, that
is to say in adding, the armg 719, 8{ and 82 are
in the positions shown in Pigure 1, and the arm
8% is in the position shown in full lines. When
the support 64 turns, that is to say in sub-
tracting, the arms 19 and 81 are turned counter-
clockwise as the depression 11 passes from under
the roller 18, and thereby the arm 55 is moved

“into the position shown in dotted lines. In this

45 way, when the reversible gear is operated in the
direction for subtracting, the arm 55 is moved
to place the interposer 52 in the. position to
.make the subtraction transfer mechanism effec-
tive. The shaft 4 carries at each -denomination

50 a cam block 83, with two cams 31 and 32 for

resetting the lever 24, 25, 26, 27 and & cam 84

- for striking the tail 85 of the arm 44 to un-

latch the pawl arms 39 and 51. The timing of

these cams will be described later.

55 The arm 16 is operated to release the pawl
75 and support 64 as follows: The arm is piv-
oted at 86 to a support 87 fixed on the end
plate 6 and carries the armature 88 of an elec-
tromagnet 89. It is normally held in the posi-

60 tion shown by a spring 90. A Iatch 81 is pivoted

to the arm 716 at 82 and forms with the arm a

slot in which the projection 15 is retained. The

latch is normally held in the position shown by
the spring 93. When the magnet 88 is energised,

65 the arm 76 is rocked clockwise to release the sup-
port 64 which then turns counterclockwise, as
viewed in Fig. 1. When the magnet is de-ener-
‘gised the projection 715, on reaching the arm
16, depresses the latch 81 and is held by the

70 end of the arm, the latch then springing back
into the position shown. .

The operation of the totalizer under contrbl
of record cards passed through a Hollerith tabu-
lating machine will now be described with ref-

75 erence to Figures 7 and 8. Figure 7 shows only
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4
the relevant parts and circuits of a tabulating
machine, and Figure 8 indicates by thick black
lines the times of operation of the different cams.
Each card is passed through two reading sta-
tions in which its records are read by brushes.
These are indicated by the letters UB and LB
indicating upper and lower brushes. The lower
brushes read the values of the digits in the dif-
ferent. denominations of the number to be en-
tered into the totalizer, and wires 94 lead from
these brushes through relay contacts 95a to the

magnets 34 in each. denomination, the circuit )

being completed from the supply line 96 to the
line 96a, through the usual circuit breaker LCB
and card lever contact LCL. The different de-
nominations, of which three only are shown, are
indicated by the letters U, T, and H, respectively
signifying units, tens, and hundreds. The mag-
net 89 is normally not energised, so that the
support 64 in the-reversible gearing is held sta-
tionary, and the gearing operates in the direc-
tion for adding. As already explained, when a

digit, say 6, is read by the lower brushes, the .

circuit is completed to energise the magnet 34
in the appropriate denomination, and the related
register member starts turning. At the point 0
in the cycle, the cam 31 causes the register mem-
ber to stop turning, the value 6 having then been
added. For rapid operation, the cam 3! oper-
ates a little after 0, as shown in Figure 8, to
allow for lag in operation of the magnet .34 and
lever 24, 25, 26, 21. Suppose that the number
previously registered by the totalizer was 166
and that a number 126 is added, then the unit
register member will have moved to 2, and in
passing from 9 to 0, the arm 39 in the units
denomination will have been. raised into latched
position, in which the blade 49 makes contact
with the contact piece 51, to control a short carry.
The tens register member will have moved to 8,
and the hundreds register member to 2, and
the blades 49 in those denominations will be
in their intermediate positions, making no con-
tact. A little after the point Y in the cycle, cam
contact 121 completes the circuit through the
transfer relay magnet 95, opening the contacts
85a and closing the contacts 88b. A circuit is
then completed from the line 96 through the
LCL contacts, cam contacts 155, the contact 51
in the units denomination, to blade 49, thence
through the contacts 95b and magnet 34 in the
tens denomination, to the line 96a. The tens
denomination register member will then start
to add but, after an interval sufficiént to enable
it to add 1, cam 32, a little after point Z, moves
the lever arm 26 to stop the turning of the reg-
ister member. Thereby the fransfer from the
units to the tens denomination is effected, and
the register member will stand at 292." A little
before the point P in the cycle, cam 84 strikes
the arm 85 to release the transfer arm 38. Since
the tens register member now stands at 9, its

transfer arm 39 will have allowed the blade .

49 to make contact with contact piece 58, to
make a long transfer. If now a number 108 be
added by the next card, a fransfer will be ef-
fected as before from the units to the tens de-
nomination, but the circuit through contact 5t
and blade 49 in the units denomination can be
completed both through contacts 856 and mag-
net 34 in the tens denomination and also through
contact 50, blade 49, contacts 95b, and magnet
34 in the hundreds denomination. Therefore, 1
will be added to éach of the fens and hundreds

2,390,441

register members, and the number registered will
be 400.

When the number recorded on a card is to be
subtracted, this is indicated on the card by a
special designation hole at one of the points X or

" ¥, and this hole is sensed by the upper brushes.
The presence of such a hole causes a circuit to
be completed through relay magnet 97 thereby
closing contacts 9Ta and b. Since cam- contact
98 is closed from X to GV2, a holding circuit.for
relay 971 is completed through contacts 97a and
contacts 8T remain closed. Then at point F
cam contact 99 completes the circuit through
contacts 91b and the magnet 89. The support
64 is then released, and the totalizer parts turn

_in the direction for subtracting during the fol-
lowing cycle, which is the cycle in which the card
passes the lower brushes. The magnet 89 is en-

- ergized only momentarily, during the interval

from F to G, and.therefore the support 64 is re-

leased only during a single revolution of the shaft .
4. As far as the circuits in Figure 7 are con-

cerned, the operation of subtracting the number -
is the same as that of adding it, but the subtrac-
tion transfer is made operable, under control of -
the reversible gearing, to effect transfers at the
appropriate points.

The total registered in the totalizer may be in-
dicated in various ways, by appropriate devices
fixed to the register members, Thus, digit indi-
cating wheels may be fixed to the shafts 19 on the
left hand side of the plates 1, as seen in Figure 2.
These will indicate the correct total, within the
capacity of the totalizer, or the balance of the -
.amounts added and subtracted, provided that the
total of the amounts subtracted does not exceed
the total of the amounts added. If it does exceed
the total of the amounts added, so that the total
represents a negative amount, this total may be
shown in three different ways. In the totalizer
so far described, if, when the register members
stood at 000, one were subtracted, the register
members would show 999 which is the tens comple-
ment of 1. In many operations, of statistical ma-
45 chines negative numbers are conveniently ex-

pressed as nines complements, by which minus 1

is expressed as 998. The totalizer can be arranged

to indicate the nines complement of a negative
total by the provision of a transfer mechanism

50 to the highest denomination, as shown in Figure

7 in the case of the hundreds denomination, con-

nection being made by the wire 100 from the

blade 49 to the units denomination. Then, in sub-
traction, if the hundreds register member passes

656 from 0 to 9, digit 1 is subtracted from the units

denomination and the subtraction, for instance
of one from 000 would give the result 998, which
is the nines complement. The third way is to
show the total as a true number, whether positive
go or negative. Thus the same number 001 would be

<«
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‘shown whether a unit were added or subtracted . .

from 000, but an indication would be given to
show whether the number shown was positive or
negative. This can be done by using for instance
65 two indicating wheels on the register member in
each denomination, the number indicated on one
wheel being the nines complement of that on the
other wheel, dnd by providing an auxiliary de-
nomination for indicating purposes only. This
70 auxiliary denomination will then stahd at 0 so
long as the fotal in the totalizer is positive but
will move to 9 if an amount be subtracted greater
than the positive total. . One of the indicating
wheels in each denomination will show a digit
75 of the frue positive total if the auxiliary denomi-
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nation shows 0, and the other indicating wheel
will show a digit of the true negative total if the
auxiliary denomination shows 9.

The circuits of Pigure T will effect this if it be
assumed that the totalizer has units and tens de-
nominations only, the hundreds denomination

_serving as auxiliary denomination. Then when,

" in subtraction, the tens denomination passes from
0 to 9, the auxiliary hundreds denomination, pre- -
viously at 0, will move to 9, and will transfer one 10

" by subtracting it from the units denomination,
and the negative indicating wheel will show a -
true negative total. When, by addition, the tens
denomination passes from 9 to 0, the auxiliary
hundreds denomination will move back to 0 and
will transfer one by adding it to the units denom-
ination; and the positive indicating wheel will
show a true positive total. ]

The following example shows the operation, the
subtraction and addition of 1 being shown as a 20
separate step. The letters AD mean auxillary
denomination. It should be noted that corre-
sponding digits in the two indicating wheels al-
ways addup to 9.

5

15

Indi-
cating
positive

‘Wheels -

A.D. Degative

55

20 30

21
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75

74
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When the totalizer is used in connection with
statistical or other calculating machines, it is
generally required that the amount registered
should be printed. or should be transferred into
another totalizer in which calculations are ef-
fected on it. For this purpose the register mem-
ber order shown is provided with two read-out
commutators. These are shown in section in Fig-
ure 2 and in place with the cover rings removed
in Figure 9. The two commutators are similar
and each consists of a ring of Insulating mate-
rial 10f, fixed to the plate i, in which are em-
bedded ten contact pieces 102 extending over
one-third of the circumference. The contact
pieces are thus separated by an angular distance
equal to that of the nofches on the locking plate
20. Opposite these contact pieces is a common

' contact strip 163 embedded in the ring 181, and
extending over half the circumference. Keyed to
the shaft {9 of the register member is a metal
bushing 104 carrying a ring of insulating mate-
rial {05 in which three contact brushes 108 at
120 degrees apart are adapted to slide. These are-
pressed outwards sgainst the contact pieces {02
and strip 103 by a coiled spring 107, which serves
also to connect the brushes together electrically.
In rotating, therefore, as soon as one of the -
brushes, in passing over the ten contact pieces
102, has connected them successively to the com-
mon contact strip 103, through one of the other
brushes, the succeeding brush connects them suc-
cessively to the common contact strip.

In the circuit diagram Figure 10, showing eight
denominations of a totalizer, the positive com-
mutators are represented diagrammatically by
the contact pieces 102 and the negative by the
contact pieces 102n, and the common strips by
the reference letters 103 and 103n respectively.
Likewise, the brushes of the positive and nega-

" tive commutators are distinguished as (06 and

40

f06n, as indicated for the denomination at the 73

70 rality of independent totalizers.

5
bottom of Fig. 10.  As seen in this diagram, the
contact pieces of the positive and negative com-
mutators of a denomination are connected elec-
trically so that contact piece 9 on one is con-
nected to 9 on the other, 8 to 8, 7.to 7, apd 50 on.
For simplicity of illustration, the wiring between
the contact pleces of the positive and negative
commutators of some of the denominations has
been omitted in Pig. 10, and the contact pleces
103 and 103n are shown in juxtaposition to all
their associated contact pieces only for the de-.
nomination shown at the bottom of this figure.
It will be understood, however, that the wiring
between the contact pieces of each pair of com-
mutators and the strips 183 and i03n of each
such pair are the same for each denomination.
The contact pieces of the positive commutators
of all denominations are connected to contacts
108 of an emitter (08°'by wires 110. The emitter
109, with common strip 111 and brushes 112 is
of the ordinary type used in Hollerith tabulating
machines and serves to connect the supply line
88 successively to the contact pleces of all the

‘commutators. The common strips 103 and (83n

are connected respectively to contacts Alida to
Dii3a and All3an to Dii3an of the four re-
lays Af13 to DI13. Normally, contacts Ali3a to
Di(3a are closed, thereby connecting the positive
commutators to magnets {14, Thus, if the lower-
most denominations shown in Fig. 10 registered
the positive value 5, a positive value readout cir-
cuit for this denomination would be closed dur-
ing operation of the emitter i98 as the brush 12
reached the “5” contact 108, as follows: from
line 96, via common emitter strip (11, brush (12,
“5” contact 108, connected wire | l 0, the “5”
contact piece loz of the said denomination, the
brush 186, common strip 103, and, via the con-
nected contacts Dii3ag, through the lowermost
magnet |14, to line 96a. In a manner explained

. later, when a negative number stands in the
© ‘totalizer containing the denomination, the as-

sociated one of the All3a to DIl3a contacts is
opened and the associated one of the Ali3an to

-45 Di13an contacts is closed. The value represent-

ed in tie negative commutator will then be read
out. For example, if the lowermost denomina-
tion in Fig. 10 registers the negative value 3, a
negative value readout circuit through the re-

50 lated magnet {14 will extend from line 96 via

the emitter 189, in “3"” position, to the “3” con-
tact piece 102 of the denomination, thence via
the connection to the “3” contact piece 102n of
this denomination, brush 186n, strip 103n, con-

55 tacts Dii3an, and through the lowermost mag-

net 14 to the supply line 96a. The magnet 14
may be the magnet in a tabulating machine
causing the digit registered in the denomination -
of the totalizer to be printed, or it may repre-

60 sent, for instance, the actuating magnet of a

totalizer to which the reading of the denomina-
tion is transferred.

The circuit diagram in Figure 10 shows the
manner in which the true total, whether positive

65 or negative, registered by the totalizer is read

out to the magnets 114, and also shows the man-
ner in which a plurality of denominations (eight
being shown in the drawings) may be connected
so as to form either a single totalizer or a plu-
In the draw-
ings, the denominations are shown permanently
connected in paijrs, but divisible so that two
totalizers of two and six denominations or four
and four denominations can be formed, and the
plug connections shown are for two totalizers of
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four and four denominations. From this dia-
gram it will be clear how any number of de-
nominations may be connected so as to form any

combinations of them into totalizers. When a .

totalizer has a fixed number of denominations,
reversible gearing, with a single intermediate
shaft 5, as shown in Figs. 1 and 4, and controlled
by a single magnet 89 and associated relay 87—
-97a—91b, as shown in Fig. 7, may be used for
all the denominations. When, however, & num-
ber of denominations are to be capable of being
combined together to form one, two or more
totalizers, a plurality of reversible gearings, each
with its related magnet 88 and relay 97—81a—
87Tb, must be provided. In the arrangement,
shown in Figure 10, in which the denominations
are permanently connected in pairs, reversible
gearing and an associated magnet 89 with con-
trol relay is provided for the two denominations
of each pair, and two wheels 8, one for each de-
nomination, may be conveniently mounted on a
sleeve on a fixed shaft, one of the wheels 8 being
driven by the wheel 31. If it be desired that any
one denomination be capable of being connected
with any others to forin a totalizer, each denomi-
nation must be provided with its own reversible
gearing, controlled by a related magnet 83 and
relay 91—987a—97b, and the wheels 8, one for
each denomination, may be mounted on studs on
the plates I. The entry magnets 34, transfer re-
lays 95 with their contacts 95z and 95b and
transfer contacts 49, 50 and 51 are shown as in

Figure 7, but only the wires 84 leading to the

lower brushes are shown, and the circuits for
operating the reversing control magnets 89 and
associated relays 87—97a——9T1b, with the upper
Jbrushes, are omitted, since circuits for each mag-
net 89 and associated relay are such as shown in
Fig. 7. The four pairs of denominations are
distinguished by the letters A, B, C;, D. The con-
nections shown give two independent totalizers,
one of which may be called the A—B totalizer;
composed of pairs of denominations A and B, s
arranged that the units and tens denominations
of the totalizer A—B are in pair A and the hun-
dreds and thousands (TH) denominations are in
pair B. ‘The other totalizer may be called C—D,
with pair of denominations so arranged that the
units and tens denominations are in pair C and
the hundreds and thousands denominations are
in pair D. The wire 100 which, in Figure 7 con-
nects the contact blade 48 of the highest denomi-
nation to the contact 95b of the lowest denomi-
nation, to transfer one, is divided, in Figure 10,
by plug connections 15, and the connections
shown join the contact 48 of the thousands de-
nomination in B to the contact 950 units de-
nomination in A, and the contact 48 of the thou-
sands denomination in D to the contact 85b of
the units denomination in C. Plug connections
116 are also provided whereby the contact blade
49 of the highest denomination in each pair may
be connected either to the wire 180 or to the
contact -95b in the first denomination in an-
other pair. :

There will now be described the manner in
which selection is made between the positive and
negative read-out commutators, so that the com-
mutators which register the true total, positive
or negative, are connected to the magnets 1 4.
Heretofore this selection has commonly been
made by allocating  one denomination of the
totalizer to the function of selection, so that this
denomination is not available as one of the add-
ing or subtiracting denominations. By the de-

70 tacts 125’a to relay 118’.
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vices shown in Figure 10, selection is made while
all denominations are available for adding or
subtracting. This is possible because means are
provided to store, in effect, the sign of the
amount registered by the totalizer. In short,
considering the totalizer A—B and the embodi-
ment shown in Fig. 10, upon passage of the
totalizer from a positive to a negative amount
registration, a relay 118 is energized and held
until the totalizer returns to a positive amount
registration. The relay 1i8 when in energized
status enables the true figures of a negative
amount to be read out and when in deenergized
"status enables the positive amount to be read
out. - Since means are provided to store, in ef-
fect, the sign of the registered amount, the high-
est denomination of the totalizer may be used
to receive any of the digits of the notation since
it is unnecessary to resrict the positions of the
“highest denomination to the 9 and 0 positions
as indications of negative and positive amounts,
respectively. A detailed description of the sign
storing means and the means related thereto is
given in succeeding portions of the specifica-
tion. An any cycle in which the amount reg-
istered.is a totalizer is to be read out to energize
magnets |14, the emitter 199 completes negative
value or positive value readout circuits, such as
previously traced, depending on whether the
amount in the totalizer is negative or positive.
When the registered amount in the totalizer A—B
is positive, the contacts Al13a and Bif3a will
be closed and positive value readout circuits wiil
- be formed to read out the registered amount.
35 On the other hand, if the registered amount is
negative, contacts All3an and Bli3an will be
closed and negative value readout circuits will
be completed. Similarly, negative or positive
value readout circuits will be completed for read-
ing out the totalizer C—D depending upon
whether contacts Cli{3an and Dii3an or Cilda
and DI13a are closed. The adjustment of these
several contacts is controlled by their corre-
spondingly lettered relays coils A1{3 to DI13. By
45 plug connections 111, the four relay coils All3,
BIi3, Cl113, and Dii3 can be connected as de-
sired to the two contacts 118a and 118’a of the
two relays 118 and 118’. With the plugging
shown in Fig. 10, if contacts 118a are closed, coils
50 A113 and Bii3 will be energized upon closure of
cam contacts 119, and if contacts 118’a are
closed, coils C113 and D113 will be similarly en-
ergized. Relays 118 and 118’ are elements of a
selection means for selecting either the positive
55 or negative commutdtors of totalizers to be read
out. Two such selection means are required for
the arrangement shown in Fig. 10, each such
selection means being under contrel of one of
the totalizers A—B and C-—D. To provide for
60 the requisite control, by the totalizer A—B of the
selection means including relay 118, the highest
denomination (TH) of this totalizer has jts con-
tact blade 49 connected by means including plug-
wires 116, 122, and 120 to the cam contacts .
65 designated 124 which lead via normally closed
contacts 125a to relay {18. Similarly, the high-
est denomination of-totalizer C—D is connected
by means including plugwire 120’ to cam con-
tacts 124’ which lead via normally closed con-
It may be mentioned
that cam contacts 124 and 124’ are commonly
operated and timed.
Now so long as the register member of the
highest denomination registers a true positive
75 number, that is to say any number from 0000 fo
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9999, the contact blade 49 makes no contact with -
contact §f, but if, in subtraction, the number ix
decreased below 0000 to become negative, the
highest denomination passes from 0 to 9 and the
contact 49—8{ is made. Then a circuit is com-
pleted from line 8¢ through cam contacts 23,
contacts 51—49 of the highest denomination of,
say, totalizer A-—B, plug connection 26, cam con-
tacts 124, contacts 128a of relay 12§, which are
" normally closed, relay 118 {o line 86a. Thereby 10
relays Al{3 and Bii3 are operated to close con-
tacts All3an and Bli3an to make the negative
commutators of totalizer A—B effective. This
circuit through relay {18 will not be completed
on the following cycle, because contacts 4981 15
will no longer be made. Provision therefore is
made to retain a circuit through relay {18, as fol-
lows: Relay 118 also closes contact 118b, to es-
tablish a circuit from line 98, contacts 118b, nor-
mally closed contacts (28a, relays 125 ahd 118 to
line 88a. Relay 125 is not however energized
until cam contacts (24 are opened, because it is
shunted by the circuit through these contacts.
When contacts 124 are opened, relay {25 becomes
energized and closes its contacts 128b to connect
contacts 128 through relay 126 to line 88a.
Thereby a circuit is prepared through relay 126
when contacts 48—81 are next made. So long
as they are not made, that is to say, so long as the
totalizer does not pass back from 9 to 0-in its
highest denomination, the  circuit remains
through relay {18 by way of its contacts {18 and
contacts 126a. When the totalizer does so pass
back, contacts 49—8{ are made to complete the
circuit through relay 128, whereby its contacts
{268b are first made and then contacts i28a bro-
ken. The circuit through relays 118 and 12§ is
then maintained through contacts 126b. until
cam contacts 124 open, when relay |8 is de-en-
ergised to make the positive commutators again
effective, The parts are then again in normal
position. In g similar manner, when the totalizer
C—D passes from a positive to a negative value,
the contacts #9—51 of the highest denomina-
tion in this totalizer close and when cam contacts
123 and (2#&’ close. a circult makes from line 9§
via contacts 123, 49—51 in the TH denomination
of C—D, wire 100, plugwire {28’, cam contacts
124’, contacts 125’a, and relay (18’ to line %6a.
This relay is held energized until these contacts
49—51 again close as a result.of the totalizer
C—D passing back to & positive value. The means
for maintaining 118’ energized is similar to the
means described for maintaining {18 energized,
with the relays 125’ and 126’ functioning in the
same way as the relays 125 and 126. It may be ob-
served from the timing chart, Fig. 8, that cam
cortacts 127 which close to cause transfers to be
carried out are timed to make after the cam con-
tacts 123 and 124 and {24’ have closed and 60
opened. If a totalizer registered, say, positive
amount 9314 and in a cycle, 9382 were subtracted.

the denominations would register, before the
transfer period, 0032. The tens denomination
transfer contacts 48—51 would be closed and the 63
contacts 49-—50 in the hundreds and thousands
denominations would be closed. In such a case,

the circuit of the selection relay 118 or 118’ is
made via the closed 48—B1 contacts and the con-
tacts 49—50 of the higher denominations. As- 70
suming, for instance, that this example were ap-
plied to totalizer A—B, the circuit of relay 1i8
would make from line 96 via contacts 123, con-
tacts 49—81 of the tens denomination, in A,
thence via a plugwire | (6, contacts 49—50 of the 75

25

40
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7’,
hundreds denomination, contacts 43—U¥8 of the
thousands denomination, another plugwire 11§,
plugwire 122, line 121, plugwire 128, cam contacts
124, contacts (28a, nnd through relay (18, to
line 88a. Inthlsmmner.theselecﬂonmelnsm-
ticipates the transfer operation which will bring
the highest denomination of the {otalizer from a
zero value position to a negative 1 value position.
Likewise, it passing back of a totalizer from a
negative value to a positive value is to be effected -

- as'a result of a long carry, the selection means an-
- ticipates this result by eneigizing the prepared 126

or 126’ relay magnet by way of one short carry -
contact and following long carry cantacts. The -

preeentinvenﬂonisnotconeemedidthme‘mfor,_ o
" denoting the sign of the balance read out of a

totalizer. It is manifest, however, that each of .
the magnets Al3 to DII3 may contirol sign de-
noting means in the same way as magnet 124 of
Kolm Patent 2,019,863 controls sign printing
meansorinthesamewayastheprlntlngofan '
asteﬂskiscontmnedinPelrce_Patentzoscm i
For the circuit network shown in Fig. 10 where
magnets All3 and Bl 13 are plugged together for

common operation, only one of these magnets may

suffice to control sign denoting means for the to-
talizer A—B. Similarly, only one of the mag-
nets C{i3 and Dil3 need be utilized to control
sign denoting means for totalizer C—D.

An alternative form of device for operating the -
contacts [ 18a and 1 18’a is shown diagrammatical-
ly in Figure 11. In the alternative form, the con-
tacts |i8a are operated by a cam {28 which is

" on the shatt of a ratchet wheel 129 with ratchet

pawl 130 on the armature 131 of an electro mag-
net 132. The ratchet wheel |29 has twice as many
teeth as the cam {28 has projections so that,
when operated step by step by the magnet 132,

:the contacts {i8a are alternatively closed and

opened. The magnet 132 is arranged to be ener-
gized by a circuit which starts in the same way as
the circuit for coil 18 (Fig. 10) ; i. e., from line 8¢
via contacts 123, the contacts 48—3i of the high-
est order of totalizer A—B. the plugwire 122, line

3 121. and to the plugwire {20. The circuit is com-

pleted, as indicated in Fig. 11, from plugwire {20
through magnet 132, to line 96a. It will be noted
that cam contacts 124 are unnecessary here be-.
cause it is not required to maintain magnet 132

50 energized, whereas in the Fig. 10 form, the magnet

{18 must be held energized by means including a
relay 125 which is shunted by contacts 124 and
does not take effect until the latter contacts open.
On the other hand, with the means shown in
Fig. 11, the magnet 132 need be energized only
momentarily to effect a step of movement of
ratchet 129 and connected cam 128. The cam
128 itself holds the contacts { {8a in adjusted posi-
tion until magnet 132 is again energized by a suc-
ceeding closure of contacts 49—5i (occurring
upon a reverse movement of the highest order
through the critical position). In a similar man-
ner, the magnet 132’ may be energized by a circuit
which extends from line 96 (Pig. 10) via cam con-
tacts 123, the contacts 49—51{ of the highest order
of totalizer C—D, thence via wire {00 to plugwire
120’. The circuit will he completed, as shown in -
Fig. 11, from plugwire {20’ through magnet 132,
to line 96a. Energization of magnet 132’ at-
tracts armature 131; thereby rocking pawl 138"
to effect a step of movement of the ratchet 129’
which is rigidly connected to cam (28’. Cam

- 128’ operates contacts [18’a, the function of

which is the same as that of the contacts (18’a
in Fig. 10. Consequently, referring to the A—B
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totalizer, starting from a positive total, the’ cir-
cuit of magnet §32 is completed by closing of con-
tacts 5{—48 when the total becomes negative, and
the cam 128 is then arranged to close the contacts
{i8a to connect the negative commutators in
circult. When the contacts §1—A8 are next
closed, on the total becoming positive, the cam
128 is actuated to open the contacts t18a to con-
nect the positive commutators in circuit.
As explained previously, each denomination of
a totalizer will have means for manifesting a
positive balance and means for manifesting a neg-
ative balance. The positive balance manifest-
ing means will manifest a digit of the true posi-
tive total, and the negative means will manifest
" adigit of the true negative total. The digits of the
two manifesting devices simultaneously at index
positions always add up to 9, as explained before.
Thus, in Fig. 10, where the manifesting means
are negative and positive readout commutators,
when a brush 106 of the positive commutator is
on the 0 spot, the brush 106 of the companion neg-
ative commutator is on the 9 spot. Now, assume
the totalizer is at 0 positive starting position and
has four denominations. When all four denomi-
nations are to receive entries of any of the digits
of the notation, the capacity of the totalizer is
9999, negative or positive. Assume that plus
9999 is entered. None of the register members
will pass from 9 to 0 and, hence, carries will not
be effected. The positive commutators will mani-
fest 9999 and such total may be read out there-
from during a total taking operation. Assume,
instead, that minus 9999 is to be entered. With
the totalizer in zero positive start position, the
brushes of the negative .commutators will be in-
jtially on the 9 spots of the four negative commu-
tators of the totalizer. The entry of negative 9999
_ causes the register members to move in a sub--
tract direction through nine steps in each order.
Each negative commutator brush will thus move
from 9 to 0, 0 to 1, and so on to the 8 spot. But,
. when & register member moves in a subiract di-
rection from negative 9 indicating position to
negative 0 indicating position, the register mem-
ber is also moving in a subtract direction from
positive 0 indicating position to positive 9 indl-
cating position. As explained before, during such
movement, lug 6i of negative transfer cam 22
is effective to operate an arm 51 to cause contact
arm #5 to engage its contact 49 with contact 51.
Consequently, during the transfer period after

entry of negative 9999, negative 1 will be carried .

from each order to the next higher order and from
the highest order to the units order. At the end
of the carry enfry period, the negative commuta~-
tors will have their brushes engaged with their
9 spots. Further, since contacts 49—51 of the
highest order were closed, the circuit of related
magnet 118 will be closed upon closure of cam
contacts 123 and 124. Accordingly, the negative
commutators will be effective during total taking
operation, and negative total 9999 will be read
out.
Assume, next, that positive 5000 is entered dur-
ing an entry or card cycle. When the negative
- registration is 9999, the positive registration is
the nines complement; i. €., 0000. The addition
of 5000 during the first card cycle moves the regis-
ter denominations to ‘positive 5000 positions and
10 negative 4999 positions. Assume that the next
entry is positive 4993. At completion of this en-
iry, the register member will be in positive posi-
tions 9999 and in mnegative positions 0000. . The
negative commutators will 'still be effective for

total readout operations, so that a total taking
operation at this time would cause the true bal-
ance 0000 to be read out. Assume 8 next entry of
positive 1. The entry of positive 1 in the units
& order advances it from positive 9 to positive 0
position and from negative 0 position to negative
9 position. As the units order moves in an adding
direction from 9 to 0, additive carry of 1 is effected
to the tens order and, through the long carry con-
10 tacts 49—50 of the tens, hundreds, and thous-
ands order, positive 1 is carried-also to the hun-
dreds, thousands, and units orders. At the end
of this entry and carry period, the totalizer will
be in positive 0001 position. As 1 was carried to
15 the thousands order, its related transfer contacts
49—51 were closed. Hence, upon closure of cam
contacts 123 and 24, magnet 126 is energized,
causing deenergization of magnet {18, so that
the positive commutators will be rendered -effec-
90 tive for total readout.

The same principle of operation is applicable
where the highest order of the totalizer is not to
be used for receiving entry from the card of any
number 1 to 9. Thus, in' the {otalizer discussed

25 previously in connection with Fig. 7, there were
three orders, of which the hundreds order was to
be used merely as a negative or positive balance
detecting means. Assume-entry of maximum
positive 99 in such a totalizer. There will be no

30 carry effected from any order to the next. The
positive commutators will be effective and 99 will

" be read out in a total taking cycle. Assume, in-

stead, that maximum negative entry 99 were
made. Then, as the units order moved in g sub-

35 tract direction from positive 0 position to posi-
tive 1 position, carry contacts 49—5{ would be
closed. Similarly, carry contacts 48—5{ of the
tens order would be closed. Accordingly, during
the carry period, 1 will be carried in & subtrac-

40 tive direction from units to tens order and from

tens to hundreds orders. Further, with the hun-
dreds order initially at 0 position and the totalizer
conditioned for subtraction, a notch 60 of nega-
tive carry cam 22 will be receiving the projection

58 of arm 57 (Fig. 1) and the arm will be in con-

trol of interposer 53. Hence, the contacts 43—50

.of the hundreds order will be closed. Thus, upon

entry of negative 99, a long negative carry will
be effected from the hundreds to the units order.

50 At the end of carry operations, the register mem-
bers will be in positive value posiéions 900.. As
the hundreds order moved in a subtract direc-
tion from positive 0 to positive 9 position, con-
tacts 83—5i were closed. Hence, upon closure

55 of cam contacts 123 and 124, magnet 118 will be

energized and the negative commutators selected
for readout operation. With the register mem-
bers in positive 900 positions, the negative regis-
tration is 099. As usual, when the highest order

60 is merely a kind of balance detecting order, no

total is taken therefrom. Hence, with the nega-
tive commutators of the tens and units order
reading 99, this negative balance will be read out

during & fotal taking operation. .

The operating circuits for the magnets 89 of
the reversing gears are not shown in Figure 10,
because each circuit is similar to thet shown in
Figure 7. As explained each of the four pairs
of denominations A, B, C, D, has its own revers-
70 ible gearing and related magnet 89 and asso-

ciated relay 91—87a—87b. The two circuits. for

the relay coils 97 of the denominztions A and B

will both be connected to the single brush of the

upper brushes, which reads the subtraction des-

75 ignating hole pertaining to the numbers to be

4
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entered into the totalizer A—B. Similarly the
two circuits for the relay coils 871 of the denomi-
nations C and D will be connected together to
the brush which reads the subtraction desig-
nating hole pertaining to the numbers to be en-
tered into the totalizer C—D. )

In the arrangement shown the positive com-
mutators are normally effective and the select-
ing means operate to cause the negative com-
mutators to beco:ne effective, but the reverse ar-
rangement, in which the negstive commutators
are normally effective can equslly well be used.
In such reverse arrangement, it will be under-
stood that the starting position of the totalizer
will be negative position 0 which corresponds
to positive position 9.

The totalizer shown and describéd is arranged

to operate on the decimal notation, but it will
operate on other notations if the transfer cams
have the appropriate number of notches and pro-
Jjections and the locking plates 20 and 23 the ap-

propriate numbers of teeth. Thus, a denomina-

tion may be arranged to add and subtract halves
(units of ten shillings for example) by provid-
ing fifteen notches and projections on the irans-
fer cams instead of three. Or.a denomination
may be arranged to operate on the duodecimal
notation (units of pence for example) by provid-
ing the locking plates 20 and 23 with 36 and 24
teeth respectively instead of 30 and 20, the trans-
fer cam having three notches and projections.

. Thereby the magnet 34 may be energised at any

of twelve points in a cycle. The indicating wheels
or read-out commutators on the register mem-
ber will be given the appropriate indication, or
segments and connections.

In punched cards, however, it is the- usual
practice to record digits in the duodecimal nota-
tion by recording the digits 9 to 0 in the posi-
tions ususal in the decimal notation and to record
the digits 10 and 11 in two positions at the X
and Y points respectively in the cycle. Since
these positions follow the 0 position instead of
immediately preceding the 9 position, it is cus-
tomary to read the duodecimal column by upper

“brushes during a cycle previous to the cycle in

which the card is read by the lower brushes and
to register the hole read in a “pence trans-
lator” which emits an impulse to the entry mag-
net at the proper point in the next cycle. Assuch

‘translators are well known, their arrangement

need not be described.
Alternatively, a duodecimal column may be

read and registered in the totalizer without the
" use of a translator as follows. The register mem- -

ber of the totalizer, comprising the transfer cams
and indicating or read-out devices, is not fixed
to the wheel 18 and the locking plate 20, as shown
in Figures 1 and 3, but is geared to them by gear
wheels with ratio 10 to 12, so that the transfer
cams turn through 120 degrees from one irans-
fer portion to the next while the locking plate

- 20 turns through the space of 12 teeth. ‘A con-

venient arrangement for this is shown in Fig-
ure 12, which, by comparison with Figure 2, shows
the modifications necessary. The locking plate
28 is loose on the sleeve 16 and is fixed to a
wheel 133 of 40 teeth which engages a pinion 134
pivoted on a bracket {35 fixed to the plate .
The shaft 19 is eccentric in the sgleeve 1§ and
carries s wheel 138 of 48 teeth and the two trans-
fer cams 21 and 22. The wheel 13¢ engages the
pinion 134, {he eccentricity of the shaft {8 be-
ing made equal to the difference between the
radii of the wheels 133 and 138. Therebythe
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-shown in Figure 13.

transfer cams and shaft 18 are geared to the
locking plate 28 in the ratio 10 to 12.

The digits from 9 to 0 are entered into the de-
nomination by energising the magnet 34 at the
appropriate points in the cycle as in a decimal
denomination. The digits 10 and 11 are entered
by energising the magnet at the G and F points
respectively, that is, at one and two points re-
spectively before the 9 point. 'These positions
are read by the upper brushes and the energising
of the magnet 34 is controlled by the circuits
These circuits are addi-
tional to those shown in Figure 7 and are shown
applied to the units denomination; the circuits of
Figure 7 are not therefore repeated in full in Pig-
ure 13. The upper brush of the brushes UB which

- reads the duodecimal column is connected to

25

- contacts 154.
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a relay 138 and then, in paralle] circuits, through
relay 139 and cam contact 148 and through re-
lay {41 and cam contact 142. Cam contact 148

closes at X, so that if the said upper brush makes

contact at an X hole indicating a digit 10, the
circuit through relays 138 and (38 is complete.
The relay 138 closes its contacts 138a to estab-
lish a holding circuit through relay 139 after the
hole has passed the brush, such circuit extend-
ing from line 96a via the holding contacts 13%a,
relay 139, relay 138, relay contacts 138a and cam
The auxiliary contacts i39b are
also closed during this time in circuit with the
cam contacts 143 and contacts 98a of the units
order entry magnet 34. Cam contact 143 closes
at G in the cycle which is 1 index point ahead
of 9 in the following cycle and thereby enters the
value 10. In the parallel circuit cam contact 142
closes at Y to energise relay {41 in the event of a
hole being present at the 11th or Y index point
on the card, the circuit being maintained by re-
lay contacts i4ia, relay coil i4i, relay 138, re-
lay contacts 138a and cam contact [54. Cam
contact 144 closes at F in the cycle 2 index points
head of 9 in the following cycle and completes
the circuit through the closed contacts 14ib, con-
tacts 85a and the units order entry magnet 34,
thereby entering the value 11. Provision is made

" to prevent similar entries being made in other

denominations by the opening of contacts 138b

- in the circuit between contacts $5a and the lower
" brush through the energisation of relay {38 con-

sequent upon either a 10 or 11 hole being present
in the column. Other values 9 to 0 can thus be
sensed by the lower brush and effect energisation
of the units order entry magnet 34 through the
normally closed contacts {38b at the appropri-
-ate times.

The register member may be controlled in other
ways than by the magnet 34 with cams 31, 32
and 84. For example, the cams may be dispensed
with by the arrangement shown in Figure 14.

This figure shows the modifications to be in-

troduced into the arrangement of Figure 1, parts
remaining without modification not being shown,

- excepting the locking plate 20 and the locking
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plate 23. The magnet 34 is replaced by the magnet
{45 which, when energised attracts the armature
146 on the arm 24 of the {two-armed lever 24, 25
pivoted, as in Figure 1, at 28. As in Figure 1, the
arms 24 and 25 are adapted to lock the two plates
28/and 23 respectively. When the magnet 145
is energized, arm 24 disengages from the lock-
ing plate 20 and arm 2§ locks the plate 23, and
the register member is then turned. When the

" magnet (45 ceases to be energised, a spring 141
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returns the lever 24, 2§ into the position shown,
in which the register member is locked by the plate
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28. 'The register member then turns during the
period in which the magnet 45 is energised, and
the number read from a punched card can be
entered into the register member by keeping the
magnet energised from the point in the cycle
at which the digit recorded is read until point 0
in the cycle. Similarly, carry value 1 can be
entered by energising the magnet 145 for a pe-
riod equal to the interval between two successive
points in the cycle, and this may be effected by
causing the transfer cam {21 (Figure 7) to close
its contacts for this period. The arm 44 of the
lever which latches the transfer arms may be
unlatched by means of thg magnet {48, which,
when energised, gttracts the armature 149 on
the other arm (58 of the lever 44, 150, into the
position shown. The lever 4 150 is spring-
pressed counter-clockwise by the spring 151. The
magnet 148 may be included in the circuit of cam
contact 99, as shown in dotted lines in Figure 1.
The modification in the circuits of Figure 7 re-
quired to energise the entry control magnet for
the period representing the digit read is shown in
Figure 15. The lines 94, instead of running di-
rectly from the lower brushes Li»to the contacts
§5q of the entry control magnets 34, as in Fig. 7,
pass through relays 152 to entry fnagnets such
as 145, one of which-is shown in Fig. 15. ‘These
relays have holding contacts [52a which main-
tain the circuit from line 36, cam contact 153,
contacts 152a, relay 152, wire 84, contacts 85e,
entry control magnet 145 to line 96a. This cir-
cuit is broken at point.0 by the cam contact I53.

While there has been shown and described
and pointed out the fundamental novel features
of the invention as applied to the llustrated
structures, it will be understood that various
omissions and Substitutions and changes in the
form and details of the structures jllustrated and
in their operation may be made by those skilled
in the art without departing from the spirit of
the invention. It is the intention therefore to
be limited only as indicated by the scope of the
following claims.

What is claimed is:

1. In combination, denominational orders of
register members, gearing to move the members
in one direction to add and in the opposite direc-
tion to subtract values, a common entry control
magnet for governing the extent of such move-
ment of a member in either direction, means to
selectively govern the -direction in which said
gearing moves said members, a circuit for ener-
gizing the magnet to cause the related member
to receive a carry entry movemeng from the gear-
ine, switch means in said circuit, & pair of al-
ternatively effective transfer devices operated by
the preceding order member to close the switch
means, and means controlled by the gearing, in
accordance with the direction of movement of
the members affected thereby, for selectively ren-
dering one of said devices effective and the other
ineffective, whereby one of the devices will be
effective during adding operation and the other
will be effective during subtracting operation.

2. In combination, a denominational order reg-
ister member, means to actuate the member in
ascending direction during addition and in de-
scending direction during subtraction, said mem-
ber including an adding fransfer cam and a sub-
traction transfer cam, a single transfer switch,
means for operating said switch under control of
either cam and including selectively shiftable in-
terponent means for placing the switch under
control of either cam, means for selectively shift-

2,390,441

10

15

20

25

ing the interponent means to place the switch
either under control of the adding transfer cam
to be operated thereby as the register member
moves during addition to a predetermined posi-
tive value position or under control of the sub-
traction transfer cam to be operated thereby as-
the register member during subtraction moves to
a predetermined negative value position, trans-
fer effecting means to effect a transfer from said
order register member to another order regis-
ter member, and a circuit effective under control
of said switch for bringing about operation of
the transfer effecting means.

3. In a machine having denominational order
register members, including the highest order
member, movable variable, differential extents
in positive direction or in opposite, negative direc-
tion to receive entries of positive or negative
values, respectively, and having carry contacts
closed by the highest order member to .control
carry to the units order member as the highest
order member during variable, differential entry
recelving movement in either direction traverses
a critical position, the combination of positive
and negative value readout commutators for each
order register member to respectively register true
positive and negative balances, a common emit-
ter having direct wiring to the positive commu-
tators and complementary wiring to the nega-
tive commutators of all the orders, a readout cir-
cuit for each order closed through said emitter
and having alternative switching connections to

. be adjusted into circuit either with the nega-
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tive or the positive commutator of the order, ad-
justing means for adjusting the switching con-
nections of the orders to shift said connections
from the readout commutators pertaining to one
sign balance to the readout commutators per-
taining to the opposite sign balance, means un-

40 der control of said carry contacts, when closed,
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to operate said adjusting means, and means for
maintaining the adjusting means in operation
after reopening of the carry contacts.

4. In a machine having a totalizer provided
with denominational order register members, in-
cluding the highest order member, movable var-
iable, differential extents in positive direction or
in opposite, negative direction to receive entries
of positive or negative values, raspectively, and
having carry contacts closed under control of the
highest order member to control carry to the
units order member as the highest order member
during variable entry receiving movement in
either girection traverses a critical position, the
combination of positive and negative electrical,
value readout members in each order connected
for common movement and complementarily
wired to one another, a readout circuit for each
order having alternative switching connections to
the positive and negative readout members, relay
means for shifting the switching connections
from the readout members pertaining to one sign
balance to the readout members pertaining to the
opposite sign balance, a circuit for operating said -
relay means, said circuit including said carry con-
tacts, means for completing said circuit after the
carry contacts have closed upon the highest order
register member traversing the critical position
while moving to receive an entry of a value of one
sign, g holding circuit for the relay means closed
after said carry contacts have reopened, and
means for breaking the holding circuit when the
carry switch is again closed during movement of
the highest order register member through said
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critical position when recelving entry of a value
of the opposite sign. .

5. In a machine having a totalizer provided
with denominational order register members, in-
cluding the highest order member, movable varia-
ble, differential extents in positive direction or in
opposite, negative direction to receive entries of
positive or negative values, respectively, and hav-
ing carry contacts closed under control of the
highest order member to control carry to the units
order member as the highest order member dur-
ing variable entry receiving movement in either
direction traverse a critical position, the combi-
nation of positive and negative electrical, value
readout members in each order connected for
common movement and wired complementarily
to one another, a readout circuit for each order
having alternative switching connections to the
positive and negative readout members, means
for shifting the switching connections from either
the positive to the negative readout members or
vice versa, g stepping device for rendering said

. shifting means effective to shift the switching
connections in one direction and then in the op-
posite direction upon successive steps of actuation
of the device, a magnet operating upon each en-
ergization thereof to effect a step of actuation of
the stepping device, and a circuit closed under
control of said carry contacts each time the
highest order member traverses the critical posi-
tion, while receiving an entry, for momentarily
energizing said magnet.
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6. In a machine having a totalizer with de-
nominational order register members, including
the highest order member, movable variable, dif-
ferential extents in one direction to receive posi-
tive value entries and in opposite direction to re-
ceive negative value entries and of which the
highest order member passes in one direction
through a critical position upon change in the
totalizer balance from one sign to the opposite
sign and passes in the opposite direction through
the critical position upon change in the totalizer
balance from the opposite sign to the previous
sign; the combination of readout circuits for
reading out the true figures of a negative balance
in the totalizer, alternative readout circuits for
reading out the true figures of a positive balance
in the totalizer, means for switching from the
readout circuits for one sign balance to the read-
out circuits for the opposite sign balance, con-
tacts closed by the highest order register mem-
ber upon passing in either direction through the
critical position, and electrical means alternately
rendered effective and ineffective, to operate the
switching means, under control of the contacts
and by successive closures of the contacts by the
highest order register member upon successive
reversals in sign of the balance in the totalizer.

-HAROLD HALL KEEN.
THOMAS OLIVER WRIGHT. -




