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UNITED STATES

PateEnT OFFICE.

GEORGE W. MACKENZIE AND THOMAS C. SLOANE, OF BEAVER, AND WILLIAM
P. HANNA, OF PITTSBURG, PENNSYLVANIA; SAID MAcKENZIE AND SAID
- SLOANE ASSIGNORS OF ONE-FOURTH OF THEIR RIGHT TO SAID HANNA.

CALCULATING-MACHINE.

SPECIFICATION forming part of Letters Patent No. 573,228, dated December 15, 18396.

Application filed April 11, 1895,

To all whom it may concern:

Be it known that we, GEORGE W. Mac-
KENZIE and THOMAS C. SLOANE, residing at
Beaver, in the county of Beaver, and WIL-

5 LIAM P.HANNA, residing at Pittsburg, county
of Allegheny, State of Pennsylvania, citizens
of the United States, have invented or dis-
covered a mnew and useful Improvement in
Caleulating-Machines, of which the follow-

1o ing is a full, clear, and exact description, ref-
crence being had to the accompanying draw-
ings, forming a part of this specification, in
which— : :

Figure 1 is a plan view of our machine,

15 showing the annuli or disks in a normal po-
sition. Fig. 2 is a cross-sectional view on
the lines II II of Fig. 1. Fig. 3 is a view
‘similar to Fig. 1, but showing the annuli or
disks in an altered position. Figs, 4, 5, and

20 6 are defail views showing different combi-
nations of the annuli or disks. Figs. 7 and
S are detail views, on an enlarged scale, illus-
trating the shifting or tens-carrying mechan-
ism ready to operate. Tigs. 9 and 10 are

25 similar detail views showing the annuli or
disks in an advanced position in the process
of operating. Fig. 11 is a sectional detail
view on the line XTI XTI of Fig. 8. TFig. 12 is
a similar view on the line XII XII of F'ig. 8.

30 Fig. 12* is a detail view in perspective illus-
trating a modifieation of the indicator-oper-
ating mechanism. Fig. 13 is a partial face
view of the machine, illustrating an opera-
tion in subtraction. Tig. 14isa similar view

35 illustrating an operation in multiplication.
Fig. 15 is a view of the machine provided
with an additional outside annulus consti-
tuting a factor-scale.

The same letters of reference refer to the

4o same or like parts wherever used throughout
this specification.

The object of our invention is to facilitate
mathematieal caleulations and computations
by mechanical means. It consists in an ar-

45 rangement of concentric annuli surrounding
adisk bearinginseriptionsand equaldivisons
upon their faces, designed to produce combi-
nations and results when certain of the mov-
able annuli or disks are caused {o rotate

50 with relation to other stationary anmuli or

Serial No. 545,404, (No model.)

disks and to be brought into register oraline-
ment with predetermined divisions on said
stationary annuli.

In the varions applications of our deviee
the general prineiple of its operation is found g3
in the relation of one or more movable an-
nuli or disks bearing inscribed thereon nu-
merals and equal divisions, which, in one po-
sition, correspond to like numerals and divi-
sions on a stationary annulus, but which, in 6o
combination with the inscriptions on the sta-
tionary annulus, are capable of prod ueing
certain results when the relative positions of
the stationary and movable annuli and disks
are changed. 65

It also consists in certain other additional
features and modifications of construction
relating to the operative mechanism which
will be hereinafter described.

In the machine illustrated in the drawings 70
the inscriptions and divisions on the station-
ary and movable annuli and disks extend
from one to one hundred, and we have found
in practice that such an arrangement and ex-
tent of numbers is quite within the range of 73
all the ordinary calculations to which our
machine is applicable. Kspecially in compu-
tations of any decimal system of money is
such an arrangement suitable, although it
will be found to operate equally well with 8o
other arrangements suited to different sys-
tems, and we wish to be understood as not
confining ourselves to the insceriptions shown
in the drawings, since these may be varied to
suit different requirements and conditions of 8;
use within the scope of our invention.

An especial and important feature of our
device consists in mechanism for shifting one
of the disks and in an indicator acting in con-
formity with such shifting mechanisin, as go
shall be more fully described hereinafter.

Ourapparatusiscapable, within reasonable
limits, of perforining calculations in addition,
subtraction, multiplication, and division in
‘an accurate and rapid manner, and in the gg
hands of a skilled operator is capable of per-
forming in a short time and with absolute
aceuraey such of those arithmetical caleula-
tions in bookkeeping, change-making, esti-
mating, &e., as are ordinarily laborious, te- 1co



I0

20

25

40

45

50

6o

dious, and subject to error. Many additional
applications will suggest themselves in the
course of operating our machine which are
not at first apparent, and we shall now de-
seribe some of the principal uses to which it
may be put.

Referring to the drawings, ¢ is the base of
the machine, to which is permanently secured
or made integral therewith the stationary an-
nulus b, on which are inscribed the equal di-
vigion-marks ¢ and the numerals, as shown,
from ‘17 to ““99,” inclusive, the hundredth
division Dbeing designated by a zero-mark.
Outside the stationary annulus b is the rotat-
ing annulus d, inscribed, like the stationary
annulus b, with a similar arrangement of
equal divisions and numerals, and which we
usually employ for making computations in
the units and tens of anynumber. Inside of
the stationary annulus 0 is the rotating hun-
dreds-disk e, inscribed with the same number
of equal divisions as the annuli b and d, and
itisnsed for computing the hundreds and tens
of hundreds. Iach movable annulus or disk
is furnished with an annular row of holes f,
which may be engaged by a pin g or 2, mount-
ed inan arm+, pivoted inthe centerof the disk
e,asatj. These pinsare preferably mounted
with a coiled spring % to hold them out of en-
gagement with the holes f until depressed by
the hand of the operator, when the hole will
be engaged by the pin and the annulus may
be rotated at will. An opening !isleftin the
hand < in register or alinement with the row
of numerals on the stationary annulus, so
that they may be read by the operatorin the
act of locating any desired number.

Any other desirable or preferred form of
operating-arm may be employed, if desired,
sinee we do not wish to confine ourselves to
the construction illustrated in the drawings,
and in fact the annulus or disk may be ro-
tated by hand, the point of a lead-pencil, or
otherconvenient means. Astop Aisinserted
in the frame to limit the travel of the arm %,
thus insuring an accurate stop at the zero-
point. It will be observed that the top sur-
faces of all of the annuli and disks are on
a plane, due to the concentric arrangement,
the inner edge of each additional annulus
from the center outwardly bearing on the
outer edge of the inner annulus or disk, thus
preventing any lapping over, as would be the
case if all the dials had a common central
bearing, but giving a truly circular rotation
for each movable annulus or disk and secur-
ing a plane level surface, which is a very de-
sirable feature.

Before commencing an operation in addi-
tion the movable annuli or disks are brought
into register or alinement with the stationary
annulus, as shown in Ifig. 1, that is, the mov-
able annulus and disk are sct at zero, when
it will he seen that any number which may
be read on the stationary annulus b will cor-
respond to the same number on either mov-
able annulus or disk. If now the arm ¢ is

brought around until the openinglisoverany
desired number—forinstance,*‘17”—the pins
g and I, will register or aline with the holes
f opposite the corresponding number in the
movable annulus or disk, and if it is desired
to add ‘177 in the units and fens columns
the pin ¢ is depressed by the hand of the op-
erator, engaging the hole, when the annunlus
or disk d may be moved around until <177
isoverthezero-pointin thestationaryannulus
b, asshown in Fig. 5. It will be observed that
now every number on the annulus ¢ will be
just seventeen greater thanthe number on the
stationary annulus b, with which it registers,
so that if now, in eontinuation, it is desired
to add additional numbers in the units and
tens column /, as, for instance, ‘°8,” the arm
7 is brought around until the opening I regis-
ters with “8” on the stationary annulus b,
when it will be found that the pin g will regis-
ter with the hole opposite the sum of ‘8™ and
the previously-added number, “17” or ¢“245.”
This number is then brought around in the
same manner as already deseribed untilover
the zero-mark on the stationary annulus b,
as illustrated in Fig. 4. The operation of
adding units and tens may be continued in
this manner until the number *“99” in the
units and tens annulus d is reached, which
exhausts the available numbers on such an-
nulus. Itis then desirable to add ““1” on
the hundreds-disk e before starting on a sec-
ond hundred with the nunits and tens annulus
d, when the annuli and disks will stand in the
position shown in Fig. 5 should an even hun-
dred be added; butif the operation of adding
the units and tens be continued the shifting
device illustrated in detail in Iigs. 7 to 12,
inclusive, will operate to move the hundreds
and tens-of-hundreds disk e one point, the
spring-controlled arrow m being operated by
a pawl 7 on the annulus ¢ to swing back into
the position shown in Fig. 1, indicating the
true sum in the hundreds and tens-of-hun-
dreds column, which, as shown in Fig. 1, be-
fore any addition has been made in such col-
umn is properly indicated by zero. If, how-
ever, an even hundred has been added and
the annulus d is stopped at the end of a full
rotation, the disk ¢ will have been shifted one
point and the arrow will indicate the proper
amount, as shown in I'ig. 5. Continuing,
however, to make additions on the annulus
d the pawl n will be disengaged from the ar-
row, when it will fly around by reason of the
spring p in conformity with the shifting of
the disk ¢ and indicate the aggregate sum on
the hundreds and tens-of-hundreds disk ¢, as
shown in TWig. 6, the units and tens annulus
d showing that an additional number—forin-
stance, ‘“10”—has been added in the second
hundred. TItwillbeobservedthattheshifting

of the arrow back to the position shown in
Fig. 1 1is accomplished every time a full ro-
tation is made by the annulus d, completing
the one hundred, and that as soon as the next
hundred is commenced on the units and tens
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annulus d the arrow will be released and
moves in conformity with the shifting of the
disk e. Thus the shifting of the disk e is ac-
complished simultaneously with the rotation
of the annulus d to register ““1” or more up
to ““99” and the arrow will continue to point
to the zero, as in Fig. 3, until, as already de-
scribed, it shifts back on the completion of
the hundred and again forward in conformity
with the movement of the disk e, the arrow
always pointing to the correct amount on the
hundreds and tens-of-hundreds disk e. 1t
will be seen that this operation will be re-
peated at the end of each complete rotation
of the units and tens annulus d, registering
the additional hundreds on the disk e and
properly indicating the sum by the arrow.
Thos at any time during the operation of
adding or at the end of the operation the
sum may be read in hundreds or tens of hun-
dreds, as indicated by the arrow on the disk
e and on the units and tens annulus d above
the zero-point on the stationary annulus b.
Ifor the purpose of facilitating the reading of
results we have shown the zero-divisions on
cach annulus and disk, as distinguished from
the other divisions, by shading. This effect
may be secured by using a different color or
material, or otherwise, and is a valuable aid
in operating the machine.

In Figs. 7 to 12*, inclusive, we have illus-
trated the indicating and shifting mechan-
ism. The arrow m is pivoted by its stem o
in the stationary annulus b, provided with a
spring p, tending to hold it constantly in the
position shown in Figs. 9 and 10 until the
pawl n, secured to the outer movable annu-
lus d, engages the pin Q, integral with the
stem o, throwing the arrow back into the posi-
tion shown in Figs. 7 and 8.

In Fig. 12* we have shown a modification
of the arrow-shifting apparatus, in which the
curved arm Q' and flat spring p’ are substi-
tuted for the pin ¢ and spring p, by means of
which the arrow m may be operated by a
movement of the pawl n in either direction.
The arrow will be held in a vertical position,
as shown in Fig. 7, when the pawlsn is caused
to stop over the top of the curved arm Q.
At the same time a tooth r in the annulus d
engages a tooth s on wheel ¢, which trans-
mits motion through the pinions wand v and
rack w to the inner disk e, the gearing being
so adjusted as to rotate the disk ¢ one space
for every rotation of the annulus d, and thus
carry or transfer the hundreds from the an-
nulus d to the disk e, as clearly shown in the
drawings. When at the end of any opera-
tion it is desirable to return the annulus and
disk to their normal position, each one may
be rotated in either direction, separately
without interference, when the tooth # is in
any other position than that shown in Figs.
8 to 10, when the machine is again ready for
a new operation.

In view of the foregoing description an op-

eration in subtraction will be readily under-
stood, and we have illustrated such an opera-
tion by IMig. 18 of the drawings. Thus if itis
desired to subtract ““13” from “49” astylus
is placed in the hole fopposite *“49” in annu-
lus d, and it is brought around opposite to
““13” on the stationary annulus b, when the
result ““36” will be seen opposite the zero-
point, as shown, it being obvious that if the
numbers on the stationary annulus are re-
duced by thirteen anynumber on the movable
annulus d by reason of the equal divisions
will be reduced by alike amount, and a num-
ber of spaces equal to the desired reduction
will intervene between the number to be sub-
tracted from and the number to be sub-
tracted, due to the arithmetical progression
of numbers already shown.

Inasmuch as the process of multiplication
corresponds to adding the same number as
many times as is indicated by the multiplier,
it follows thatif the process of adding be car-
ried on asmany times as the multiplier indi-
cates the result will stand indicated on the
annulus and disk. Thus if it is desired to
multiply ““197 by ““7” the stylus is made to
engage nineteen spaces on the movable an-
nulus ¢ seven times, when the result ““133”
may be read on the annulus d and disk ¢, as
shown in Iig. 14, One use of the arm x is
illustrated in this operation such arm being
pivotally attached in the center and free to
swing around such center, it being set by the
thumb-serew 7 on the stud 2, so as to hold the
arm in any predetermined position, in this
case to stop the arm 4, by striking against the
downwardly-turned ends of the arm 2 at the
proper position to engage just the required
number of spaces, nineteen, thereby greatly
facilitating the rapid operation of the ma-
chine.

In ¥ig. 15 we have illustrated a modifica-
tion consisting of a stationary outside annu-
lus R, which greatly facilitates the operation
of multiplication. We call this a *‘factor-
scale,” and, as will be seen, it bears a table of
factors constituting a limited multiplication
table, which factors are arranged to register
with and be opposite to the proper result of
the factors when multiplied together, as in-
scribed on the stationaryscaleb. Thatis, op-
posite certain numbers on the stationary scale
are placed the factors producing such num-
bers when multiplied together. For the pur-
pose of isolating as far as possible and faecili-
tating the reading of any desired result aris-
ing from any multiple of any factor on the
scale the guide-limes B may be placed there-
on, which follow and serve to distinguish
quickly the same factor to any power up to
the limit of the scale. These lines B may be
made of different charaecter by changing their
color, construetion, or appearance, so that
they may be readily followed by the eye.

In operations of division the process of sub-
tracting the divisorfrom the dividend, or find-

70

8o

35

90

100

105

110

115

120

125




IO

20

23

30

35

ing how many times one number is contained |
in another, is repeated until nothing, or a re-
mainder less than the divisor, remains, the
number of times being counted by the oper-
ator. Thusifitisdesired to divide ‘15" into
€857 the number ““85” on an annulus d is
placed at the top over zero. The arm x is so
placed astolimitthehand 7 at *“13” on the sta-
tionary annulus, and consecutive subtrac-
tions of thirteen spaces each are made until
the operation will have been repeated six
times, when there will remain above the zero-
point the number ““7,” the result thus being
a quotient of ““6” with a remainder of ““7.”

Many changes and alterations may be made
in the construction of the machine and in-
seriptions on theannulus and disk without de-
parting from our invention. Itwill be found
capable of many and various applications not
lerein deseribed or shown, and in the hands
of an operator of ordinary skill will perform
numerous and different computations in a
rapid and accurate manner.

Ilaving described our invention, what we
claim, and desive to secure by Letters Patent,
is—

1. In a mechanical calculating-machine the
combination with a series of movable circular
concentric disks and annuli bearing scales, of
an operating-arm 7 pivoted on a pin secured to
the base at the center of the machine, and a |
similarly-pivoted controlling-arm x secured
upon the pin, and having a downwardly-pro- |
jecting end and capable of being set on the
central pin by a thumb-nut, so as to rigidly
locate the downwardly-projecting end in the |

o 578,228

path of the arm ¢ for limiting the motion of
such arm 4 substantially as set forth.

2. A mechanical calculating-machine con-
sisting of a base provided with a circular con-
centric stationary disk, and a series of mov-
able circular coneentrie disks and annuli,
hearing scales, rotatably mounted on a hase,
an indicator m mounted on a stem o pivot-
ally set on the stationary disk, a controlling-
spring pand a pin ¢ projecting from the stem
o into the path of a pawl n mounted on the
outside movable disk substantially as set
forth.

3. A mechanical caleulating-machine con-
sisting of abase provided with a cireular con-
centrie stationary disk and a serics of mov-
able eircular concentric disks and annuli
bearing scales, rotatably mounted on a base,
shifting or tens-carrying mechanism located
in such base between the outer and inner
disks consisting of a train of two intermesh-
ing gear-wheels s, ¢, one of which is in mesh
with a racl o on the inner disk and the other
provided with a ratehet-wheel 1 the teeth of
wlich projectinto the pathof a tooth » mount-
edin the outer rotating annulus substantially
as set forth.

In testimony whereof we have hercunto set
our hands this 9th day of April, 1895.

GEORGE W. MACKENZIE.
hiis
TITOMAS C. x SLOANE.
mark
WILLIAM P. ITANNA.
Witnesses:

C. M. CLARKE,
Joux L. Ravprm.
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