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- UNITED "STATES

PATENT OFFICE.

" OFTO STEIGER, OF MUNICH, GERMANY.

|- MULTIPLYING OR DWIDING MAGHINE.

SZEEGIE‘IGATION formmg paxt of Letl:ars Patent No. 533 '?10 dated M&y 7, 1885,

Ayp’l{naﬂnn flled .ﬁngut 12,1808, Baral Fo. 482,680, O mﬂdﬂU .?a‘antad in Germary December 23,51892, No. ?9,8'?0 n
- Framos ¥grgh 14, 1893, Ho. 2281638, tud in Switzerland ‘Bapkamhar 1, 1898,1[&. 8,787/

To ail wham i ma,y conecern: :

Be it known that I, OTTO-STEIGER, 4 eitizen:
of Switzerland, residing at Munich, Bavaria,-
in the German Emplre, haveinvented certain-
~..5 newand usefulImprovementsin Arithmetieal:
' Machines, (patented in France, No. 228,628,
dated March 14, 1893; in Swilzerland, I'TO.
8,787, dated Septemher 1, 1893, and in Gear-
many, No. 72,870, dated December 23, 1892,)

of which the followin g is a specification.

My invention relates to improvements in
arithmetieal machines or ealeulators, and par-.
tieularly to that class of machines adapted

for ‘making ealeulations in ‘multipliéation, dL—
vision, subtraction, or-addition.

As the differences betweer i machine em-
bodying my invention and those previously
constroeted for performing the above-men-
tioned four ‘operations are most readily
"pointed out in connection with the operation
of multiplieation, 1the invention will first be
" described as if -designed for that purposeonly,
after which tlie manner of changing it to per--
form the other caleulations will Dbe entered
into.

“Multiplication is often defined as a shcrt
method of additien, and,in most of those ma-
. chines previously Gonstructed & prodnet was

) arrived af, not by the short method of multi-
plieation, but by the long method of BUCESS-
ive additions. For ezample, if it.weré de-
sired to multiply, say, 518 by 5, the machines
above referred to contained such mechanism
that 518 would be added to itself five t1mes,
thus: 518} 5184-5184-518+-518. The prinei-
pal disadvantage of this construction is the
loss of time in operating the ma.ehme, and
the great additional wear of the varions parts,
For. 1ustance, in the above exam gxle, when the
machine is properly set at 518, it bhecomes
negessary-to turn-a erank, push a Key, or op-
erate & lever five iimes, . The wear and loss
of time becomes more apparent, in such ma-
chines, as the number of ﬁgnres in the multi-
45 plier,and their relative valnes, increase. For

example, if, instead of multiplying 518 by 5,

itis esxred te multiply it by 99, the moving

pa.rts must be revelved sither nmety nioe

- times,or,in the betier class of machines, Grst,
50 nine limes, and then nine times again, a shlfr.-

ing of theé regstemg mechanism ta.lnng

10
5
2Q-

- 25

35

‘of 'one riumber by another is obtamed not by
.| the long method of suecessive add:tlons but

' plme between the ﬁrht and see.ond nmlhph—

cation by nide, i order that the first nine

.may have its proper value of nine tens, this

shifting being done by hand.
The chief object of myinvention is to avoid
the above-mentioned dmadmntages and this

-resulf is accompllihed by providing my ma-

chine with such mechanism, that the produet
6o

by the. ‘short method of mult]phcatmn. In
other.words,a machine embodying myinven-
tion performs its operation ina manner simi-
lar to the way in whieh it is done by the writ-
ten process. Forinstance,in multiplying the
above number, 518 by 5, the produets of 8 mul-
tiplied- by 5, 1 mu,ltlphed by 5, and 5 multi-
plied by 5 are obtained, in the written opera-
tion (as itis termed) from a‘table of producis
(the multiplication table so-cailed) committed
to memory by the operator, who thus obtaing
the numbers, 40, 5,and 25. ~The first nnmber,
40, may be considered as composed of two
qu&ntmes, the tens and the uuits, viz: four
iens and no units. The sevond number 8, ig
conmdered as composed of two quantltles, a8
before, viz: no tena and. five urits, the third -
number, 25, being consldered a8 containing
two quantities also, viz: two tens and five
units.. Moreover, one ten of the number first
obitained is equal 16 one unit of the number
nextobtained. One ten of the latter is equal
to one unit of the third numbetr, and oneten of
the latter may be considered as equal to one
unit of.a fourth number, arising by multiply-
ing & fictitions zerp in the multiplicand by
the multiplier, five, this produet being zero.
Therefore, thecomputer, as he proceeds, men-
tally adds the tens of the first product to the
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units of thesecond product, the tens of the lat--

ter produoet to the units of the third produet,

and the tens of the latterto the units of the fie-
titious product above referred fo. When the
addition has besn made, he obtains the total
prodact. In my machine, the operation of
multiplieation is earried out in the same way.

As the partial produets in the written caleu-
lation are obtained-from a table of products
or multiplieation table committed to memory,
80,in my machine, one part of the méchanism
obtains the partial products from a mecha.m—

95

icQ



3 628,710

cal representative of the said table of pro-
duets, which mechanical representative I term
the “ controlling mechanism,” as it controls
the sulisequent action of the whole magchine.
5 That part of the meechanism above referred
to which obtains the partial products from
the eontrolling meehanism, I term the “trans-
mitting mechanism,” as it transmits the par-
tial products to another mechanismn, or as it
1o may be called the totalizing mechaniam which
I term the “combining and registering mech-
anism,” since it takes the partial produets
from the transmitting mechanism, and, after
giving to each quantity of each partial pro-
i5 dnet its proper valne, whether tens or units,
combines them in the proper manner and reg-
isters or indicates the total result in dny suit-
able manner, preferably, on & series of dials.
There ig, however, cne principal difference
20 between the manner in which the computa-
tion is dons by the writien proecess and that
in which it is doue by a muchine embodying
my invention, whieh difference is as follows:
The computer obtaing the partial products
25 from his memorized table of produects one
after the other, and, in 8o obtaining them, he
gots both the unite and the tens of each par-
tial product at the same time, while, in oy
machine, the tranamitting apparatus obtains
30 the tens of ail the partial produets first, and
transmits them to the totalizing or combin-
ing and registeriug mechanism, whereupon it
then obtains the units of all the partial pro-
duels and transfers them to the combining and
35 recording mechanism, which, by a proper ar-
rangement of them, distingunishes butween the
units and the tans, and adds them so as to
give thie correct totial produet.
The three msthods under which the result
4o is obtained way be best shown in tabulated
form, as fullows: )
By the old furms of machines

518-+518+45184-518--518=2,590.

By the written operation (the partial pro-
doets sll being set down in fall instead of
having their tens carried by the mental oper-
ation of the compauter),

45

) 518
3 5
40
05
55 25
2590
By my machine, as follows:
6o H18X &
204 - ten=.
550 onits.
6 5 2580

The fundamental distination, then, between
‘my wmachine and most of those formerly

known, is this: The latter ¢lass of machines
are, in fact, mereadding machines, by a proper
manipulation of which multiplication may be
performed, while my machine is, in fact, a
multiplying machine which may be used for
addition also. »

Of course, it is understood that the machines
previonsly known, and my machine, may also
be used for subtraction and division, but
this matter will not be entsred into at pres-
ent, as the real distinction isseen more plainly
in the consideration of the operafion of mul-
tiplieation. :

Many other objects are attained by my con-

jo

75

8o

siruction, which need not be mentioned, as -

they willbe apparent to thossskilled in theart,
after a clear comprahension of the invention.

My invention consists, broadly, in mechan-
ism which I class hereinafter as the “control-
ling mechanism,” or “controlling devices,”
which may be said to be a mechanieal repre-
sentative of the multiplication table, from 0
multiplied by G to 9 maltiplied by 9, inclusive,
and to contain all the prodocts from zero to
sighty-one. This controlling mechanism em-
bodies the essence of cne part of my inven-
tion,and, as will beapparent from the deserip-
tion hereinafter, may be-arranged in various
forms,

In the formns of machines herein deseribed
which embody my invention, the controlling
mechanism is arranged in pairs of controlling

‘devices, one device of each pair being gradu-

ated to correspond to the tens of all the par-
tial produets from 0 multiplied by 0 to & mul-
tiplied by 9, while the ¢ther device of the same
pair is graduated to correspond to the units
of all of said products. The term ¥ gradua-
tion,” a8 I use it herein, is intended to indi-
eate that, whatever the form -of controlling
mechanism employed, it is arranged fo pru-
duce the varying movements of the register-
ing mechanism, in multiples of a certain uni-
tary movement. This will be better under-
stood after the deseription of the eonstruetion

85
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and operation of the various forms herein’

mentioned.

My Invention also consists in the combina-
tion, with the controlling devices, of a total-
izing devies, by means of which the various
produets are united either by addition or sub-
traction, and the final result displayed by
suitable means, such ag a series of dials.

My invention consists, further,in the appa-
ratos which transmits the prodoets from the
gontrelling mechanism to the combining and
registering device, and which I term the
 transmitting mechanism.”

My invention also consists in an indicaling
mechanism, by means of which, in multipli-
cation, the multiplier is indicated on the ma-
chine as sooun as the operation is completed,
thisindicating mechanism indieating the quo-
tient when the apparatus is used for division.

My invention consists, further, in such fea-
tures, details and combinations of parts as
will first be described in connectioa with the

1841
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_accompanying drawings, 4nd then particu-

larly pointed out in the claims. -
In the drawings, Figures 1 to 18 illustrate
one form of mechanism embodying my inven-
tionm,
mechanism embodying my invention. Figs.
26 and 27 illostrate a third form. '
In the views illustrating the first form of
mechanism, Fig. 1 is a diagrammatic view.
showing the controlling mechanism in the
form 'of recessed’disks. Figs. 2 and 2* to-
gether constitute a plan view of the machine
and will be referred to hereinafteras * Fig, 2.

Fig. 3 is a detall viewshowing the mechan-

ism for ¢hanging the machine from its condi-
tion of multiplication to division and viee
versa.. Fig. 4 1s a longitudinal vertieal see-
tion on the line A? BY% Fig. 2. Fig. &6 is a
transverse vertical section on the line C° DY,
Fig. 2. Fig. 6 is an énd view of & part of the

totalizivg mechanism. Fig. 7 is a longitadi-.

nal vertical seetion on the line E? FY Fig. 2.
Fig. 8 is an end view of the oylinder Y. Fig.

9 is & developed view of thesame. Fig,101s’

& detail view of the transferring-dogs and
star-wheels. ;
view of the cam-whee! E.
oped viewof the same. Fig, 18 is an end view
of‘the cam-wheels E’ and E% Fig. 14 isade-
veloped view of the periphery of the cam-
wheel E%  Fig. 15 is a detail end view of the
register-carriage’ and framework, - Fig. 16 is
a detail séetion of the same, partly in eleva-
tion, Fig. 1718 a transverse section of the
register mechanism, showing the relative po-
sitions of the parts when the pin-disks and
perforated disks are coupled together. Fig.
18 is a detail view showing the means by
which the dog-spindles are held againat acei-
dental rotation, A

In the views illustrating the seecond form. of
mechanism embodyivg my invention, Fig. 19
is a diagrammatic plan view showing the ar-
rangement of or manner of graduating the
controlling mechanism employed in this form
of machine. Fig.20isa plan view of 5o much
of the mechanism as is necessary to illustrate
the invention, Tig. 21 is a side view of Lhe
same. ‘Figs. 22,23, 24 and 25 are detail views
which will be referred fo hereinafter.

In the views showing the third form of

- mechanism embodying my invention, Fig, 26

55

fo

65

is a plan view, and Fig.-27 is a side elevation,
of so-much asis necessary toillnstrate thein-
vention, g :

- In-deseribing the first form of mechanism
embodying iy invention, and shown inFigs.
1 te18, it becomss advisable, for the saks of
perspicuity, to consider it under ths follow-
ing heads: First, the controlling devices, and
the means for seiting them to any reguired
position; second, the frausmitting mechan-
ism, which transfers the various partial pro-
duets, determined by thecountrolling devices,
to the totalizing or combining and registering
mechanism; third, the totalizing or eombin-

ing and registering mechanism, which takes

Figs, 19to 25 illustrate & seeond form of -

Fig. 11 is a diagrammatic end
Fig.12 is a devel-

8

the partial products from the transmitting
mechanism and combines them, sither by add-
ing or esubiracting, and indieates or shows
the final result on suitable dials; fourth, the
indicating mechanism, which partakes so
much of the nature of thd remainder of the
magchine, as to be more readily deseribed un-
der three subdivisions algo, namely, the eon-
trolling mechanism, the transmitting mech-
anism, and the totalizing mechanism. For

7o

75

the sake of brevity, the description of each of -

these three subdivisions will be ecombined
with the descriplion of its appropriate main
division of the mechaniam. )

It is to be carefully observed, in conneetion
with the above enumeration of the four prin-
cipal parts, that a distinction is here drawn
between the mnse of the terms “indicating
machanism ” and *“registering mechanism,”
the former relating to one particular branch
of the apparatus, which indicates the num-

‘bers on the keys depressed, while the latter.

refers to that mechanism which registers the
produets obtained by the transmitting mech-

-anism,

The registering mechanisin is an essential
feature of the machine, while the indicating
mechanism is only & conveniencs, it being
poseible to construst and operate a machine
withont it, as the operator might carry, in his
memory, the numbers on the keys dspressed,
or write them down in succession as the op-
eration proceeded. It should be observed,
however, that, though only a convenience,
this Iandicating meehanism is & most impor-
tant convenience, since it serves as a check,
to show whether, or not, the proper keys have
been depressed.

In the -machine abount to be deseribed, the
controlling mechanism iz embodied in a.series

8o
85

go

30
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of disks provided with recesses, which eontrol .

the action of the machine by determining
either the point at which the transmitting
mechanism starts, or that at whieh it stops,
according to whether the machine is set for
muoltiplication, or for division. If, then, the
apparatus be considered with regard to the
operation of multiplication only, the eontrol-
ling meschanism may be called the “starting
mechanism,” and will be so referred to hers-
inafter.

The sontrelling mechanism is constrooted

‘as followsa: A,isa hollow disk-operating shaft,

loosely mounted on a revolable shaft, X2, Fig.
‘2, which has a collar, @, near its central por-
tion, and i3 surrotinded by s helieal spring, 7,
which rests in an internal recess in the dislk-
operating shaft, A, bearing against the collar,
«, at one end, and against the inner face of
the shoulder formed by the termination of the
reoess, the spring thereby tending to erowd
the disk-operating shaft, A, longitudinally on
the revoinble shaft, X? which is journaled in
suitably-arranged boxes, &% and is provided
8t each end with a erauk, w’, Y, fizxed to the
shaft, to which cranks ars aitached a pair of
eonnecting rods, I, I, united at their ends

IIo
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by a eross-bar, Q, which has a slide-box, @,
at each end, these slide-boxes moviong on
slides, Q3 carried by the frame of the machine,

For the purpose of impariing motion fo the
shafe, X2 and thereby operating the cranks
and eonnecting rods, the said shaft, X3 is pro-
vided with a gear pinion,, fixed on one end

of the shafi, between the journal-box and the.

crank, and inte the pinion is meshed & main
driving gear-wheel, U, fixed.bon a mala driv-
ing shaft, X, mounted in bearings at X3, and
actuated by a hand-erank, K.

Upon the disk-operating shaft is mounted
a geries of nine pairs of starting devices, and
another pair, 0, which relates to the indieat-
ing mechanism, and whose purpose will be
hereinafter described, each pair econsisting of
two disks, ¢ and b, whose interval of separa-
tion is greafer than the-distance between ad-
jacent pairs, ag will be plain from Fig. 2. The
disks, 0% 0%, will be referred to as the ‘“zero
disks,” the disk, I% being counsidered as the
first disk. All the disks, with the exception
of the disks, 0* and 1%, are provided with re-
eesses extending from the periphery toward
the center, the depth of each recess being pro-
portionate to the number which it represents
in the product. In other words, the starting
devices are graduated by graduating the
depth of the recesses. Each disk, a, of each
pair may be termed the “tens disk,” and each
disk, b, the “uanits disk.” Furthermore, ithe
pairgarearranged in regularorder from zero fo
nine, as indicated by the Roman numerals, 0
to IX, in Figs.1 and 2, and thesaid numerals
indieate the produoets to be found on each pair
of disks. For instance, on the first pair, I,
are recesses which represent all the produncts
from 1 multiplied by 0, 1 multiplied- by 1, 1

multiplied by 2, &e., up to, and inclading 1|

mualtiplied by 9; in the secound pair, II, all
the produets of 2 multiplied by 0, 2 multiplied
by 1, 2 multiplied by 2, 2 maltiplied by 3, &e.,
up to and including 2 multiplied by ; in the
third pair of disks, III, all the produets of 3
multiplied by 0, 8 multiplied by 1, 3 malti-
plied by 2, 3 multiplied by 3, &e., up to, and
including, 3 multiplied by 9; and so on to the
ninth pair of disks, IX, which contains all the
products of 9 mulitiplied by 0, 9 multiplied by
1, 9 multiplied by 2, 9 multiplied by 3, &e.,
up to, and including 9 multiplied by 8. OF
each pair, each disk may be considered asdi-

- vided into ten sectors, each of which subtends
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the same angle, and is recessed, or not, ac-
cording to the number intended to be repre-
gented by such sector. To explain thig more
clearly, reference may be had te Fig. 1, whers
it will-be seen that the disk, 1°, has ten equal
sectors, the zero sector of which, marked, o’,
is the sector which gives the product of 1 mul-
tiplied by 0, and, as this product is zero, as
will be observed, this sector is not recessed at
all. The next or first sector, (in a sinistral
ravolution,) is marked 1, as this represents
the product obtained by multiplying 1 byl.
This sector, therefore, is recessed oné gradua-

tion. The net seetor is marked 32, as it rep-
resents the produet obtained by multiplying
1 by 2, and this sector is recessed two gradua-~

tigns or twice the depth of the first sector.

The third sector is marked 3, as it indieates
the produet obtained by multiplying 1 by 3,
and itiis recessed three gradnations, Thus,the
recesses of the sectors are graduated in depth
up to the ninth seetor, which is numbered 8,
because it represents the produet obtained by
multiplying 1 by 9, and, furthermore, it is
recesged nine gradoatious, or nine times the
depth of the recess in the sestor marked 1.
Asall the produets from 1 multiplied by 1 up
to 9 multiplied by 9 contain butone fizare, it
will be nunderstood that the tens disk of the
first pair (marked I*}, is not recessed. Re-
ferring, now, to the second pair, indieated by
the Roman nameral, IT, and comprising atens
disk, @, and a units disk, b, it will be seen that
the latter is divided into ten equal sectors
also, and that the zero sector, marked o, is

7o
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not recessed, as it represents the produetob- go

tained by multiplying 2 by 0, which is zero.
The first sector, (in & sinistral revolution,) is
marked 2, becaunse it indicates the produet ob-
tained by multiplying 2 by 1,and it is, there-
fore, recessed two graduations, or twice the
depthof the homologous sector on the disk, I".
The second sector is marked 4, as it repre-
sents the product obtaired by multiplying 2
by 2, and, therefore, itis recessed four gradua-
tions, or four times the depth of the recess in
the first sector on the disk, I®, which recess, it
will be plain, is the unitgraduation of the en-
tire series. The third sector of the disk, II°,
is recessed six graduations, and is marked 6,
sinee it indicates the prodactof 2 by 3. The
next Begtor is recessed eight gradunations and
is marked 8, as itindicates the productof2 by
4, Thuos far, the contignous portions or ho-
mologous sectors in the tens disks, II®, have
not been recessed, because 21l the products
so far given on the units disk, IT*, running
from 2 multiplied by O up to 2 multiplied by £,
that is, from 0 to 8, contained only one figure,
but the nextseclor of the units disk, II®, it will
be seen, is not recessed at all, and is marked
0, while the homologousgeetor in thetens disk,
1I®, is recessed one graduation, for the reason
that the two said homologous gectors, together,
repregent the product obtained by multiply-
ing 2 by 5, which i510, and requires two digits
to represent it—one ten and ne units. The
nextsectors of the disks represent the produet
obtained by multipiying 2 by 6, whieh is 12,
and, as this product contains two digite—one
ten and two units—the units disk, II°, has
its said sector recessed two gradnations, while
the tens disk, II%, has its said homologons sec-
tor recessed one graduation, to indicate the
one ten in the said product. .As the next

highest produst of two is fourteen, or 2 mul-
tiplied by 7, the hext sectors of said disks are
recessed correspondingly, the sector of the
units digk being recessed four graduations,
while the tens disk is recessed one gradunation.
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The recessing is carried ouf by Successive
proper gradnations, through the next sectors

of the two disks, representing the produet of

2 multiplied by 8,and 2 multiplied by 9. The
remaining disks of the series are correspond-
ingly recessed and give the produeis up to 9
muitiplied by 9, asshown oa the last pair of

. disks, where the ninth sector of the nunits disk,

10

TXP, is racessed one graduation, while the ho-
mologous ‘sector of the tens disk, IX*, is re-
cessed eight graduations, the said sectors of
the said disks, together, representing the
produet eighty-one, or eight tens and one

. uait.

L

.20

_From the above, it will be seen that each
disk gontaing ten equal sectors, and that the

pairs of disks are arranged ou their central’

axis in 1he order of the products which their
sectors represént: that is, the pair whieh econ-
taios all the produets of 1 multiplied by Oup

. to 1 multiplied by 9 is first (not considering

25

30

the disks, 0%, 0%; the pair containing the

- produets of 2 multiplied by 0 up to 2-maulti-

plied by 9 is second, and sc on; the pair of
disks containing the preducts of 9 multiplied
by 0 up to 9 multiplied by 9 being ninth or
last. Moreover, it is to be borne in mind that

.the homologous sectors of all the pairs are op-

posite, or, in other words, all the sectors rep-
resenting the faector, 0, are in a-straight line

-parallel to the axis of the disk-shaft; all the

sectors representing the fagtor, 1, in a similar

. straight line, &e.
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In ordertoshift the eompleteset of starting
devices longitudinally, for & purpose hersin-
after described, the main driving shaft, X, is
provided with a cam-wheel, E, the eam por

. tion of which is arranged-laterally, that is, on

. 40
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its gide, instead of ou its periphery, as shown
in Fig. 2. A developed view of the periphery
of the cam wheel, E; is shown in Fig. 12, from
whieh it will be seen thatihe wheel may be con-
siderad as divided into six equal seofors, the
periphery being of equal thickness through-
out the firsi and sixth sectors, considerably
thicker in the second and third sectors, and
thinnest in the fourth and fifth sectors, these

!, various surfaces being connected by inelined
" surfaces,.as fully shown in Figs. 11 and 12 of

the drawings. The thickest- portion, which
determines the greatest throw of the ecam, is
connecied with the portion in sector, I, by an
inclined surface, entirely contained in the
first gector. For the purpose of convenient
reference hereinafter, the cam surfase extend-
ing throogh the sectors, I and VI, will be called
the mean -surface, while the sarface of the
thickest portion, in sectors, IT and III, will be

" called the maximnm surface, and the surface

of the thinnest portion, in seetors, IV and V,
will be callied the minimum surfave.

. It is to be noted, for the sake of a clear
comprsehensivn of the operation of this ma-
chine, that the mean surface extends entirely
through the sizth seetor and throngh the firat
sector, to within a short distanse of seotor, II;
that the mazifmum surface extends from the

line of division between first and second ses-
tors, and ends at the line of division between
the third and fourth sectors, and that the mini-
muom surface begins just beyond the line of
division between sectors, II[ and 1V, and ends
& shorf distancein advanceof where the mean

-surface begina.

The eam-face of wheel, E, contacts with a
roller, ¢, revolubly mounted oq a stud, ¢’, at-
tached to the disk-operating shaft at one end,
the roller being yieldingly held in contact
with the ecam-wheel by thespring, f, whereby
the cam-wheel, in onse coiplete rotation, will
foree the entire set of starting devices longi-
tndinally in one direction, and will then per-
mit them to be drawn back by the spring,
when they will be again shifted longitndi-
nally inthe primary direction to the original
position. These several movements are due
to the roller, ¢, riding upon the various sue-
faces of the cam-wheel, as will be plain from
what has beeu said before. Upon the end of
the shaff, X% opposite to that which carries
the driving pinion, w, is loosely monnted a
gear-pinion, &, to which is attached a dog, g,
whose drm, g, carries & tooth arranged to
contaot with the oppositely-projecting tooth,
p’, of an arm, p, fixed to a gear-wheel, d, se-
cured on the end of the disk-operating sbaft,
A. The two testh, p’, ¢', respectively, ars of
gnech width that they eontact only when the
roller, ¢, is in contact with the mean surface
of the eam-wheel, E, the tooth or arm, p, be-
ing shifted longitudinally by the shifting of
thestarting deviees, wheraby contact betwesn
the two said teeth is avoided, either when the
roller, g, 18 resting against the minimnmsur-
face, or when it is against the maximum suor-
face of the cam-wheel, E. Into the pinion,
h, meshes a rack, H, moving iz saitable slide-

-ways, H’, and pivotally attached to the cross-

bar, Q, as shown in Fig. 4, the rack being
cogged at one end only, on its npper surfaes,
which engages the under side of the pinion,
k., Adisk-getting shaft, D, coggedat one end,

‘and monnted in saitable slide-ways, D2 en-

gages the pinion, d, on the top side, the rack
having a girgnlar head, D',

To limit the longitodinal movement of the
rack, D, a key-board, A2 is provided, which
will be designated as the multiplier key-
board, as itis on this key-board that the mul-
tiplier is generally arranged. Thiskey-board
consists of a double bank of keys, one bank
having all the odd numbers, from one tonine,

. while the opposite bank has all the even num-

bers, from two lo zero, the keys being ar-
ranged with Lhe smualler numbers inward, as
fully shown in Fig. 2. Each key has a stem,
AS vertically movable in a gocket, A%, attached
to the framework and provided with a head,
AS, the stem being held normally npward by a
leaf-spring, A®, passing throngh a slot in the
stem and secured to the frame at the eud, as
shownin Fig.5. Whenakey is pressed down,
its stem will interespt the path of the head,
1Y, on therack, D, thereby limiting the move-
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ment of said rack, and, as the keys are num-
bered from the inner end of the banks out-
ward, and, as the stems are at eqnal intervals
apart, it is plain the distance of travel in-
ward of the rack, D, from its normal position,
will be inversely proportional to the number
on the key pressed down, the digit, 0, not be-
ing considered. Thus, if key 1 ishald down,
the rack, D, will move the entire length of
the key-board, inward, until iis head strikes
the stem of key 1, while, if key 9 be pushed
down, the rack will only move a short dis-
tance, until it strikes the inward-protruding
stem of said key 9, wherenpon it will stop.
Moreover, if key 0 be forced down, its stem
will prevent any movement of the rack, ),
whose head, D’, normally rests at such a point
as to be in contact with the stem of key 0, as
soon as the latter is depressed,

To that end of the hollow disk-operating
shaft which catries the roller, ¢, in.fized a
grooved pulley, ¢, around which is wound a
flexible wire, ¥/, fixed at one end to the pul-
ley, and having its onter end secured to a
spring, F’, Fig. 2, which is attached to the
frame, the tendency of thé spring being to
revolve the disk-operating shaft in a diree-
tion opposite 1o that of the pinion, %, when
the erank handle, K, is turned to the left.

The operation of the mechanism thus far
deseribed is as follows: Upon turning the
erank, X, ooe revolution to the left, the gear-
wheel, T, is turoed to the left, theraby re-
volving the gear-pinion, %, which, being one-
third the diameter of the main driving gear-
wheel, U, makes three revolutions 1o one of
the ecrank. As the gear-pinion, %, is fixed to

. the shaft, X% the latter simultaneously oper-
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ates the eranks, w’ and w? giving to them
three complete revelutions, thereby foreing

the eross-bar, @, outward and back three

times, which, in turn, imparts three reeipro-

cations to the rack, H, whose end is pivoted

to the cress-bar, Q,the movement of the rack,
H, rotating the pinion, %, whose circumfer-
ence is equal to the longitrdinal throw of the
rack, H, whereby the pinion, 2, makes one
full rotation during the ountward movement
of the rack, H, and a full rotalion, in the op-
posite direetion, daring the inward move-
ment of the rack, H, or six rotations during
onsof the erank, K. The cam-wheel, K,iss0
fixed on the main driving shaff, X, that it
normally rests with the line of division be.
tween sectors, I and VI, in contact with the
roller, ¢, which, therefore, is resting on the
mean surface. During the first pertion of
the first one-sixih of a revolution of the erank,
the disk-operating shaft is in such a position
that the tooth, p’, of the arm, p, is in the
plane of thetooth, ¢/, on thé dog, g, the roller,
e, at that time being on the mean surface of
the cam-wheel. While the roller, ¢, is pass-
ing over the cam-surface of rector, I, the gear-
pinion,«, makes one-half of a revolntion,
forcing the cross-bar, Q, outward.to the full

_extent of its travel, and, at the same time,

moving the rack, H, outward, and rotating
the pinien, %, one full tarn, The footh, ¢,
of the dog, g, is in advanee of the tooth, p’
of the arm, p, during this rotation of pinion,
7, and the arm, p, is pulled around by means
of spring, I, uawinding its flexible wire, 1/,
off the grooved pulley, a? Axed on the tubular
shaft, A, the tooth, »’, therefore, following
the tooth, ¢’, and tending to stay always in
contact with the latfer, which prevents the
spring, F’, froin rapidly unwinding the wire,
Jf?, from thie grooved pulley, a* Asthedisk-
shaft, A, is rotated by the spring, B/, the rack-
bar, D,is drawn inward by the pinion, d, until
its hend, D’, contaets with the stem of any de-
pressed kay on the key-board, A%, whereupon
the further inward movementof the rack, D, is
prevented, the said rack, in turn, holdiag the
pinion, d, and the disk-shaff, A, from farther
rotation, against theaction of gpring, F’, there-
by retaining all the starting devices with sach
sectors facing inward as correspond to the key
depressed on key-board, A%. For instance,if
key 0is depressed, the disks will not be moved
from their normal position, but will have all
their zero sectors facing inward, whereas, if
key 9 is depressed, the rack, D, will move in-
ward until its head, D), contacts with the
stem of key 9, and will rotate the disks, nntil
their sectors, containing the produects of 9,
will face inward, that is, the rack will move
one-tenth of its maximnm inward movement,
and will rotate the disks one-tenth of a revo-
laution, which is one sector, the direction of
this rotation being from the first sector to-
ward the zero or last sector. While the rack,
D, holds the disk-operating shaft and the arm,
, from following the tooth, ¢, on dog, g, the
[atter completes its full rotation, by reason of
the continued movement of the rack-bar, I,
until it again reaches its normal position or
starting poiat, at which moment, the roller, ¢,
has reached the divirion line befween sectors,
I and II, on the cam wheel, and has ascended
the ineline leading to the maximuin surface,
the tooth, p’, on the arm, p, being thereby
shifted, together with the entire series of
starting deviees, until it can no longer con-
taet with the dog, ¢, which is rotated back
over its first path, by the inward movement
of the rack, H, until it again oceupies its not-
mal position, when'it is again rotated iu the
first direction one revolation, at the end of
which time the roller, ¢, has reached the di-
vision line between seetors, III and IV, on
tha cam-wheel, E, and has deseended the in-
cline to the minimom surface, thus ghifting
the starting deviees and the arm, p, until the
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tooth of the latter is on the opposite side of

the tooth of the dog, g, and still out of con-
tact with the latter. The dog, g, during this
time, has started baek to its normal position,
and, whilethe rollertravels over the minimum
surfaoe, the said dog, g, reaches its normal po-
sition, and rotates back again onerevolntion,
at the end of which time, the roller reaches the
dividing line between sectors,V and VI, when
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it has again ascended to the mean surface of |

the cam-wheel, E, and has shifted the start-

. ing deviges and-arm, @, inte their middle or

5

Ea

zero position, where the testh of thesaid arm,
w,and thedog, g, are againin the same vertical
nlane. As the erank i3 tarned to somplete

the revolution, the roller, ¢, travels over the

zero surface of secter, VI, and the dog, g, vo-
tates back fo' its normal position, striking
the tooth of the arm, p, ou its way, and carry-
ing the lntter back with it, therehy winding

- up the flexible wire on the grooved pulley,

‘48

tighfenidg the spring, moving ont the rack-
bar, D, and setting the starting devices to

their zero or normal positions. Therefore, it

will he seen Lhat the dog, g, makes six Tevo-

* lutions, three in one dirsction and three ia

ZQ

the other direction, and that during the first
portion. of -the first and sixth revolotions,
the tooth on the arm, p, is in the same plane

- with the tooth on the dog, g, while, during

-the remaining revolutions, namely, the seo-

~ ond, third, fourth and fifth,it is in a different

. 5
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' vertical and longitudinal plane from the said

tooth on dog,q. -Moreover, during its first
revolution, it permits the spring, F’, to un-
wind the flexible wire from the grooved pul-
ley, while, during the sixth, or last, revolu-
tion, it rewinds the wire on to the grooved
pulley and thersby extends the spring, F.
The disks, 0* and 0° are duplicates.of the
disks, I* and I°, Fig. 1, and have quite differ-
ent fanetions from that of the series of start-
ing devices, I to IX, this function being folly
desecribed -in eonnection with the indieating
mechanism. - . g ° e
The transmiiting mechanism, which trans-
mita the produets from thé starting. devices
to the indicating -and combining mechanism,
will now bhe described. Thia consists, pri-
marily, of a series of transmitting racks, Z9,
Z', B2 &e., up to 78, arranged in a plane-pat-

4 allel to the axisof the disk-shaft,and mouated
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in suitable guide-frames, 2, whish permit the
free longitudinal movement of each rack, the
raek, 79 relating to the indieating mechan-
ism, . Each rack is provided at its onter end
with an arm, 2/, which projects npward and
is adapted to contact with the eross-bar, Q,
as the latter moves outward, the racks being
retracted by a-series of springs, F, one for

_each rack, each spring being secured at one

end to the under side of ils rack and at its
other ‘end to the frame. The inner end of
each rack is of a size sufficient to permit its

free entrance inlo any recess in itsrespective

pair of starting devicer, and is cogged on

! its upper surface, the racks, Z° to Z° being

6a

adapted to engage with any one of a seriesof

.pinions, T, which maybe termad the “ connt-

ing pinions,” for convenience of reference
hereinafter. Thesecounting pinions areeash

. provided -with a square central openiag,

65

through which is passed a square revoluble
pinion-ghaft, T% by whiceh construetion, each
pinion may be moved longitudinally on’ its

shaft, yet, when revolved, will impart its mo- |

o

tion to its pinion shaft. The shafts, T% are
mountad transversely over the raeks, Z, in
bearings, #* fixed to the frame, each shaft car-
rying a disk, §% at one end, each disk being
provided with an eeeentrieally-arranged pin,
&% which i8 arranged to enter any one of a se-
ries of secentrically-arranged holesin a corre-
sponding perforated disk, 8% lying opposite
to it, gnd impart motion thereto, when ths
said perforated 8isk isadvanced intoengage-

-ment with the pin disk. The said perforated

disks, being part of the totalizing meehanism,
\&éill_ be more particularly deseribed herein-
after.

Each counting pinion is provided with a
grooved extension or neck,T% engaged by the
lower énd of a stud, %, sliding on a slotted
plate, K/, ag shown in Figs. 2and 5, theshanks,
%', of the sliding studs projecting through the
transverse slots, %, in the plate, K’, which is
gecured to the frames and bears on its uppsr
face a peries of scales, X*, graduated from 1 to
9, these graduations being such that when an
index or pointer, k% on the sliding stnd, is
aligned with any one of them, the counting
pinion of such stud will be in engagemeni
with the rack which enters the recesses in the
starting devices having products of which
said gradoation forms one factor. For exam-
ple, if any one of the sliding studs be moved
longitadinally until its pointer, &%, is in line

" with the grad uation marked, say, 8, the count-

ing pinion whieh is engaged by such sliding
stemn will be in mesh with the rack, Z% which
is ths rack lying opposite that pair of disks
marked, VIII* and VIII® in Fig. 1, and con-
taining recesses which give all the produets
of eight, from 0 multiplied by 8 to 9 multi-
plied by 8.

It will be notieed that each scale, X, is pre-
ceded by the figure ), the inferval belween
zero and 1 being much less than the distance
between the succeeding digits. The normal
position 6f each sliding stud is with ifs pointer
opposite the zero which precedes its respect-
ive seale, in whieh position its counting pin-
ion is not in engagement with any raek, and,
therefore, eannot be revolved,

The rack, Z° which may be considered as
a part of the indicating mechanism, engages
at all times with a pinion, #, fixed on a short
shaft which also carries a gear-wheel, +, in
mesh with a larger gear-wheel, 7%, mounted on
& transverse shaft, % whiech may be termed
the indieator shaft, and which is provided
with & pin disk, 8’/, adapted to engage with
any one of a series of perforated disks, ',
which may be opposite to if, as will be more
fully deseribed hersinaffer, the sizes of the
gear-wheels, * and +, being so proportioned
that, for every full revolution of the pinion,
7, the indieator shaft, 3, will make only one-
half a revolution. :

The end of each pinion shaft, T% as well as
the end .of the indicator shaf, is provided
with a disk, U”, having ten ronnded notches,
as shown in Fig. 30, into any one of which
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votchesentersthe toothed end of aleafspring,
#’, whose other eud isfixed to the frame. The
.springs, %', and disks, U, serve to compel the
rotation of their respective shafts by tenths
of & revolution and to hold the shafts against
being aceidentally rotated.

When a counting pinion s in mesh with a
rack, the pinion will be rotated by any move-
ment of such rack, it being obvious that the
amount of rotation and its direction will be
determined by the amonnf and direction of
longitudinal movement of the rack., As one
rotation of the crank, K, imparts three recip-
roeations to the cress-bar, @, the racks will
also be drawn ontward three times, by means
of their upward-turned outer ends being en-
gaged by the eross-bar, and they will be re-
tracted three times by their respectiveaprings.
The ends of the racks normally rest between
the units and tens disks of each pair, that is,
the rack, Z& for exampls, will have its end
normally resting between the disk VI®* and
VI% the hand crank being in its normal posi-
tion and the roller, ¢, on the division line be-
tween the sectors, V1and I, of the cam-wheel,
E. When the racks are moved to their out-
ward limit by the cross-bar, Q, the roller, ¢,
will ride up the incline at the end of seator,
I, and thereby shift the starting deviees lat-
erally sueh a distanee as to bring the fens
disks opposite the ends of the racks, At the
end of this time, the racks will be drawn back
by their respective springs, their upiurned

- -ends following, and in close contaet with, the
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eross-bar, Q, while their other ends enter the
recesses in the tens disks of the starting de-
vices, ontil the ends of the racks rest on
the hottom of the respeective recesses, when
their further retraction by their springs is
prevented, and they can no longer follow the
eross-bar inward, The next outward move-
ment of the cross-bar apgain draws the racks
out, entirely withdrawing their ends from tha
recesses in the starting deviees, and, at the
end of the movement, asecond shifting of the
starting devices takes place, in & direction
opposite to the first, owing to the roller, ¢,
riding down the cam surfaces onto the mini-
mum surface, which brings the unita disks, or
all the disks b, in lins with their respective
racks. Theracks will again bedrawn inward
by their springa and will enter the recesses in
their respective units disks. At the finalont-
ward movement of the eross-bar, the racks
are withdrawn from the recesses in the units
disks, and the starting devices are again
shifted longitudinally in the first direction,
by the roller, ¢, riding outo the mean surface
of the ecam-wheel, E, thus bringing the starting
devices to their normal position, after which
the racks, return to their normal position, by
the astion of theirsprings,and rest with their
inner ends befween the uunits and tens disks
of their respeective pair, in whiech position,
they are shown in Fig, 2, the orank arriving
again at its starting point, while the roller, c,
also reaches its normal position. As the
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depth of the recesses in the (lisks varies ac-
cording to the produets to be represented,so
the inward movement of the racks will vary,
and, it is plain, that, so also, the second and
third outward wovements of the racks will
vary, for those racks whose ends haveentered
the deepest recesses in their respestive disks
will, of eourse, be started to move sooner than
the others, that is, they will coms first into
engagement with the eross-bar, Q, while those
racks which entered the shallower rescesses

in theirrespective disks will be last to engage”

with the cross-bar on its second and third out-
ward movement, thereby being the last fo
start. Therefore, the racks first engaged by
the eross-bar will have the greatest longitudi-
nal movement during such second outward
movement of the eross-bar. So, also, the ro-
tation of the comnting pinions, TV, will vary
during the first and second inward movement
or thesecond and third outward movementof
the racks. Forexample, if the rack, Z’, were
opposite the recess marked 1, in the disk, I,
Fig. 1, on its second inward or third cutward
movement, it would go exactly one-ninth the
distanes that it would. if opposite the recess
marked 5, in the same disk.

It is to be understood that, when a rack is
opposite an unreeessed sector of & disk, it has
no appreciable first or second inward move-
ment, but rests against the periphery of snch
disk, and, of course, can have no outward
movement, exeept the initial drawing ont,

It will be seen that the rack marked Z9 is
adapted to contact with the pair of disks, 0%,
QY these disks in every respect resembling
the disks, I*, I°, shown in Fig. 1. When the
rack, Z¢% is opposite the units disk, 0% it has
an inward movemsent corresponding to the
depth of recess in the gector opposite it, and
the said depths eorrespond to the numbers on
the key-board, A% Thaus, if the key 1 be de-
pressed, the sector on disk, O containing the
recess of a depth equal to one gradurtion, will
coms opposite the rack, 29, at the second in-
ward movement of said rack, while, if the key
9 be depressed, ihe sector containing the re-
coss whose depth is equal to nine gradunations
will-be placed opposite said rack at its said
second inward movement, Therefore, tHedis-
tanee of travel of the rack, Z% daring its sec-
ond inward movement, is proportional to the
number on the key depressed, and, conse-
guently, the distance of travel of said rack
during its third outward movement is also
proportional to such number.

To clearly illustrate the operation of all the
mechanism thus far deseribed, the following

.example will be given: Suppose it is desired

to multiply 509 by 28. The multiplicand, con-
taining the greatest number of digits, is pref-
erably arranged on the multiplicand key-
board, A’, as it mnay be termed, in the follow-
ing manner: The first or left-hand sliding
stud, &, (Fig. 2,} is moved downward until its
pointer is opposite the fizure, 5, thereby en-
gaging iis counting pinion with the rack, Z°,
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"The next sliding stud, %, tothe right is not
moved, sinee is pointer is normally opposite

- thefigure,0, which is the second fgurs in the

- multiplicand; and, finally, the third sliding
stud,

5{ is in line with the digit, 8, on its seale, thereby
engaging its counting pinion with the rack,
Z®, This eompletes the setting of the multi-
_plicand on the machine. The multiplier key,
1o 2, on the key-board, A% is then depressed and
* held down so that its stem will intercept the
head, I, of therack, D, whereupon the crank,

K, is turned one complete revolution. Asthe
rack, D, is stopped assoon as ita head strikes

15 the stem of key, 2, the starting devices ars all
held with their sestors containing the pro-
duetsof key2facinginward toward the endsof

*. the racks, which first enter the recesses in the
tens digks and then in the units dizks at the

za appropriatetime. Atthe timetheracksmake
their first inward movement, the starting de-
viees are shifted with their tens disks, a, op-
pusite the ends of ithe racks, and, as the sec-

ond gector in the tens disk, V*, (counting to

85 the left) is recessed one graduation, the
rack, 2% will move inward equal to one grad-
ustion, until its inner end eontacts with the
bottom of -the recess in the second seetor of

such disk, V®, while the second geétor of the -
30 tens disk, IX* being recessed one gradua--

tion' glso, the rack, Z, will move inward one
graduation, The first counting pinion be-

. ing in'mesh with the rack, Z& will be rotated |

firgt in one direction and then in the other

* 35 direction an extent corresponding toone grad-
uation, both by the first inward and by the

second ontward movement of the racks, there-
by rotating its pinion shaft an equal amount

in both directions. The second eounting pin- |,

4o ion, not being in engagement with any rack,
will remain stationary, while the third ecunt-
ing pinion, being in mesh with the rack, Z°,
wiil be rotated a distance equnal to one gradn-
ation, and its pinion shafsalso. The rack, Z°,

45 will not be moved during the first inwsrd or’

second outward movement of the eross-bar, Q,

as its iiner end abuts against the periphery

- of the diek, O®, which, as before stated, is not
recessed. Therefore, the pinion, +, and gear-

50 wheel, 7%, will bestationary. Henes, only two
pinionshafis revolveat the time of the second
outward or first inward movement of the eross-

- bar, Q, namely, the first and third pinion
shafts, thesecond pinion shaft being station-

55 ary. Before the racks start on-their second
inward movement, the starting mechanism is

shifted so as to bring Its units disks opposite.

. the ends of the racks, which then enter the
recesses in said disks, or abut against the pe-

6o ripheries of those disks having zero fecesses,
that is, having no recesses in the seetors oppo-
site the racks.” The rack, Z¢, will enter the

- reeess in the second sector of the disk, IX®,
which recess is eight graduations in depth,

65 thersby permitting the rack, Z¥ to move in-
ward eight graduations. The rack, Z5 will

- not enter the second sector of the disk, V?,

iz moved downward until its pointer -

8

singe that is not recessed, and, of course, the
rack, Z%, will be stationary, not only during its
second inward movement, but also during its
third outward movement. The rack, 77, be-
“ing opposita its units disk, will enter the sec-
ond recess, which is two graduationa in depth,
and will thereby move longitudinally a dis-
-tanee egual to two graduations, thus rotating 75
its pinion, 7, equal to two graduations, which
revolves the gear-wheels, #’ and 74, the latter
moving one-hkalf the portion of a revolution
made by the pinion, . The second pinion
shaft, not being in engagement with any rack, 8o
will not be moved. It will be plain, therefore,
that the third eounting pinion will revolve a
distance equal to eight graduations, while the
first and second factor pinions are stationary.
Thus, it will be seen that, by one rotation of 83
theerank, Iobtain twoseries of variable move-
ments of the pinion shafts, one due to the en--
trance of the racks into the tens disks, and the
other due to the entrance of the racks into the
units disks, The first series may be termed go
the “nrimary revolution,” and the other the
“secondary revolution,” In this partienlar
example, I obtain a primary rotation of the
first and third pinionshafts equal to one grad-
uation each, or one tenth of a revolution, and g3
I then obtain a seecondary revolution of the
third pinion shaft, only, equal to eight grad-
uations or eight-tenths of 5 revolution. These
results may be expressed as follows: Where 1,
2 and 3 indicate the first, second and third
shafts, “P” designates portions of a primary
‘revolution and “8™ designates portions of a
secondary revolution, the shafts being men-
tioned in the order of their places on the ma-
chine from right to left.

1 2
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The above indieates that, by multiplying 509
by 2,1 obtain from the product of the third
digit 9 by 2 equals 18, thaf is, one ten and eight
units. From the muliiplieation of the second
digit, 0. by 2, I obtain no tens and no units,
while from the multiplieation of the first digit,
I get the number, 10, or one fen and no units,
It will be plain, then, that one secondary revo-
lution of the second shaff is equal, in valua,
to one primary revolution of the third shafs,
while a secondary revolution of the first shaft
is equal to ons primary revolution of the ssc-
ond shaft, and this ig true for all the shafts.
This being 80, I can tabulate the above figtres
in this way: i )
3

ﬂfl glsﬂ

that is, all the portions of a primary revola-
tion of the third shaft are considered as por-
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shaft, and all the portions of a primary revola-

tion of the second shaft are considered as por-

tions of a secondary revolution of the fArst

shaft, and have been so represented above.
5 Therefore, the above figures show that the
prodnet of 509 by 2 is 1,018, which is correct.

It will be seen hereinafter that it isthefunc-
tion of the totalizing or combining and regis-
tering mechanism to reduee the seecondary
revolution of one shaff to primary revelutions
of the next shaft ahead or to the left of it
‘Wheun the erank has completed its revolution
which produced the above results, the key 2
ig allowed to spring back to its normal posi-
tion, the whole mechanism thus far deseribed
being again at.zero, or in its normal position.
The key 8, of the key-board, A% is then de-
pressed and held down while the erank is
iurned, the operation being easily understood
from what has been said before. In thisecase,
I obtain a primary revelation of the third
shaft, equal to seven graduoations, no primary
revolutions of the second shaft, and a primary
revolution of the first shaft, equal to four
graduations. The secondary revolution of
the third shaftis equal to two nnitary grado-
ations. Thatof the second shaft is zero, while
that of the first is zero also. This may be
tabulated as follows:

3o i ) 3
trlslels|p
L4 ololal7

o

15

25

or, replacing the primary reveolutions by their
equivalent secondary revolutions, I have

1 2 3
2]212]
£ (0| 7] 2
which shows that 503 multiplied by 8 equals
4,072, which is correet; but, it is clear that,
in the frst multiplication, the multiplier, 2,
represented two tens, while, in the second
maultiplication, the multiplier, 8, represented
eight units. Therefore, the first produet,
1,018, was one thousand and eighteen tens,
zo or 10,180, while the second produet, of eourse,
. is eorrect as it stands, that is, four thousand
and seveniy-two units. Combining thesge, I
get %4,252, which is the total product of 509
by 28.
g5  The mechanism which gives to easch key de-
pressed on the key-board, A% its proper value,
whether units, tems, hundreds, &a., is con-
tained in the totalizing or combining and reg-
istering mechanism, which will now be dea-
6o seribed. It consists, primarily, of a series of
perforated disks, 8% each disk having ten pin-
holes arranged in a cirele,;at eqnal dirtances
apart, all the disks being mounted on a regis-
ter ecarriage adapted to move fransversely so
65 as to throw the perforaied disks into engage-
ment with the pin-disks on the pinion shafts
immediately precoding the movement when

3
2

35

40

43

the cross-bar, @, has completed its first in-
ward movement. The register carridge moves
back, withdrawing the perforated disks from yo
the pin-disks, at the moment the cross-bar
has completed its second ontward movement,
and shifts longitudinally, so that each perfo-
rated disk is moved opposite the pin-disk of
the next shaftto the leftof theone with which
it was in contact before—that is, the perfo-
rated disk in esntaet with the pin-disk on pin-
ion shaft No.2 is moved until opposife the pin-
disk on pinion shaft Ne. 1, and so on. Just
a3 the cross-bar is completing its second in-
ward movement, the register carriage again
moves transversely, so as to throw the perfo-
rated disks and the pin-disks in contaet, re-
moving. them from such contaet as the cross-
bar eompletes its lasf outward movement.
The perforated disks are mounted on spindles
which carry dials that serve to indicate the
rotations; or parts of a rotation, made by their-
respective spindles. o Eroﬂuce thesa move-
menfs, the following mechanism is employed:
A cam-operating shaft, X’, is journaled in the
framework of the machine atz’, and provided
at one end with a bevel gear-wheel, W', which
meshes into a corresponding bevel gear-wheel,
W, fized on the main driving shaft, X, where-
by motion istransmitted to the cam-operating
ghaft, by the revolution of the crank, K. The
shaft, X’, earries a patrof cam-wheels, B and -
E? one at each end of the shaft, such ecam-
wheel being fixed on-the shaft and having
similar peripheral cam-surfaces, best shown
in Fig. 13. The cam-wheel, E? also has alat-
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‘eral cam-surface, ¥V, V', ag shown in devel-

oped view in Fig. 14,and is cogged internally,
as shown in Fig. 2, for engagement with a
gear piuion, v, fixed on a-sguare shaft, ¥,
earrying a cylinder, Y, longitudinally mov-

1113

| able on the said shaft, which is journaled in

suitable bearings in the frame, as at+? Fig. 2,
The part of the frame carrying said bearings,
©* is provided om its upper surface with in-
verted V-shaped tracks on which move eorre-
spondingly grooved wheels, R/, R%, R%, and R4,
carrying end-pieees, B which are united by
guide-rods, J, as shown, the goide-rods and
end - pieces, together, forming what will be
termed the “main carriage,” the end-pieces
having slots, b, through which the eam-oper-
ating shaft passes, whereby the movement of
the main carriage toward or from the trans.
mitting mechanism is permitted, this move-
ment belng eaused by the.cam-wheels, E,
E? whose peripheral cam-surfaces act on
rollers, e, carried on bracket arms, £, at-
tached to the end-pieces, B the main car-
riage being held with tha rollers, ¢, in contact
with the eam-wheels, E’, E% by means of
springs, &%, Fig. 15, secured to the end-pieces
and to any suitable portion of the framework.
On the gunide-rods, J, is mounted an upper
auxiliary carriage composed of end-pieces,
BY, Fig. 17, which are longitudinelly movable
on the guide-rods and are united by two pairs
of bearing bars, b’, b% the upper pair, &', car-
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rying 8 series of indicator spindles, s, on
each of which -is fixed a perforated disk, 8,
an indieating-dial, C, and a mutilated upper
star-wheel N, which will be more fully de-
seribed hereinafter. In thelower pairof bear-
ing bars, I?, are revolably mounted a series
of register spindles, 8’, each of which is pro-
vided with a perforated disk, 8% a lower mu-
tilated star-wheel, n, hereinafter referred to,
a finger, P, a register dial,-a’, and a ten
toothed star-wheel, n’. Beneath the mpper
auxiliary ecarriage is a lower auxiliary car-
riage; composed of end-pieces, B, united by a

" pair of bearing bars, 1%, the end-pieces, B3,

15

29

‘25

being arranged below and within the end-
pieces, BY The end-pieces, B slide longi-
tudinally on guide-rods, J’, which are united
at each end by s truck, BS, Fig, 15, provided
with wheels, &%, ronning on a flat track, b,
and forming part of the framewhieh has the
V-shaped track., Thetwo auxiliary carriages,
together with the main earriage, I term the
“recording carrisge.” In order thatihe aux-
iliary carriages may both be shifted longi-
tudinally together, the end-pieces, BE, of the
lower auxiliary carriage are extended in

" height. above the lower edges of the end-’

30
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pieces, B, of the upper anxiliary carriage.
The springs, attached to the end-pisces, B of
the main earriage, tend to hold the auxiliary
carriages forward, that is, with the perforated
disks in eontact with the pin-disks, the action
of the springson the npper auxziliary earrisge
being transmitted to the lower anxilisry car-
riage, by means of fongues, b% one tongiie be-
ing attached to each end-piece, B? of the main -
carriage and entering s noteh,'b"’, in the up-
per edge of the corresponding truck, B, the

‘length of the notches being such that the

trueks, and hencé the lower auxiliary car-
riage, are permitted a limited movement in-
dependent of themain carriageand theupper
auxiliary carriages. The trucks, B°, are
guided on their flat tracks by means of guide-
pins, &5, fixed to each end of each: truck, the
forward gnide-pins working in slide-ways in
the upper end of bracket-arms, 1%, fized to the
framework, while the rear gnide-pins move.
in holes bored in the edge of the frame, which
is thickened for this purpose,-asat ¥, In
ihe bearing bars of. the lower auxiliary car-

- riage is mounted a serles of dog-spindles,

55

M’, each provided with a finger, m’; arranged
to be engaged by the finger, P, of thespindle
one placed to the right of the spindle directly

- over it, Hach finger is provided with anarm,

6o

65

P’, which is séctor-shaped, as shown in Fig.
18, the periphery of each sector having five
notches, one at thecenterand two at each side
of the center. A leaf-spring, P? securedtothe
frame has its free end bent to form a tooth,
p° whieh is-arranged to enter any one of the
notches in its- respective sector-arm, thereby
preventing. any accidental movement of the
finger or of the dog-spindle, the spring-tooth
engaging the gentral noteh in the normal posi-
tion of the dog-spindle, and engaging the other

notches, according to the direction in whieh
the dog-spindle is rotated, and the amount of
such rotation. This will be better nndersteod 70
when taken in conngction with the operation
of the dog-spindles, and their attached parts,
which will be deseribed hersinafter. Cnthe
rear or outer end of each dog-spindle is fixed
a carrying dog, ¥, of the shape shown in Fig. 75
10, each having a downward-extending arm
provided with a pin, 4 and having twe teeth,
+ arranged to engage the teeth of the star-
wheel, n', directly above it.

The eylinder, Y, is provided with two sets 8o
of projections, one set consisting of a series
of spirally-arranged cam-teeth, y, the inclinad
surfaee of one tooth of each pair being slopsd
in a direction opposite to that of the other
and the teeth of each pair being so located, 85
as to leave & passage befween them. The.
segond set of projections is arranged in a

‘straight longitudinal row and consists of a

series of donbly-wedge-shaped cam teeth, 7,
arranged ashort distance apart, 8o as to leave ge
a passage between them, these passages being
in line with the passages between the indi-
vidual feeth of each pair of projections, 4.

-This construoction will be fully nnderstood

from Fig. 9, which is a developed view of the g3
eylinder, Y. When the spindles of the regis-

-ter dials are rotated one cyele, their fingers

contact with the fingers of the dog-spindles

fo the left of the one below the respective
fingers, whereby the carrying dogs areswung 1co
in one direction or the other, aceording to the
direction of rotation of the recording spindles.
The eylinderis so located that, as it revolves,

the pin, 4, of the carrying dogs, will enter the
passages between the spirally-arranged eam- 1og
teeth, when the said dogs are in their normal
position, that is, when in a vertical position,

as shown at 1, Fig. 10. 'When, however, the
dogs are swang in either direction, their pins,

4, will contact with the inelined snrface of 110
one or the other tooth of their respestive pair,
aceording to the direction in which the dogs
have been swung, whether to the right or to

the leff. Assoon as the pins contact with
the inclined surfaces of the teeth, the ¢ylin- 15
der, by its rotation, will fores the dogs farther
over in the direction in which they were
started by the fingers, whersby one or the
other of the teeth, 4% are engaged with their
respective star-wheels, #’,and rotate the latter 1zo
ons tooth in one direction or the other.

It will be apparent from the sbove that
whenever a register dial is revolved one com-
plete torn in either direetiom, it moves the
adjacent register dial at the left one-tenthof 125
arevolution. Therefore, when a pinion shaft
on the iranemitting mechanism is caused to
make less than a full revolution, the register
dial with whick it is coupled will also make
less than a complete revolation, and, as the r3-
said register dial bears a graduated series of
ten figures, on its periphery, ronning from 0
to 9, the said register dial will indicate the
parts of a fuoll revolution made by the pinion
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shaft, and, when a pinion shaft makes ons
complete revolution, it will also rotateits reg-
igter dial one complele cyele, which, if said
register dial be initially.at zero, will be from
zero to zero again, whereby the said register
dial will move the adjacent register dial on
the left one-tenth of a revolution in a corre-
sponding direction, whish will be from 0 to1
or from 0 to 9 (if the said adjacent register
dial be initially at 0), according to the diree-
tion of such rotation. As the cylinder con-
tinues to revolve, the ping of those dogs which
have been swaug to one side will be brought
into contact with one or the other inclined
surfaee of the wedge-shaped teeth, 5, whereby
the dogs will be restored to their normal po-
sitions. It will be plain that when the dogs
are swang back to iheir said normal positions
Ly the teeth, j, their respective star-whaels,
would also be rotated in a direstion opposite
to that previously given them, if the dogs
were still I engagement with them. To pre-
vent this, the upper aunxiliary earriage is
moved toward the transmitting mechanism,
whereby the star-wheels are alse carried for-
ward out of engagement; with the dogs, which,
being mounted only oun the lower auxiliary
earriage, do not partake of the motion of the
upper auxilinry earriage, nntil their pins are

out of engagement with the teeth on the cyl-

inder, Y.

The teeth, %, on the gylinder, Y, are ar-
ranged spirally for the reason that, by this
consirnetion, the dogs are swubng one at a
time, commencing at the right and ending at
the left, thus not only redueing the power
necessary to rotate the cylinder, but slso per-
mitting the carrying dogs to carry a ten
throughont an entire series of figures, For
example, if the register dials show the num-
ber, say, 999,999, and the number 1 be re-
coived from the transmitting mechanism to
be atdded o the above number, this 1 will
be added to the first 9 at the right, by the ro-
tation of the dial containing such 9, the rota-
tion being due to the rotation of the pinion
shaft coupled to such dial. Wlhen the said
1 has been thus added to the figure 9 on
the said dial, the latter will, of course, be
brought to zero, and the Gnger, P, on the first
dog-spindle to the left will be swung to one
side, whereupon that pair of eam-teeth, ¢, on
the eylinder, Y, whieh is arranged to contaet
with the pin of sueh dog, will move the lat-
ter 80 as to turn ita dial one-tenth of a revo-
Intion, which will be from 9 to 0, at the same
time swinging the next dog at.the left, which
is thus engaged by its respective pair of cam-
teeth, ¥, and moves its dial from 9 to 0, which
swings the next earrying dog at the leff,
which is then engaged by its eam testh, and
80 on, until the dial containing the first left
hand 9 is reached, whereupon this dial will
also be set at zero and the adjacent dial to
the left will be set at 1, the dials then show-
ing the number, 1,000,000, This operation,I
designate as “earrying the tens.”

538,710

If the teeth, 4, on the cylinder, were in a
straight row similar to the teeth, j, the above
operation, of course, could not be performed,
as all the teeth, ¢, would simultaneousty come
opposite the pins of their respective dogs,and
the lafter, with the exception of the firat one
at the right, would enter the passages be-
tween their teeth before being swung to one
side by the fingers on the adjacent right hand
apindles.

The lateral movement of the carriages, in-
dependent of ¢ach other,is due tothe tongnes
whieh project down from the end-pieces of
the main earriage, and enter the notehes in
the trocks, as before deseribed.

The springs which are attached to the main
earriage pull the main carriageand the npper
auxilinry carriage forward, as socun as per-
mitted by the rollers moving onto the inner
cam-surfaces of the eam-wheels, B’, E? and,
as soon as the tongues have reached the for-

70
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ward ends of their respective notches, they .

draw the lower auxiliary carriage forward
until the pins of the earrying dogs are freed
from their position of econtact with the pro-
jeetions on the eylinder, Y. The continned
forward movement of the earriages brings the
perforated disks in contact with the opposite
pin-disks.

In order to permit the fingers, P, of the reg-
ister spindles, to stay io contacting position
with regard to the fingers of the carrying dog
spindles, the latter fingers are made wide

9!5
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enongh so as to allow the shifting 6f the np- -

per carriage relative to thelower to take place,
and, to prevent the lower anxiliary carriage
from following the npper anxiliary earriage
during the beginning of its inward or forward

movement, the trocks are each provided, on -

their under side, with two noiches, ', Fig.
15, whose distaunce apart is equal to the inde-
pendent movement of the upper carriage, a
apring, %, being attached to the frame below
each trock, and entering one or the othar
noteh in the lower edge of its respeetive truek,
whereby the lower auxiliary carriage is held
baskward or forward vatil the fingers of the
upper auxiliary carriage actually reach the
ends of their notches, . :

For the purpose of shifting the two auxil-
iary earriages longitudinally on the main-car-
risgegnide-rods, J, lhe lower edge of the lower
auxiliary earriage is. provided with a comb,
v, Fig. 7, pivoted at one end fo a projection
seeured to one of the end-pieces of the lower
auxiliary carriage and arranged fo be raised
or lowered at the otherend by means of a rod,
K% movable in lugs secured to one end-piece
of the upper auxiliary carriage. :

The eomb, 2/, is provided with teeth, »7, ar-
ranged at intervalsegual to the distance from
cenier to esenter of the register spindles, the
teeth being arranged to be severally engaged
by a nose, ¢4 fixed on the upper face of a re-
eiprocating shifting bar, % mounted at one
end in a slide-way, G', and in a slide-way
formed at G, in the framework carrying the
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-truck. The onter end of the bar carries a
toller which is held in contact with the lateral
'cam-surface, V, V’, of cam-wheel, E? by a
spring, 2% as will be fully understood from
5 Fig. 7. On the inner end of the shifting bar,
%% is mounted a sledve, 4%, having a project-

ing eollar, v% throngh whiechis passed a long’

sorew, %, having one end threaded a short
distance into the slide-way, @’. The sleave
fits snugly enotugh on the shifting rod to be
moved with the movement of the latter in
eilther direction, nuntil limited either by its
collar sontacting with the slide-way, G’,or by
engaging the head of the screw, 2% As the
shifting bar is foreed inward by the projec-
tion, V7, on the cam-wheel, E?, the nose, 7%,
comes in contact with one tooth of the aomb,

Io

I5

', and forces the said comb inward one tooth,
at the same time, earrying with it the lower.

2o auxiliary earriage, which also moves the up-

per auxiliary sarriage; owing 1o the fact that
the bearing bars of the lower auxiliary car-
riage exfend upward between the end-pisces
of the iipper auxiliary carriage. '

The eylinder, Y, is provided with a grooved
neek, 4’, which is engaged by the forked end
of an arm, M, projecting from the lower aux-
iliary carriage, whereby the 6ylinder will move
‘longitudinally on its sqmare shaft by thelon-
gitudinal shifting of the carriages.

The cam-wheel, E? is so fizxed on the eam-
operating shaft that the roller on the end of
the shifting bar, v begins .to ascend ihe in-
cline on the protruding cam-surface, V’, of

3¢

‘ment, when the units disks are opposite the
ends of the racks, and the roller commences
to deseend the decline of said protrnding cam-
surface, V', at the {ime when the said racks
begin theirjthird and last outward movement.
Moreover, the carriages are shifted laterally
toward the pin-digks, by means of ikie periph-
eral cam-gurfaces on wheels, E" and E?, st the

40

45
the limit of its inward movement, whereby

‘the teeth on the eomb, 2/, are moved ont of
the position of engagement with the nose on
the shifting bar and the latter is then free to
return by the action of ite spring, withont
contaeting with the comb. When the comb
i1s moved longitudinally inward, the tooth pre-
ceding the one whieh isengaged by the nose,
%% will sfrike against the collar, +%, and will
53 forcethelatter along until it strikes the slide-

way, G, whereupon the further motion of both

the eomb and collar will be stopped. As the

phifting rod is retracted by its spring, %, the

sleeve will move outward with the rod, by
fio friction, until it is stopped by the head on the
serew, v% whereupon it is ready to enter the
space behind the next toothon the comb, when
the latter has been shifted by the movement
of the carriages.

For the purpose of seiting the indieator
and the register dials at zero, the following
‘mechanism is employed: The mutilated star-

5¢
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wheel E? at the moment when the racks, Z°
to Z°, commenes their second inward move-.

moment when the shifting bar has reached’

13

wheels, N and n, on the indicator and the
register spindles of both sald dials contain
buinine teeth, the tenth tooth being removed, jo
which leaves 2 gap or space, the mutilated
star-wheels on the spindles of the indieator
dials being so arranged that, when the said
indicator dials are at zero, the gaps will be
on the lower sides of the star-wheels, while 75

‘the star-wheels on the spindles of the regis-

ter dials are arranged exacily opposite, that
is, their gaps are on the upper side, when
their register dials are at zero. Between the

two sets of star wheels is located a revoluble 3¢

shaft, N/, mounted in bearings in the main
frame; and may be turned by hand. On this
shaft are fixed three racks, N?, N® and N* ex-
tending the full length of the maching, two
of the racks, N? and N° being diametrically 8z
opposite, while the third, N¥ is half way be-
tween the said two racks. When the shaft,
N’,is turned with the two diametrically-op-
posed racks in a vertioal posifion, the teeth
of the racks will engage the teeth of the star-
wheels, and, as the carriage is drawn back-
ward, the star-wheels will be revolved until
their gaps come opposite the racks, where-
upon they aannot be rotated farther, and will
remain at zero, the indicator and register
dials, of conrse, %eing also at zero. The third
rack, N4 may be turned so as to engage either
the npper or lower set of star-wheels, which
ean thus be returned to their normal position
independent of each other.

The indicator dials, C, hereinbafore men-

go
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tioned, are provided with twoseries of pariph-

eral figcures, each series running from 0 fo 9,
in a direction opposite to that of the other,
and extending only half way around the pe-
riphery—that is, each indieator.dial has its
periphery divived into twenty parts, which
are numbered from 0 to 9, and then from 9 to
0, the twe 9’8 being separated by the figure,
0, as shown in Fig. 7. The perforated disks,
¥, are arranged to severally engage the pin-
disk; 87, on the indieator shaft, »%, Fig. 5,
whereby any movement of the latter will be
indieated on the register dial, (, at that time
conunected to the register shatf.

The cam-wheels, B and E? are fixed on
the cam-operating shaft, bat the bevel gear-
whesel, W’, i3 loose thereon, and, to connect
the Iatter so that it may revolve the cam-
operating shaft, the ecam, E,is provided with
& spring-bolt, m, Fig. 3, which is adapted to
enier either of two holes in a segment, W2,
fixed to the bevel-wheel, W', these holes be-
ing sixty degrees apart, that is, one sixih of
arotation from each other. 'When the spring-
bolt is in one hole, the cam-wheels, E and E?,
will force the carriages inte connection with
the transferring mechanism, af the moment
when the racks, Z’ to Z° are beginning their
second and third outward movements, whers-
‘by the register dials will be rotated by the
outward movement of the racks, and will turn
in & sinistral direetion, whereas, if the bolt
be in the other hole in the segment, W?, the
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eam-wheels will move the carriages forward
one sixth of g revointion sooner thao before
and the register dials will be rotated during
the firgt end second inward movements of
the racks. :

From what bas been stated of the varicus
parts of the apparatus, it will be plain that
the complete operation may be considered as
divided into six equal portions of a revoln-
tion of the hand-crank. These operations,
however, are modified aceording to whether
the machine is set for mnultiplieatlion or di-
vision.

‘When set for multiplication, the following
are the six sfeps which ocear during one ro-
tation of the crank: '

First, the outward movement of the racks,
Z® to Z° by means of the eross-bar, Q, the
simultaneously turning of the starting mech-
anism, until those sectors which contain the
products of the depressed key are opposite
the end of the racks, and the lateralshafting
of thestarting mechanism nntil the tens disks
ars opposite the ends of the racks. . -

Second, the inward movement of the racks,
Z' to Z° At the completion of the second
sixth of the revolution of the crank, the racks
rest with their inner ends abutting either
against the bottom of the recesses, or against
the periphery of the unrecessed sestors: As
the racks reach the end of their first inward
movement, the totalizing or combining and
registering mechanism is foreced forward nn-
til its perforated disks are coupled with the
pin-disks. o

Third, the second outward movement of
the racks, which rotates the pinion shafts,
and thereby moves the register dials, which

are coupled to the pinion ghafts, and indi-_

cates the revolutions or portions thereof nade
by the counting pinions, the indicator dials
remaining stationary. As the racks reseh
the limit of their cutward movement, the
totalizing mechanisin is drawn backward so
that its perforated disks are no longer in con-
tact with the pin-disks,and thestarting mech-
anism is again shifted until its units disks are
opposite the ends of the racks.

Fourth, the second inward movement of the
racks, whose ends then enter the recesses in
the units disks, or abut against the peripheries
of those sectors which have no racesses. Dur-
ing this time, the earrying pius of the trans-
ferring dogs have been in their position of
engagement with the projections on the oyl-
inder, Y, and any carrying dogs out of their
normal position will be foreed farther to the
left, by the left hand inclined surfaces of the
spirally-arranged teeth, v. Toward the eloss
of this sixth of a revolution, the inclined ear-
rying dogs are restored to their normal posi-
tion, by their pins coming into econtact with
the right hand inclined surfaces of their re-
spective teeth in the atraight row of teetl, j,

63 and, as soon as this is dons, the whole total-

jzing mechanism is moved laterally one place
to the left, and is simultaneously moved for

ward again into engagement with the.trans-
mitting mechanism, each perforated disk be-
ing now coupled with that pin disk which
lies one place fo theleft of the one with which
it previously engaged. ’

Rifth, the third ontward movement of the
racks, thereby turaing the dials according to
the depth of the recesses in the sectors of the
starting devices, the register dials indicating
the rotation of the pinions, while the indicat-
ing dial in engagement with the register shaft
is rotated-so as to indicate 2 number equsal to
the namber on the depressed key on key-
board, A% Toward the end of this movement,
the register mechanism is forced backward
out of engagement wilh the transmitting
mechanism, and the starting mechanizsm is
shifted to-its normal position. :

Sixth, the final inward movement of racks
to their normal position, and the rotation of.
the starting mechanism to its normal or zero
position, during whieh time the carrying dogs
which may have been thrown outof their nor-
mal pesition, are swung still farther by the.
teath on the eylinder, Y, to operate their re-
spective star-wheels, and then are thrown
back or restored to their normal position
again. : -

In division, the steps arve similar to the
above, with the exception that the totalizing
mechanism is coupled with the transmitting
mechanisme during the firat and third sixths
of the rotation of the erank, whersby the dials
are rotated by the inward movemsnt of the -
racks instead of by the outward movement,
so that the figures appear on their peripheries
in decreasing series and the earrying dogs
areswung in a direction opposite to that which
they have in multiplication, and henee the
dials to the left of those which make one rev-
olution are rotated backward by the carrying
dogs.

In using the machine for division, the
spring-bolt, which locks the bevel wheel, W’,
to the eam-wheel, B, is first set in its position
for multiplieation, and the dividend then ar-
ranged on what has besn previously termed
the “multiplicand key-board,” A’, whereupon
it is transferred to the register dials by mul-
tiplying it by unity, thut is to say, the key 1,
on key-board, A% is depressed, while the
erank, If, s turned one revolation. The di-
visor is then arranged on the said multipli-
eand key-board, A’, and the machine set in
its position for division, or, in other words,
the spring-bolt is shifted fo the other hole of
the segment carried by the wheel, W'. The
carrisges are shifted longitudinally so that

.the spindle earrying the register dial which

bears the left hand figure of the dividend is
eoupled to the pinion shaft whose pinion rep-
regents the second left hand figure of the di-
visor. Theoperator mentally determines the
dnmber of times the divisor is contained in
the first figures of the dividend, and prasses
such key as bears the nnmber equal to the
trial guotient thus obtained, at the same time
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turning the crank, which causes the mech-
anism to-subtract the produet of the divisor
multiplied by the number on the key de-
pressed from the original dividend; the differ-
ence remaining on the register dials after the

- operation, heing then nsed as a second divi-

1o

I3

dend and the operation carried ovt as before,
uptil the final difference, remaining on the
register dials; is Tess than the divisor., The
number expressed on the indieator dials is
the quotient. - : '

The operation of ‘the machine in perform-
ing addition is similar to that in multiplica-
tion, with the exeeption that the recording
carriage is not moved longitudinally, the
comb, ', being raised so as not to engage the
nose on the shifting bar. :

The operation in subtraction is similar to

- that in addition, with the exception that the

20

: 25

spring-bolt, m, is plased in the position it oo-.

cupies when the machine is used for division.

In Figs. 19 to 25, 1.have shown another form
of mechanism- embodying my inventjom,
which may be considered under four divi-
tions, namely: first, the controlling mechan-
ism;-second, the transmitting mechanism;
third, the .totalizing mechanism, whieh, for

the sake of perspicuity, in this instance, may -

- be described first; fourth, the indieating meeh-

3a
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|40
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1)

_being squared,

‘anism, which-need not be deseribed or shown
herein, as its construction and operation will-

be clear from the deseription of the indicating
mechanism, deseribed-in the first machins,
when taken in consideration with the deserip-
tion of the'three other divisions of the pres-
ent machine. ; 3 - ,

The transmitting -meehanism -consisiz of
racks, Z’ to Z% construeted asin the Arstform
of mechanism embodying my invention, and
arranged to engage & series of counting pin-
ions T”,. The oross-bar, Q, is eonnectad to
side rails, Q°, which are reciprocated by a eon-
neoting rod actuated by acrauk,zo’, monnted
on.the main driving shaft, X, whieh, in this
case, is at.the same end of the machine as
the eross-bar, Q. The counting pinions are
mounnted on pinion shafts, each being pro-
vided with a pair of oppositely-beveled gear-
wheels, 8%, which are fixed on a slesve, 88
having a sguare ceniral opening thromgh
which the pinion shafts pass, the lacter also
By this construection, the lon-

- gitudinal movement of each sleeve is per-

55
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mitted, while, at the same time, the rotary
motion of éach pinion shaft will turn its slesve
gnd the gear-wheels alzo. The sleeves are
united in any suitable manner to & longi-
tudinal bar, 8%, moving transversely in slide-
ways; S', each end of the bar being provided
with g contact rod, 8%; the contact rods being
arranged to engage with cams, E7, which are
adjustably fixed on the cam-operating shaft,
X', in such a manner that the bevel-gears
and the sleeve may be shifted in either dirse-
tion, &8 desired, as will be more clearly ex-
plained hersinafter. - y

- In the pregsent machine, the register spin-

15

[ dles are arranged verticzlly, instead of hori-
zontally and are provided at their lower ends
with bevel gear-wheels, 8%, each bevel-wheel
being adapted to engage one or the other of
iis respective bevel gear-wheels, 87 fized on
the sleave. The direction of rotation of each
spindle depends wpon which bevel whesl of
ihe pair, 87 its own bevel-wheel engages, and,
when nof in engagement with either, it re-
mains stationary.

The controlling mechanism consists of a se-
ries of transverse combs, B, journaled in the-
side bars, @, and adapted to be shifted in the
direction of their lengths, by means of a
grooved rail, R?, fixed to the sliding rods, R?,
moving in slide-ways, R, the end -of each
sliding rod being pressed into contact with g
cam-wheel, HS, fixed on the cam-operating
shalt, by means of a spring, f, the rotation of
thie said cam-operating shaft thereby shifting
the eombs in one direction or the other. To
one end of each comb, R, is fixed a fork econ-
gisting of an upper arm, RY, and alower arm,
R® g pin, A, fixed on a stem, A?, working be-
tween these arms of the fork, sach stem mov-
ing vertically in a pair of sockefs, and pro-
vided with a head on which is marked the key
number. Forthe purpose of helding each key
in its normal position, & helieal spring is pro-
vided, each spring surronnding the stem of its
reapective key, and bearing against & collar,
A’ -passed throogh the stem, thelower ends of
the springs resting on the lower sockeis, A%
The sockets are fixed to the framework earry-
ing the slides in which the racks are mounted,
in smeh a manner that, when the gide Tods, Q7
are-in their normal position, at the end of
their inward movement, the pin, A% on each
key-stem, A% will be between the arms, RY,
R*™, of the fork on its respective comb, and,
therefore, when in this position, if a key be
depressed, its pin will strike the lower arm
and awing it downward, thereby rotating the
comb on its axis, whereby the teeth of ibe
combare moved until they poinf upward. To
the nnder side of the racks are attached two
series of ping, which, as they deiermine the
point at whieh the racks start in multiplica-
tion, may be termed “stopping pins,” and,
moreover, one geries of the pins may be
termeéd the “tens pins,” and the other, the
“units pins,” the former being shown by the
smail blackened squares in Fig. 27, while the
latter are represented by the small nnshaded
sqnares. The ping are so fixed on the racks
that, when any comb, B', is turned with its

ing shaft is revolved and the side rods there-
by moved outward, the said comb will engage
the tens ping of its respective set, and will
carry the racks outward with it, the racks be-
ing retracted during the inward movement of
the combs by their respectivesprings. When
the comb reaches its limif of inward move-
ment, it is shifted in the direction of its
length and again moved ontward by the side

rodg, the teeth of the comb being then brought
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© : in contaet with the units pins of its respect-.
dve :get, wheraby the racks are.again moved:

“outward and finally returned to their normal

position.” It will be apparent that the dis-
‘tanee of ‘travel of each comb is determined
by the movement of the side rods, which de--
: pends - upon: the. throw of the. cranks, and,.

therafore, the combs. always move ‘an ‘egual.
: distanee both inward -and owtward, As will
-be geen frowm Fig: 27; the pins are: arranged:

in nine sets, one -set for each -ecomb; thers

‘- -being nie combs :and: ten- keys, one of the
keys, namely, the zero key, not engaging.
any.comb. Moreover, the pins:ave go gradu-:
ated on: their respective racks as:to deter--
-mine the. movement of each rack, aecording.

. ‘to-the proditet to be represented by such rack,
‘In thé machine frst ‘deseribed, the depth.of
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- thé recesses inthe disks determined the move-
ment of the racks, and, in the machine now be-:
ing described, the pins perfofm the same:fone--

-tion as the recesses in the disks, the tens pins

:eorresponding $o recesses in the tens dizks,

:while the wnits:;pins correspond to the recesses

inthe unitsdisks. ‘When an upturned comb is

drawn ontward by the side rods, it, of sourse,’
.- moves: those racks the farthest whose pins it-

. first engages; while those racks whose pins’
-arve last engaged are ‘moved the shortest dis-
‘tance. - Moereover, any racknot provided with
-.a pil in the respective divisienh td which the
-upturoed cemb belougs will not: be moved, it.
being apparent that the absence:of a pin in-
this machine is equivalent to an. unrecessed.
:geetor in:the machime: first -described. . As
-these. pins are: arranged at: proportional .or
.graduated .- distances from the dividing lines

of ‘the respective sets, it is elear that the
amonnt of movemeant of the racks will be pro-
porfional to the key depressed. The space
between adjacent division lines may be con-
sidered as divided into tenths, and the pins
are so located that their distances from their
dividing line forward of them will contain
respectively as many tenths as such ping are
intended to represent in the prodncis. For
instance, if the key 1 be depressed, so as to
throw its comb into a vertieal position, the
reds will carry the said eomb one tenth of its
full distance before the teeth of the comb con-
tact with any piuos, the first pin engaged be-
ing the pin on rack, Z% which pair is nine
tenths (of the full travel of the ecomb) from
ithe line between divisions, I and II. The
comb will move the rack, Z% one tenth of the
full distance of travel of the rack, when the
teeth of the comb will engage the pin on rack,
ZE, then moving it, together with rack, Z% out-
ward another tenth, whereupon it will engage
the pin on rack, Z%, and will carry it, together
with racks, Z8 and Z°, outward one tenth, then
striking the pin on rack, Z% and moving it,
together with racks, 27, Z® and Z° until it
reaches the pin on rack, Z5 the operation con-
tinuing in the same way, until the comb ar-
rives at the zero line of its limit of outward
movement, at which time the pins on racks,
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| %7 to 7% are allin 8 line at rightangles tothe - . . .

path of the comb..  The- distanee over which.

. the racks travel te reach.this position will ye-- :

vary, of éourse, acsording to the distanée'of

- theirrespactive pina from the said zevo line, ... .

the pin on rack Z°, moving nine times as far .
as the:pin on rack, Z’, the pin on raek, Z9, -
moving eight times as far as the said pin: on -
rack Z’,and soon. -- As:the distance of travel -
of the racks varies, se, also, the. amount of ro-
tation of the.counting pinions will vary. . .

* From the deseription thns far, itwillbeun-: .- -
derstood. that the racks make two oufward 8o
movements,: during the first. of whieh :lhe . . ..
comb ‘engages the pins which represent the .. :
tens of -the product, thas is,.the pins which
produes tha primary revolutions of. the.pin- : . ..
ion-shafis, after which: the eomb is moved in- 85 -
ward and shifted so-that, on its second ent-- ... ..
ward movement it engages the .pins which . . .-
prodnce the secondary rotations of the pinign; ;. @ .
shafte. : : : -

--Tha totalizing machanism. in this.machine i
is similar to.that of the apparatus:first-de-. . .
geribed, with the exesption that the register . . :
spindles are mounted vertically.instead of . . -
horizontallyin the carriage, thecarrying dogs - -. .
being’ arranged with ‘their spindles vertical; 95 :
their pins engaging the. projections, yand 4, : & .-
at the top side of the cylinder, ¥.: The aux- - :
iliary catriageé on whieh ‘the garrying - dog.: : :
spindles are mounnted is shifted so-as to dis-: © .-
engage the earrying dogs fromn the star-wheels, .1oc
by means of a pair of cams. . .- YN
- In.Figs. 26 and 27, T have -illustrated an- @ - ..
other form:of mechanisin .embodyinga part.. .
of my invention, namely; the controlling de-.. : .
viges, the transmitting and the totalizing roj
meehanisms not being shown, as they are
gimilar to that previously deseribed in con-
nection with Figs. 19 to 25, inclusive. - In this
constrngtion, thestarting meehanism consists
of aseries of pairs of recessed plates, I*, 1" fo
IX2 IX® one pair for each rack, the combs of
the previously-desdribed deviee being re-
placed by asingle comb Q! having long teeth
g°, this comb being fixed at each end to ver-'
tisally-movable racks, mounted in slide-ways
earried by the side-rods, and engaged by pin-
ions fixed on a shaft journaled in bearings
on the side-rods. Theshaftisprovided atone
end with any suitable mechanism for rotating
it,soastobring the teeth of the comb opposite
any desired set of recesses in the plate, as, for
instance, the lever fixed to the end of the
shaft, this lever L' serving as a pointer or in-
dex and moviog over an are LY provided with
nambers which.indieate the position of the
comb with relation to therecessed plates, Tor
example, if the index be at 53, the teeth of the
comb will be opposite the recesses which may
besaid to represent the produets of five. As
tha side rods are drawn outward by the rota-
tion of the main driving shaft, the comb is
also moved outward until its teeth enter the
recesses in the gtarting plates and sirike the
bottom of such recesses, whereupon the con-
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tinoed outward movement of the side rods
and comb will foree the racks ouiward, thereby
The
comb, of course, always travels a definite dis-

tance, which is defermined by the throw of |

the erank which moves the side-rods, but, as
the recedses in the plates fixed to the racks
vary in depth, some of the testh in the eomb
will come Into engagement with the bottoms

of their respective recesses sooner than the.

others, thereby moving the racks a distance
proportionate to the recesses gpposite the
comb. The recessingof the plate is done on

4 seale of tenths, in the same general way as

the recessing of the disks in the mechanism
first deseribed in connection with Figs. 1, 2,
&e.—that is to say, the recesses are gradu-
ated in depth, as before mentioned.. More-
over, the plates, as before stated, are in pairs
and the testh of the comb engage first with
the tens plates and then with the units plates,
this being due te the fact that the shaft and
ihe comb are moved in the direction of their
lengths, by a cam-rod held outward by a
epring, and bearing against & cam on the
cam-operating shaft, _ ’

From' the deseription of the varioua forms
of machines which have been given, it will
be plain that many mechanisms may be em-
ployéd to embody my invention.. Therefors,
I do not limit myself to the specific construe-
tions shown and described, -

Having thus fully déegoribed my invention,
what I ¢laim as new, and desire to secure by

- 35 Letters Patent, is—

~
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1. In a ealenlating machine, the combina-
tion, with & eontrolling meehanism, and a ge-
rieg of {ransmitting devices whose movements
aredetermined by the-controlling mechanism,
of a registering mechanism, and a coupling
devies arranged to couple any-desired trans-

mitting device to the registering meehanism,"

snbstantially as set forth.

2, In a caleulating machine, a controlling
mechanism consisting of eontrolling devices
arranged in pairs, one deyice of each pair be-
ing graduated to sorrespond to the fens, and
the other deviceof the same pair being grada-
ated to correspond to the units, of the.pro-
duets determined by the said pair of control-
ling devices, in combination with a series of
transmitting. devices whose movements are
controlled by the eontrolling mechanism, a
registering mechanism, and a coupling device
capable of coupling any desired transmitting

-devies to the registering mechanism, substan-

tially as set forth. .

3. In & caleénlating machine, the combina-
tion, with a controlling mechanism, of a se-
ries of independently-movable racks whose
movements are determined by the control-
ling mechanism, and a pinion arranged so as
to be capable of- engagement with any desired

‘rack, substantially as set forth.
. 63,

4. In & calculating machine, the combina-
tion, with & contrplling mechanism, of & se-
ries of racks whose movements are deter-

mined by the controlling mechanism, and a
series of pinions capable of simultaneous en-
gagement wilh any desired oue of the racks,
substantially as set forth. 2

5. In & caleulating machine, the combina-
tion, with & controlling mechanism,and 2 se-
ries of racks whose movements are deter-
mined by the controlling mechanism, of a se-
ries of pinions eapable of simunltansocns or in-
dependent engagement with any desirad rack,

" snbstantially as set forth.

6. In & calenlating maechine, the combina-
tiom, with a series of racks arranged side by
sifle, of a series of pinion shafis extending
transversely across all of thé racks, and & pin-
fon mounted on each pinion shaft aod ar-
ranged to engage the racks, substauntially as
set forth. -

7. In a ocalealating machioe, the combina-
tion, with a series of racks, and a series of
pinion ghafte arranged transversely to said
raeks, of a series of pinions mounted on said
shafts, and means for moving each pinion
into engagement with any desired rack, sub-
stantially as set forth.

8. In a caleculating machine, the combina-
tion, with a geries of racks arranged side by
side, and a series of pinion shafts extending
transversely across all of said racks, of a se-
ries of pinions movable on the shafts longi-
tudinaliy, of the latter, a series of pinion-moy-
ing buttons engaging the pinmions and pro-
vided with indices, and a graduated acale
over which the indices move,substantially as
get forth. .

9. In a caloulating machins, the combina-

.tiom, with a series of racks, of a pinien shaft

having a polygonal cross section, and a pin-
ion monnted on said shaft and arranged to
move longitudinglly therson, whereby the
said pinion will be rotated by the shaft, and
may be engaged with any desired rack, sab-
stantially as set forth.

10."In 2 caleulating maechine, the combina-
tion, with & sontrolling mechanism, and a se-
ries of racks whose movements are determined
by the controlling mechanism, of & pinion
shaft having a polygonal eross sestion, 3 pin-
ion mounted on said shaft and arranged to
move longitudinally thereon, and means for
shifting said pinion into engagement with any
desired rack, subatantially as set forth.

11. In a caleulating machine, the combina-
tion, with a pair of controlling devices, of &
transmitting mechanism,and means for shift-
ing the controlling devices so as to engage
either one of the pair with the transmitting
mechanism, substantially as set forth.

12, In a caleulating machine, the combina-
tion, with a pluralify of pairs of gradaated
controlling devices, each pair being graduated
differently from any other pair, of a series of
transmitting devices, one for each pair of con-
trolling devices, the transmitting devices be-
Ing eapable of simulianeousengagement with
their respective controlling devices, substan-
tially as set forth.
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13. In a calenlating machinse, the combina-
tion, with a plurality of pairs of graduated
conirolling devices, each pairbeing graduoated
differently from any other pair, of a series of

5 transmitting deviees, one for each pair of con-
trolling devices, a registering meehanizm op-
erated by the transmitting devices, and means
for setting the controlling devices according
to the figures of the multiplier, substantially
as set forth.

14. In a ealoulating machine, the combina-
tion, with a controlling mechanism, aud s se-
ries of racks whose movements are determined
by the cortrelling mechanism, of a register-
15 ing mechanism movable in a direction par-

allel to that of the movement of the racks,
subetantially as set forth. '
15. In a calculating machine, the combina-

“iion, with a controlling mechanism, and &
zo plurality of racks whose movements are de-

termined by the controlling mechanism, of a
series of counting pinions each arranged to be

Io

ghified into engagement with any rack, and.

a registering deviee actnated by the pinions

25 and movable independent thereof, eubsian
tially as set forth. :
16, In a calenlating machine, a controlling
mechanism consisting of controlling devices
arranged in pairs, one for the tens and one
3o for the uniis of the prudumets determined by
each pair of controlling devices, in combina-~
tion with a transmitiing mechanism station-
ary in a lateral direction, and means for mov-
ing the controlling devices laterally with re-
35 lation to the transmitting mechanism, where-
by either the eontrolling devices for the units

or the controlling devices for the tens are
brought into engagement with the transmit-

“tling mechanism, snbstantially as set forth.

17. In'a calenlating machine, a series of re-
cessed controlling disks, and means for ro-
tating the selected disks to the desired ex-
tent, in combination with a series of racks
whose movements are determined by the con-
trolling disks, and a geries of counting pin-
ions arranged one in advance of the other,
and means whereby the counting pinions may
be brought simultanecusly into engagement
with any desired rack, substantially as set
forth. ;

18. In a caleulating machine, a plurality of
controlling devices, a plurality of racks whose
movements are determined by the controlling
devices, a series of pinion shafis, a series of
counting pinions on the pinion shafts, and
means for moving each counting pinion into
engagement with any desired- rack, substan-
tialiy as set forth. .

19, In a caleulating machine, a registering
mechanism comprising a series of register
dials, a series of register spindles on which
the dials are mounted, a series of star wheals
fized on the register gpindles, a series of
dog spindles, a series of carrying dogs on the
65 dog spindles, a series of pairs of fingers,

one finger of each pair being. fixed on its re-
spective register spindle, and the other finger

-
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of the same pair being fixed on its respective
dog spindle, and means for swinging the ear-
rying dogs, substantially as set forth.

20. In a calenlating machine, the combina-

tion, with a series of register spindles, and a

geries of dials fixed thereon, of a revolubleeyl-
inder provided with a plurality of pairs of
lateraliy-acting eam teeth, one pair for each
spindle, and mechanism interposed between
the cam teetk and the registerspindles where-
by the dials are moved by the eam testh in
gither direction, snbstantially as set forth.
21. In a calenlating machine, the combina-
tion, with a series of register spindles, and a
series of dials Axed thereon, of a revoluble eyl-
inder provided with a plurality of pairs of
spirally-arranged laterally-acting cam teeth,
and mechanism inferposed between the cam
teeth and the register spindles whereby the

8o

85

dials are moved saceessively in either direc- -

tion, substantially as set forth. .
22. In a ealeulating machine, the combina-
tion, with a series of register spindles, and a

inder provided with a pluralily of pairsof cam

teeth, the cam faces of the teeth of each pair
:gloping in opposite directions, mechanism in-
-terposed between the cam teeth and the regis-

ter spindles, and means for shifting said mech-

go

: series of dials fixed thereon, of a revoluble eyl- .

95

anism into engagement with either series of -

the cam surfaces, whereby thedirection of ro- .

tation of the dials may be changed, substan-
tially as sef forth.

23. In a ealeulating machine, the combina-
tion, with a series of register spindles, a se-

-ries of dials and a series of star wheels fixed

on the spindles, a series of dog spindles, a se-
ries of carrying dogs fixed thereon,and means
for communieating motion from each register
spitdle to its dog spindle, of means for shift-

ing the carrying dogs into or out of engage-

ment with the star wheel of the register spin-
dles directly above them, substantially as set
forth.

24, In a caloulating machine, the combina-
tion, with an upper and a lower ¢arriage, of 4
series of register spindles mounted in the up-
per carriage, a series of dials and star wheels
fixed thereon, a series of dog spindles mounted
in the lower earriage, means for transferring

o0
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motion from the register spindles to the dog”

apindles, a series of dogs actnated by the dog
spindles and arranged fto eogage the star
wheels, and means for moviog the carriages

Iz0

with relation to each other, substantially as -

set forth, .

25. In a ealeulating machine, the combina-
tion, with a-register carriage, and 2 comb at-
tached to the carriage, of a longitudinally-
movable shifting bar arranged to engage the
comb, substantially as set forth.

26. In 4 caleulating machine, the combina-
tion, with a register carriage, and a comb at-
tached to the earriage, of a longitudinally-

“maovable ghifting bar arranged to engage any

ons of tlie teeth on the comb, substantially as
BBt fOI‘f-h. b
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27. In a caleulating machine, the ecombina-
tion, with a register carriage, dnd a somb at-
tached to the carriage, of & longitudinally-
movable shiffing bar provided with & nose ar-

-ranged to engage any one of the teeth on the

comb, and a-cam wheel for operating the shift-

. ing bar, substantially as set forth.

28, In a ealeulating machine, the combina-
tion, with a register carriage, and a shifting
bar, of mechanism for shifting the earriage

- transversely into or out of engagement with

the ghifiing bar, and means for moving the

. bar, substantially as set forth. .
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29. In a calenlating machine, the combina-
tion, with a register carriage, and a comb at-
tached tothe carriage, of ashifting bar, means
for operating theshifting bar,and mechanism
for moving the carriage transversely into or
out.of engagement with the shifting bar, sub-
stantially as set forth.

30. In acalenlating machine, the combina-
tion, with a register carriage, of a comb piv-
otally attached to the carriage, a shifting bar
provided with a nose arranged to engageany
one of the teath on the comb, means for op-
erating the shifting bar, and mechanism for

-lifting the comb out of engagement with the

i_wse on the ghifting bar, substantially as set
orth. :

81l. In acaleulating maching, the ecombina-
tion, with a register carriage, and a comb piv-
otally attached to the carriage, of a shifting
bar-provided with & nose arranged to engage
any one of the teeth on the comb, a eam for
pushing the ghifting bar in one dirsction, and
a spring attached to the shifting bar and tend-
ing to force the shifting bar in the opposite
direction, substantially as set forth.

82. In a caloulating machine, the combina-
tion, with a register earriage, of a comb at-
tached tothe carriage, 4 shifting bar provided
with a nose arranged to engage any one of

- the feeth on the comb, means for operating

59

the shifting bar, and mechanism for moving

‘the carriage transversely whereby the comb

may be moved oot of i{s position of engage-
ment with the nose én the shiftibg bar; sub-
stantially as set forth. . ,
_33. In a calonlating machine, the ecombina-
tion, with a register earriage, and a comb at-
tached to the earriage, of a shifting bar pro-
vided with a nose arranged to ehgage any
oneof the teeth on thecomb, and a cam wheel

538,710
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having a lateral eam face for operating the
shifting bar, and a peripheral cam faee for
moving the carriage transversely, substan-
tially as set forth.

34, In a calcnlating machine, the combina-
tion, with a register earriage, and a eam-oper-
ating shaft, of 3 eam-wheel fixed on the cam-
operating shaft, and having peripheral and
lateral cam faces, of a roller earried by the
register carriage and engaging the peripheral
cam face of the cam wheel, a comb attached
to the earriage, & shifting bar provided with
# nose afranged to engage any one of the
teeth on the comb, and with aroller engaging
the lsteral cam face of the cam wheel, & spring
holding the roller of the main earriage in
contact with the peripheral cam face, and a
spring securad to the shifting bar and hold-
ing its roller in contact with the lateral cam
faee, substantially as set forth.

85. In a calenlating maching, the combina-
tion, with a series of pinion sghafts, and a se-
ries of connting pinions mounted on said
shafts, of a series of register spindles, a car-
riage in which the register spindles are
mounfed, means for moving the carriage al-
ternately in a longitudinal and in a transverss
direction, and means for coupling the pinion
shafts to the register spindles, whereby each
register spindle will be first rotated by oune
pinion shaft and then moved inte engage-
ment with an adjacent pinion shaft, substan-
tially a8 set forth.

36. In a calonlating machine, the combina-
tion, with a series of pinion ghafts, and a se~
ries of eonnting pinions mounted on said
shafts, of & pin disk.on each shaft, a series
of register spindles,a perforated disk on each
spindle, & ecarriage on which the spindles are

. mounted, means for moving the earriage lon-

gitudinally, and means for engaging the pin
disks and the perforated disks, whereby mo-
tion is imparted from one counting pinion to
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its opposite register spindle and then to the -

next adjacent spindle, substantislly as set

 forth.

In testimony that I claim the foregoing as
my invention I have signed my name in pres-
ence of two subseribing witnesses.

- OTTO STEIGER.
‘Witnesges:
C. MavER,
ALBERT WEICKMAR,
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