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My invention relates to computing machines
and more particulariy to such machines whose
operations involve the obtaining and the accu-
mulation, additively or subtractively, of prod-
ucts; and it has for its principal object to pro-
vide improved multiplying mechanism for such
machines. The invention relates to that class of
computing machines that yield a product by true
multiplying mechanism as distinguished from
that class of machine whose mechanism is essen-
tially that of an adding machine and in which
when a number is multiplied by 38, for example,
the number is set up and the machine operated
3 times.

The invention has for one of its objects to pro-
vide mechanism which yields partial products,
that is, the product of a multiplicand by a digit
of ‘2 multiplier and which transfers said partial
product in ifs entirety to an accumulator by one
continuous movement or at least substantially
go. 'The several partial products constituting the
whole product of a multiplicand by a plural digit
multiplier-may be accumulated additively or may
be subtracted from a previously accumulated
amount as, for example, in the figuring of dis-
counts.

The invention has for further objects to make
certain subsidiary imprevements in the mecha-
nism.

The invention includes a multiplying logarith-
mic spiral pair laid off to-yield the products of
the nine digits by one another covering the
range of one to eighty-one and mechanism for
controlliing the operation of such a pair and for
entering the products into an accumulator.
According to the invention a series of these pairs
and their associate mechanism is provided, one
for each denomination or order, and gearing for
conveying the movement of each logarithmic
pair to a wheel of an accumulator so that as the

everal pairs are rotated each to yield the prod-
uct of two digits, the whole product is rolled at
once into said accumulator. I am not aware of
any prior coustruction of which this is true.
The invention also includes means to add one
unit of movement at each operation of a logarith-
mic pair to compensate for the fact that the op-
eration of such pairs starts at one instead of at
zero. Preferably, this additional one is added on
the accumulator as a portion or extension of the
continuous movement of the logarithmic pair.

To the above and other ends the invention con-
sists of certain features of construction and
combinations and arrangements of parts, all of
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2
which will be fully .described herein and partic-
ularly pointed out in the claims.

An instance of the invention is illustrated .in
the accompanying drawiags, in which:

Fig. 1 is a longitudinal vertical section of a
machine having the invention embodied-therein;

Fig. 2 is a front elevation of the machine;

Fig. 3 is an enlarged, fragmentary view, partly
in.section, showing certain differential racks and
their associate devices;

Fig,.4 is a detail in section.on the line 4—4 of
Fig. 1 and looking in the direction.of the arrow;

Fig..5 is a plan view of the machine;

Fig. 6 is a fragmentary enlarged plan view. of
certain parts.employed in total taking;

Figs. 7, 8 and 9 are fragmentary elevations of
the key bheards and their cooperating mechanism,
the parts being shown in the act of multiplying
1by9;

Fig. 7 is a view looking leftward from the line
1—1 of Fig. 8;

Pig. 8 is a front elevation;

Fig. 9 is a view with some parts in section on
the line -8—8 of Fig. 8 and looking toward the
left;

Fig. 10 is a diagram of g spiral pair;

Fig, 11 shows a a-pair of spiral gears together
with scales illustrating the different numerical
positions-of said gears;

Fig. 12 is a time-chart;

Figs. 13-16, inc., are detached views of operat-
ing ecams and the levers more immediately oper-
ated thereby;

Fig. 17 is a cross section through the accumu-
lator;

Fig. 18 is a cross section taken along line
18—18 of Fig, 17; and

Figs. 19, 20, and 21 show the zercizing mech-
anism for the accumulator.

The main frame of the machine shown in the
drawings, comprises a base plate 58 (Figs. 1 and
2), a right hand side plate 51, a left hand side
plate 82, and certain cross members joining said
side plates.

The-multiplying elements consist of like pairs
of spirals N and L rolling, the one spiral on
the other, one pair for each denomination of
the multiplicand. The numeral spirals N are
journaled-on a cross shaft 191 and the logarithm
spirals (herein for brevity called the log spirals)
on a cross shaft {82. A pair of these spirals
is shown diagrammatically in Fig. 10, and in their
physical forms in Fig. 11. When the gear L is
displaced from its initial position in accordance
with a logarithm, the gear N is displaced in
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accordance with the antilog of that logarithm.
When the gear I, is displaced in accordance with
the sum of the logarithms of two digits, the gear
N is displaced in accordance with the product of
those digits.

In Fig. 10 the spirals are shown in their initial
position, spiral N being at 1 and L at 0, which
is log 1. In Fig. 11, the spirals are shown re-
tracted to a certain zero position which will be
explained hereinafter. By turning them one
step from their Fig. 11 positions, spiral N counter-
clockwise and spiral L clockwise, they will be
brought to initial logarithmic position where an
index 184 on spiral N registers with graduation
1 on a schematically drawn scale {05, and an
index 186 on spiral L registers with graduation 1
on a similar logarithmic scale 107. In other
words, this movement will bring the spirals to
the position shown diagrammatically in Fig. 10.
The following discussion will be based on this
initia] position, the zero position of Fig. 11 being
ignored for the present. The indexes and scales
are drawn in Fig. 11 for explanatory purposes
only. The graduations on the scale 185 are at
equal intervals, representing numbers, and tixose
of scale 187 are at unequal intervals appropriate
to the respective logarithms of such numbers,
if we take the angular interval between two of
the graduations of scale {85 as our unit of angu-

lar measurement then we may say that to bring

spiral N to represent a number x, we turn it
from its initial “1” position through an angle
equal to £—1. In such turning, spiral L will turn
through an angle y proportional to, but not equal
to, log . We may say, therefore, that it is the
law of this spiral pair that

(¢)

where ¢ is a constant.

Spiral pairs of the general type, represented
by the equation, are known in calculating ma-
chines, and they are capable of performing multi~
plication and division. For example, such a pair
is deseribed in the patent to T. W. Ross, No.

y=a.log =

1,503,810, issued August 5, 1924. In that patent 4

the two spirals are connected to roll together by
two reverse tapes; but in the present instance
I have preferred to make them as “queer” gears
having teeth §83, the spiral curves being at the
piteh lines. Multiplication and division may be
performed with such spirals. If spiral L. be
turned through an angle equal to a.log 8, index
{64 will move to 8 on its scale. If now, spiral L
be turned through a further angle equal to
alog 3, index 164 will point to 24 on its scale.
Or, if spiral L be set at a.log 48, and then turned
counter-clockwise through an angle a.log 16,
index #84 will come to 3, the quotient of 48
divided by 16. In the said Ross patent, how-
ever, the spirals are graduated only from 1 to
10, lower orders of the product being obtained
by interpolation, as with a slide rule. According
to the present invention the spirals are laid
off from 1 to 81, so that, within that range the
rotations of a spiral N are directly proportional
to the products, less 1.

In %ig. 10, C is the distance between the
centers of shafts {01 and 182, R is any radiant
of spiral N, and r the corresponding radiant of
spiral I.. In any position of the spirals, the
momentary rate of increase of angle ¥ with re-
spect to angle z, is abviously equal to

R
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Also, sald rate of increase is equal to

dy
dx
Differentiating Equation 1, therefore.
E_dy_ M
2 T Ty

where M is the modulus of logarithms to the
base 10 (.4343).

Obviously,
3 - C=R-r
Combining Eguations 2 and 3,
aM
4 R=Crrem
and
&z
2 r=Crent

According to these equations, R and r are each
proportional to C. Varying the latter will, there-
fore, change the size of the curves, but not their
shape. But R and 7 do not bear this simple rela-
tion to @, and varying the latter will, therefore,
change the shapes of the curves. Obviously, ¢
may be said to be equal to the ratio of the unit
of measurement of the angular movement of
spiral L to that of spiral N, and therefore, to
increase ¢ is to increase the total angle through
whieh the spiral I. swings. A little considera-
tion of Equation 4 will show that to increase a
wiil make comparadvely littie difference in the
radiants when =1, but will appreciably increase
R, where x=81. Also, changing the unit of
angle would change proportionately the number
of degrees of angle covered by the scales 185 and
107, and the angles through which the spirals
turn. Thus, within the purview of the above
equations, a number of spiral pairs may be
worked out differing more or less from one an-
other, and the choice of one of them as the most
desirable will probably be based on mechanical
considerations which may be better understood
after describing the balance of the mechanism.

The spirals chosen for illustration and shown
in the drawings, were arrived at in some such
way as follows: The distance C was put at 2.5
inches. The spirals were designed to yield the
thirty-six different products obtained by muiti~
plying the digits 1-9, such products ranging from
1 to 81. It seemed desirable for the numeral
spiral to have a maximum movement of about
three quarters of a turn, and 3%° was therefore
chosen as the unit of angular movement., It
seemed suitable for the log spiral to have a
maximum swing of somewhat more than a half
turn, and the several logarithmic radiants r were
therefore laid off each at an angle of 100° multi-
plied by log x, so that log 81 is represented by
an angle of 190.8°, log 2 by an angle of 30.1°, and
so on. The factor a therefore became 100 divided

by 3% = Equations 4 and 5 thus became:
30M

(6) R= Cx-{-BOZV

and

(7 == T 30 7

If we fix C at 2.5 inches, and remember that
M=.4343, the values of R and r in inches re-
duce to

325725
~z-+13.029
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and

p— 2.5z
“2-+13.029

Some change in the cooperating mechanism
might make it desirable to change the propor-
tions of the spirals. A pair in which the unit
of angle is increased to 4° and log x is multi~
plied by 160°, may, perhaps, be preferable to the
one shown in the drawings. In this instance,
a=40. The spirals may be varied in other ways.

In sach dencmination, the spiral pair L, N, is
included in a train of gearing shown in Figs. 1, 2,
5 and 9. The numeral spiral N, is part of a
rigid structure including also a gear wheel ({0
and a spacer 111, the three parts being secured
together by rivets 112 and the whole journaled
on the shaft {81. Between the gears N and {10,
in the space provided by the spacer 11, is a
gear ({3 journaled on the shaft 102 beside the
spiral gear L, to which it is secured into one
rigid structure, by rivets {i4. Means to actuate
this gear 113 and, through it, the entire train,
will be described presently.

According to the invention the partial products
obtained by these several multiplying gear trains,
are added on an accumulator. To this end, the
gear 110 drives a pinion 1i% which is fast to a
larger gear 115, said gears being journaled on a
cross shaft [17. An accumulator 12§ has its
wheels 12{ and pinions i22 journaled on a shaft
123 supported by arms 124 fast to a shaft (25,
the rocking of which moves the pinions {22
into and cut of mesh with the gears 11§ in the
manner familiar in adding machines. The gear-
ing is preferabkly sc proportioned that turning
the gear (16 through a unit angle (3¥5° in the
specific instance illustrated) turns gear 116 to the
extent of 1 tooth.

Means are provided whereby, when the gear-
ing is operated to register a product, the gear
118 has added to its motion an additional move-
ment equal to one angular unit, in order to com-
pensate for the fact that, when the numeral
spiral N is in its initial position, it already stands
at 1. To this end, as illustrated and preferably,
when after a setting, the parts are restored to
normal position, the wheel 110 and the spiral N
are not stopped at the initial logarithmic posi-

tion shown in Fig. 10, but are retracted to the

normal zerc position shown in Rigs. 11 and 1,
where the spiral N and wheel {10 stand retracted
one angular unit beyond said initial position.
The means to this end may be varied in detail.
As shown, the member L is provided with an
extra tooth 127 (Fig. 11) cooperating with a
notch 128 in the end of the member N in such
wise that when the gear {13 and member I: are
turned counter-clockwise a measured distance
beyond their logarithmic starting point, the
member N is retracted through one unit angle.
The tooth 127 and notch 128 are not parts of
the spiral gearing, but constitute an additional
bit of ordinary spur gearing, entirely independent
of the logarithmic spirals. In Fig. 11, the pitch
lines 129 and 13§ of the gears L and N, respec-
tively, are drawn in, and it will be noted that
they are spirals down to the last logarithmic
teeth, and concentric from there on. In fact,
it will be observed in Fig. 11 that when the
parts are in the normal position in question, the
teeth 193 of the logarithmic series, have moved
out of mesh with one another; but the two parts
L and N are still geared together, and when they
are turned to set up a number, the logarithmic

10

30

70
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teeth ‘will roll into mesh properly. The addi-
tional movement of the spiral L and gear {13 to
accomplish this normal positioning of the parts,
is not a.logarithmic movement but is an empirical
one amounting, the tooth 27 and notch 128
being what they are, to whatever movement is
necessary to turn the spiral N back one unit
angle. Thus, when, starting at normal position,
we set up the number m, these parts will be
turned through an angle equal to the said em-
pirical .angle plus a.log m; and the spiral N and
the gear 110 will be turned through an angle m.
Whether the accumuiator 128 be thrown into
mesh with its actuator 118 on the advance or on
the return stroke, the pinion 123 will be turned
7 teeth in one direction or the other.

The meang to control and to actuate the above
described trains to multiply numbers, in other
words, in the illustrated instance, to actuate and
control the gear {43, may be varied considerably.
An improved means to actuate said gear 113, is
shown in the drawings. Said gear is in constant
mesh with a rack bar {33 slidably mounted on
upper cross frame bars 131 and lower bars 132,
passing through slots 119 in said rack bar.
Springs 135 urge said rack bars toward the front
of the machine for their advance strokes. Each
of these frames actuates the whole train of gear-
ing 119, {13, L, N, {13, 11§, and may obviously
act primarily on any member of said frain. As
iilustrated, they are attached to a cross bar {38
and act to draw the racks 130 toward the front
of the machine. They are retracted to normal
position by a restoring bar 137 playing in a slot
{38 in each of said rack bars and reciprocated
from a drive shaft 140 in the base of the machine,
as will be described hereinafter. A multiplicand
slide bar 14i is mounted on the upper guide bars
131 beside the rack bar 138, and a multiplier slide
bar 142 is similarly mounted on the lower guide
bars £32. Clips i33 sprung into shallow slots in
the bars 181 and 132, guide the rack bars 130
and #4i con cross bars 131 and (39 and i42 on
bars 132 (Fig. 3). The bar {4{ has rack teeth

5 on its lower edge and the bar 142 on its upper

edge, the two racks meshing with a pinion {43
journaled on a stud i43 riveted to the bar 139.
The whole amounts to differential gearing such
that if either bar §41 or 142 slides leftward in

y Fig. 1, the bar 138 will slide in the same direc-

tion through one-half the distance; and if both
bars 14{ and {42 be set differential distances
leftward of normal, the bar 138 will be advanced
a distance equal to one-half of the sum of the
distances advanced by the two bars 14f and 142,
as shown in Fig. 9. In operation, the gear {13
is advanced (turned clockwise) through meas-
ured differential angles appropriate to the loga-
rithms of the several products ranging from 1
to 81, and the bar 138 is advanced the same
linear distances as measured on the pitch line
of said gear; and, obviously, such logarithmic
distances as applied to the bars {41 and 142 are
measured on a-scale twice that applied to bar 130.

As far as the mechanisin above described is
concerned, any suitable means may be employed
to control the differential settings of the bars 14!
and 142. In the present instance they are con-
trolled respectively by a set of multiplicand keys
150, and a row of nine multiplier keys i5f. For
simplicity, the key-boards are shown in more or
less conventional form. 'The accumulator {28
may have a step-by-step travel rightward after
multiplying by each digit of the multiplier, as is
common in calculating machines; but I have
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preferred instead to provide a full set of multi-
plying trains, one for each denomination of the
product, and to make the multiplicand key-board
travel across them. In order to illustrate the
invention as simply as possible, I have shown
only eight places in the multiplying mechanism,
and four rows of multiplicand keys 158.

The multiplicand keys 158 are mounted in a
carriage comprising a top plate (58, a bottom
plate 154, a front plate i85 and a rear plate (5%,
the whole slidable on cross frame bars or rods
i1 and 158. The key stems (80 are slidably
mounted in slots in the plates {53 and 158, being
fanned in as shown to bring their lower ends to
distances apart, proportional to the logarithms
of the digits, said lower ends, when the keys are
depressed, serving as stops for the bars 14f.
The keys have restoring springs i64, and each
of them has a lug {62 projecting through a con-
ventional toothed .locking slide 163 (Fig. T)
mounted in the plates 55 and 158, and each
urged frontward by a spring-pressed pin §§4.
When any key is depressed it will be locked down
by a tooth of the slide {63, and will be released
when another key is depressed in the same row,
in the manner well known; or all of the keys
may be released by pushing in the forwardly pro-
jecting ends of the slides 163. .

In order to retain the main rack bar {33 in its
norinal zero position unless one of the keys {58
controlling its denomination at the moment, is
depressed, the following means are provided.
The front end of said rack 3¢ is made a little
lower than the end of the bar {41, and a stop
bar or lock 168, slidably mounted in the plates
163 and 54, stands normally in the path of the
rack bar 1380, being urged downward by a spring
pressed pin {85 bearing on an ear of said stop
bar. A slide bar 183, mounted beside the locking
bar {83 and standing in front of it as viewed in
Fig. 1, has windows into which project the lugs
162 on the key stems, but the lower right hand
slope of each such window is continued into an
incline {78, so that, when a key is depressed the
bar 168 is moved and retained rearward (Fig., 7).
The slide £68 has at its upper rear corner a cut-
out 83 to prevent said slide from being affected
by the spring pressed pin {§4. The stop bar {66
has a lug 187 projecting into a window of said
slide 168 and cooperating with an incline £72, so
that when a key is depressed said locking slide
166 is pulled upward and no longer obstructs the
motion of the rack bar i38.  If, for example, the
multiplicand was 307, depression of the 3 and
the 7 keys would free the racks 138 in the hun-
dreds and units places, as far as the multiplicand
is concerned, but those in the thousands and tens
places would remain locked in normal position.

The key-board carriage may be fed leftward
by any suitable means, but, for simplicity, no such
means is shown herein, the carriage being moved
by hand. In order to locate the carriage in any
of its four positions, any suitable latch may be
provided, such as a pivoted thumb-operated mem-
ber 159 (Figs, 8 and 9) pivoted to an ear of the
front plate 185 and spring pressed into one of
the notches 16§ in the bar {57. The key-board
carriage is moved at a time when all of the dif-
ferential bars 180, {44 and 142, are held in their
extreme retracted positions by the restoring bar
121.

MMeans are provided to hold inactive all multi-
plying trains except whatever four of them are
at the time under control of the multiplicand
key-board. This may be done in a variety of
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ways. As shown (Figs. 1, 4 and 5), & series of
pawls 188, one for each train, are pivoted on a
cross shaft (8, and urged each by a spring 183
into locking engagement with the large gear 116
of its associate train. The heels of said pawls
project forwardly, and, as the carriage is moved
hack or forth, a flange i84 on the rear edge of
its upper frame plate moves over them and, by
its inclined ends, cams said heels downward and
releases the four pawls immediately behind said
carriage. The pawls not so released prevent their
associated multiplying trains from operating.

The multiplier key-board consists of the row of
muitiplier keys 151 and their appurtenances.
The stems {91 of said keys are guided in upper
and lower guide brackets 192 and (83, respec-
tively, said brackets being secured to the right
hand - frame piece 5§ of the machine. The sev-
eral key stems have lugs 194 projecting there-
from through the usual toothed windows of a
conventional locking slide {85, like the slides 163
of the multiplicand key-board. Said stems are
provided with any suitable restoring springs.
When any key 1581 is depressed it is locked down
by the slide {85 and releases any previously de-
pressd key. The lower end of each key stem
{91, stands above a stud 197, projecting from the
horizontal arm of a bell-crank {98, which is an
elementi of the multiplier stop basket niow to be
described.

Two transverse irame rods 262 and 261, support
right and leit hand guide bars or brackets 202 and
263, respectively. These are sheet metal bars
each having two sleeves or hub-like collars 284:
secured thereto, and the frame bars 208 and 204
pass through these gleeves, which are then se-
cured in place hy set screws. The bars 282 and
283 constitute guide combs for nine stop bars
208. Each stop bar is supported at its right hand
end by one of the ball-cranks 188, and at its left
hand end by a link 288. Said bell-cranks are
pivoted on g rod 287 supported at its ends by
brackets or ears 208 formed off from the ends of
the bar 282; and the links 206 are similarly piv-~
oted on a rod 210 carried by ears 211 formed off
from the ends of the bar 283. Each stop bar 205
has in its upper edge a series of stop teeth 212
separated by notches, one notch normally stand-
ing in line with the end of each of the multiplier
rack bars {42. The construction is such that,
when the machine is operated, a rack (462 may
advance through the notches in unoperated bars
205, and it will be arrested by a tooth of which-
ever of sald bars 285 has been displaced by the
depression of its associated key §5{, which de-
pression shifts the stop bar slightly to the right,
bringing one of iis teeth 212 into the path of each
of the racks {42, Thus, all of the racks {42 that
advance in any one operation, advance to the
same extent, appropriate to the logarithm of the
multiplier digit. 'The stop bars 285 have the
same logarithmic spacing from one another as

he key stops 168 of the mulbiplicand key-board.
It wiil be perceived that in a multiplying opsra-
tion, in each.denomination, the rack (4! will
advance a distance appropriate to the log of the
multiplicand digit set up in that denomination,
the rack {42 will advance a distance appropriate
to the log of the multiplier digit, and the rack
130 will advance and operate the multiplying train
to an extent appropriate to the sum of the two
logarithms, that is, to the logarithm of the prod-
uct of the two digits.

- .In order to lock all of the main rack bars (38
in normal position unless a multiplier key has
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been depressed, the following means are provided.
Behind all of the stop bars 285, there is similarly
mounted anctier stop bar 20§ having teeth 219
normally retaining all four of the active rack

bars 130 in their zero positions, this bar being -

in addition to the individual stops 166 of the
multiplicand key-board; and this stop har 218
is moved to release position by the depression cof
any one of the nine multiplier keys 181. It is like
the stop bars 285 except that its upper notched
edge stands higher than theirs as shown in the
drawings. The lower front corner of the rack bar
130 is higher than that of the multiplier rack
142, so that whereas a tooth of the bar 215 may
arrest rack 130, said rack, when it advances front-
ward, can pass over the top of a tooth of a bar
205 (Figs. 8and 9).

The locking bar 215 is controlied by the keys
{5¢{ by means best shown in Figs, 8 and 8. The
lugs {84 on the key stems 91, project through
windows in a slide 228, each such window having
an inclined edge 221 such that when the key is
depressed the slide is forced rearward. Said slide
has another window whose upper forward edge
222 is so inclined that, when the slide moves
rearward, a lug 223 on a push bar 224 is forced
downward. Said push bar at its lower end presses
down g stud 225 cn a bell-crank 228 to the up-
standing arm of which the bar 218 is pivoted.
Said bar 215 is mounted at its other end on g link
like the links 286. In short, the bar 218 is
mounted and operated in the same way as the
bars 265. It differs from them in that its upper
edge is higher and in that, instead of a noteh,
a tooth stands normally in the path of each rack
130; and when bar 215 is operated, the notches
thereof come in front of said rack hars and free
them to advance. :

‘The mode of operation of the racks 130, i4i
and 142, is as follows. When a rack {33 is re-
stored to normal position by the bar 137, the
rearward movement of the rack {21 is Himited by
the end of one of its guide slots reaching the
cross bar 131; and also, the rack 142 limits in the
same way on the bar i{32. Each of the three racks
is thus at the limiby of its rearward movement,
and as long as rack i38 is retained either by its
upper lock #85 or its lower lock 215, neither of
the racks §4{ or 142, can advance, because the
two racks are connected together by the pinion
{43, and said pinion being held against forward
movement, neither rack could advance without
moving the other rearward. If the 1 key 150 and
the 1 key 51 be depressed (1 times 1) and the
machine operated, the rack {180 must advance the
distance required {o move the spirals L and N
from their normal zero positions fo their initial
legarithmic positions, as above described; and
this will entail a forward motion of ons or the
other of the racks 144, 142, or of both of them,
the movement of one of said racks, or the sum of
the movements of both of them, amounting of
course, to double the distance moved by the rack
130. In the design illustrated in the drawing, this
is accomplished by making the racks 141 and {42
of such lengths that, in the normal position
shown in Fig. 1, the rack {42 stands in its 1
vosition and the rack 141 at a distance from the
1 stop 188 egual to the said double distance.
When multiplying 1 by 1, therefere, the rack #42
is held in its normal position by the 1 stop 288
and the rack 141 advances twice as far as the
rack 138, In the drawing, the stop or lock {85
is shown spaced from the 1 stop (8¢ at this double
distance, so tha! normally the upper front cor-
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ners of the racks 130 and 141 are in alighment
and lock 66 locks the rack (4i also; but this
particular disposition of said lock (66 is of no
significance, and its purpose is achieved by lock-
ing rack 130 alone.

Fig. 9 shows the parts at the end of the forward
stroke when multiplying a multiplicand 1 by &
multiplier 9. The “1” multiplicand key {80 has
been depressed to move its stem 188 into the path
of the rack I14{ and to raise the lock {66 out of
the path of the rack 133. The “§” multiplier
key I3{ has been depressed to shift its stop bar
205 to arresting position and to shift the locking
har 218 cut of position to restrain the rack i36.
The bar {4{ has advanced from its normal zero
position to its “1” position, thus adding 1, and
the rack 142 has advanced from its “1” position
to ifs “9” position, thus adding 8 (z—1). The
searing stands in its “9” position, and 2 has been
added on the accumulator, The rack 130 has ad-
vanced beneath and beyond the end of the set
“1” key stem of the multiplicand key-board.

The restoring bar {37 for the main rack bars
138, is reciprocated by two cams 2308, mounted on
the cam shaft {48, one at each side of the machine
(Figs. 1, 2 and 14). BEach cam acts on a follower
rolier 231 on a lever 232, pivoted at 223 and con-
nected by a pull link 234 with a lever or arm 235
which is connected with said restoring bar by a
push link 238. The arms 238 may be pivoted on
or fast to a cross shaft 227, The timing of this
train of restoring mechanism will be described
hereinafter, in connection with that of other
devices.

The accumulator 128 is thrown into and out of
gear with its actuators (16, by the following
means (Figs. 1, 2, 5 and 15). As hereinbefore
mentioned, it is supported on arms 124 fast on a
rock shaft 125. This shaft is rocked by an arm
248 fast thereon and projecting rearward, a verti-
cal link 241, a lever 242 pivoted at 243 and carry-
ing a follower roller 244, resting on a cam 245 on
the cam shaft i40. The roller is pressed against
the cam by a spring 248, the tendency of which
is to move the accumulator into mesh with the
the wheels (16. The timing will be explained
heresinafter.

Applicant’s multiplying mechanism achieves
by far its best results if the accumulator is of a
type which is capable of continuous operation
without any pause for the purpose of effecting
the tens carry, such, for example, as an accumu-
lator of the “crawl carry” type, and the one par-
tially illustrated in the drawings is, with a slight
exception, substantially the same as that de-
scribed in the patent to C. Gardner, No. 1,828,180,
dated October 20, 1931. As shown in Pigs. 17
and 18, in each order there is a drive member con-
sisting of a nine-toothed drive pinion {22 having
fast thereto a disk 420 with nine teeth 48{ pro-
jecting leftward therefrom. In Fig. 18 the disk

" has heen sectioned away and the teeth 42{ are
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shown in section. The drive member 122, 481 is
journaled on the concentric part of a sleeve or
hub 492 mounted on the shaft 123, and having at
its left end an eccentric portion 493 on which is
journaled a floating gear 404, Said fioating gear
has nine radial téeth, each one cut away on its
left hand face, so that each tooth has a long
part in the same plane as the teeth 401, with
which it cooperates as shown in Fig. 18. This co-
operation causes the floating gear to turn always
through the same angle as the drive member
notwithstanding the eccentricity of the floating
gear and in whatever position the eccentric 403



i1
may be. The foreshortened left hand portions of
the teeth of the floating gear mesh internally
with ten teeth 405 projecting rightward from the
resultant wheel 488, so that said resultant wheel

is geared to the floating gear and, therefore, to

the drive pinion 122, in the ratio of nine to ten.
The teeth 485 are in the form of cylindrical studs.
In the lowest or units order, the hub 482, 408, is
fast to a disk 486SU, like the disks of the resultant
wheels, but having a single stud 407 projecting
through an opening in the arm 124 (Fig. 19) so
as to fix the hub against rotation. In each of the
other orders, the eccentric is connected with the
resultant wheel of next lower order by the sleeve
402 which constitutes the hub of said resultant
wheel so that, in each order, the eccentric 493
rotates on the shaft §23 in unison with the re-
sultant wheel of next lower order.

The slight respect in which the illustrated ac-
cumulator differs from Gardner’s is that, in Gard-
ner, a lug projecting from the periphery of each
resultant wheel is used to arrest the wheel at
zero, whereas, in the present instance, the disk
is enlarged to a radius corresponding to that of
said lug, and a notch 408, having one inclined
and one abrupt surface, is cut in the disk to
serve the same purpose as well as another pur-
pose as will presently appear.

The clearing or zeroizing of the accumulator
120 is not effected by its actuating gears {16 as
is common in computing machines, but is done
by a separate set of rack bars 258 (Fig. 1), one
such bar for each order of the accumulater.
These rack bars may also set indicating dials 25¢,
or printing types 252, or both, to indicate the
result registered on the accumulator or to re-
cord it, as will presently appear. When the op-
erating pinions {22 of the accumulator swing out
of mesh with their actuators {16, they swing into
mesh with their several racks 258. As the pinions
are always in mesh with one or the other of these
toothed members, they require no other detents.
As shown, the rack bars 258 are guided by frame
bars or rods 253 passing through vertical slots in
the bars, and spring clips 254 like the clips 133
already described. Each rack is drawn upward
by a spring 255, and they are all restored to their
normal bottom positions by a restoring bar 258
passing through a slot 259 in each bar. At each
of its ends, the bar 25§ is connected by a link
257 (Fig. 16) with a lever 288 of the first order,
pivoted at 26@ and having a follower roller 23(
riding on a cam 282 on the cam shaft {40. The
restoring bar 258 stands normally in its upper

position, shown in Fig, 1, and, as will presently

be described, the clearing bars 253 are normally
locked down, being released only tc take a total.
In multiplying operations, the restoring bar 258
may move down and up in the slots 259, but
idly.

The indicator dials 251 are journaled on the

shaft 125 and each has a pinion 285 constantly’

meshing with teeth of its associate rack 250. The
dials normally show zeros, and when the racks
rise under control of the accumulator wheels,
these dials indicate the total.

The zeroizing mechanism comprises means co-
operating with each rack 25§ whereby said rack
is normally locked in its down position as shown
in Fig. 1, and which, when o total key is depressed
has the general mode of operation common with
ecrawl carry accumulators, that is to say, the
racks are released one at a time, beginning with
the one of lowest order. Two transverse shafts
308 and 301 are arranged just behind the racks
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250. As shown in Fig. 5 and, enlarged, in Figs.
6 and 19, there are pivoted on the upper shaft 388
at each denomination, two levers, one, 362 having
a hub 803, and another 384 having a hub 385. To
avoid crowding, this system of levers is not let-
tered in detail in Pig. 1, but is shown in Figs.
19, 20 and 21, where some of the parts are desig-
nated by their reference numerals with the addi-~
tion of letters SU, U and T, signifying denomi-
national orders, sub-units, units and tens, re-
spectively. Each lever 382 and 384 has g rear
grm drawn downward by a spring 387 and, at the
proper time, restored upward by a restoring bar
368. The locking lever 382 has an upper arm with
a hook-like end normally engaging a stud 310 on
the side of the associgte rack bar 288, and lock-
ing said bar down. A lower arm of said locking
lever has an ear 3i{ formed off rightward from
its end and engaging the end of a blocking mem-
ber 812, pivoted on the lower shaft 381 and which
positively retains said locking lever in locking po-
sition. The hub 383 has a cut-out 3{3 (Fig. 6)
to avoid interference with the rack 258 of next
higher order.

The lever 304 is herein called the tripping lever
for brevity. It performs the dual functions of
arresting its own accumulator wheel at zero and
of tripping the blocking member 3{2 to release
the levers 382 and 3984 of next higher order
to the action of their springs 387. Besides its
horizontal arm above referred to, it has three
arms 814, 815 and 316 (Fig. 21). The arm 8i6
is adapted, when released, to be pressed by the
spring 307 against the cylindrical periphery of the
resultant wheel of the accumulator and, as said
wheel approaches zero, to slide down the incline
of the notch 488 and finally to arrest the wheel.
The arm 318 has a 1ug or ear 318 formed cff there-
from and normally resting on the end of the
blocking member 3{2, which holds it-just out of
contact with said resultant wheel. The arm 318
lies behind a stud 320 on the blocking member
3i2 which controls the levers 382 and 384 of next
higher order, so that, when the arm 3{6 descends
into the notch 488, the arm %15 will swing the
blocking member 3{2 counter-clockwise until the
ears 3{8 and 3! drop off the end of it and free
the next pair of levers 384 and 382. Two of these
studs 320 are shown in Fig. 6. Thus each pair
of locking and tripping levers, and with them
their associate rack 258, is released for operation
at the instant when the accumulator wheel of
next lower order reaches its zero position.

As indicated in Fig. 19, the ear 348 of the trip-
ping lever rests on the end of the blocking mem-
ber 312 behind the ear 34{ of the locking lever,
so that, as the arm 318 of the next tripping lever
to the right slides down the incline of the notch
468 in the accumulator wheel and the arm 315 of
said lever swings the blocking member counter-
clockwise, the ear 3{8 of tripping lever 344 will
be released an instant prior to the release of the
ear 311 of the locking lever. This is so that, if
the accumulator wheel associated with these two
levers happeus to stand already in its zero po-
sition, the arm 3{6 of the tripping lever will have
a moment of time in which to drop immediately
into the notch 468 before the release of the lock-
ing lever permits the rack to start rising and
turning the wheel. This swinging of the tripping
lever will, of course, immediately trip the devices
of the next succeeding denomination.

Comparing Figs. 19, 20 and 21 with Fig. 6 may
clarify the mechanism. Fig. 21 shows the fixed
sub-units disk 456SU and the extra tripping lever
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304SU, the latter cooperating with the stud 320U
orr the blocking member 312U. As:shiown in Fig.
6, this blocking member is behind the units wheel,
out of the plane of the lever 3043T, but the stud
projects rightward into said plane. 'There is
nothing holding this lever in its normal inactive
position, except the restoring bar 883. The arms
314 and 315 are functionless in this one lever, and
may be cut off if desired. Fig. 20 shows the Iock-
ing lever 302U, cooperating with the stud 340U
of the units rack. The upper pari of said rack
is broken away and the stud 318U is: shown in
section. The ear 311U is standing ever the end
of the-blocking lever 312U and will be held up by
it when the restoring bar 368 drops down. In
Fig. 19 these same parts are shown in the same
way, and, behind the lever 302U is shown the
tripping lever 304U, with ifs ear 318U’ standing
above the blocking lever 3{2U. The reiations of
the parts will be apparent in Fig. 6.

The restoring bar 308 is a bail bar mounted on
two arms 325 (Figs. 1 and 5) whose hubs are fast
on the shaft 380. The right hand one of said
arms is connected by a push link 326 with g lever
327 pivoted on the shaft 243 and carrying a fol-
lower roller 328 (Fig. 13) adapted to be moved
downward by a cam 33% on the cam shaft 140.
The rock shaft 380 has fast thereon an arm 33i
(Fig. 1) normally engaged by a lateh 332 com-

prising one arm of a total key lever having a 4

total button or key 233 on its front end. Said
total key lever is pivoted on a stud 334 and urged
to locking position by & spring 33%.

The operation is as follows: When the parts
are in their normal positions, the: restoring bar
308 is up, holding all of the tripping and locking
levers 384 and 302 out of action and it is locked
in that position by the latch 332; and the cam 333
has its high part out of the path of movement
of the roller 328. With the mechanism in this
condition and the cam shaft {40 standing still
in its normal position, a depression of’ the total
key will result in the restoring bar dropping down
(clockwise) and the follower roller 328 moving
up into the orbit of the cam 333. When the bar
308 drops, all of the locking levers: 302 are re-
tained by the blocking members 312, and so- are
all of the tripping levers 304 except the sub-units
lever 384SU. The latter immediately swings
clockwise and acting on the stud 3257, roeks the
units blocking member 3{12U counter-clockwise,
releasing the units tripping and locking levers
304U and 392U, thus permitting the units rack
to rise, turning the units resultant wheel 486 to
zero, if a number stands registered thereon. The
tripping lever 254U rests on the periphery of the
resultant wheel until the latter approaches zero,
when it slides down info the notch 488 which ar-
rests the wheel. The rocking of this lever trips
the blocking member 3{2T, and initiates the zero-
izing of the tens wheel; and so on across the
series of orders.

It will be noted in Figs. 5 and 1§ that the ear
318 of the tripping lever 304, rests on the blocking
member 312 behind the ear 3iil of the locking
lever, so that, when the latter is rocked the
tripping lever is reieased an instant sconer than
the locking lever. This is so that, if the resultant
wheel is already standing at zero, the arm 349
of the tripping lever will fall iminediateiy into
the notch 408 before the locking lever has time to
release the rack and start it to-rotating the wheel.
At the end of the zeroizing operation, the several
racks 250 will have risen each as far as per-
mitted by its associated tripping and arrvesting
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lever 304, the dials 251 will have heen: rotated

correspondingly to indicate the total visually and
the: types 252 to print the total will have been
aligned before: the platen.

The operating mechanism is so: contrived that
an operation of multiplying a multiplicand:set up
on the Keys 150 by a multiplier digit set up by a
key 151, will be executed by one rotation of the
cam shaft 140 -in either direction frem its normal
position; and:such that when the shaft is turned
(by its erank) counter-clockwise, the product is
entered in the accumulator (28 additively, where-
as, when said shaft is turned clockwise, the prod-~
uct will be entered subtractively.

In the timing diagram, Fig. 12, the degrees of
rotation. are designated at the top of the diagram
from left to right, for a clockwise rotation, and
at the bottom of the diagram frem right.to left
for a counter-clockwise rotation. Comparing the
first two- lines of the diagram beginning at their
right ends, it will be seen that on a counter-
clockwise rotation, the accumulater remains in
its normal position out of mesh with its actuators
116 from 0° to 130° and that meanwhile, from 10°
to 130°, the restoring bar 141, and with it the rack
bars 130 and the multiplying trains, have effected
their advance movement to where the racks {44
and 142 have been arrested by their respective
key stops 160 and 205. From 130° to 189° the re-
storing bar 137 dwells in its advanced position
and the accumulater moves into mesh. From
180° to. 300°, the accumulator remains in mesh
while the restoring bar i87 restores the multipiy-
ing trains thus adding the product on the ac-
cumulator, which then moves out of mesh, 300°
to 350°.

When the crank is turned clockwise, the dia-
gram, read by its upper degree designation,
shows the accumulator first moves into mesh, 16°
to 60°, and the restoring bar advances from. 60°
to 180°, subtracting the product as the racks ad-
vance against their stops. The restoring bar
dwells in its.advanced position while the accumu-
lator moves out of mesh from. 180° to 230°, and
the multiplying trains are then restored, 230° to
350°.

A camplete muitiplication.of a multiplicand by
a plural digit multiplier may be effected by setting
the multiplicand key-board in its. extreme. right
hand position, setting up the mulfiplicand on the
keys 150, depressing the key of the units digit of
the multiplier, and giving the erank one counter-
clockwise rotation; then meving the key-board
one space to the left, depressing the muliiplier
key of the tens digit and again.rotating the crank;
and so-on.

It will be understcod, of course, that a number
may be added on the aceumulator by seiling it
up on the multiplicand key-board and muitiply-
ing it by one. A number of eight digits may be
added in two operations, adding the four highest
places with the key-board.in its extreme. left hand
bositions and the fourlowest digits with said key-
board in its extreme right hand position.

To take a total, the total key 333 is depreszed
while the cam shaft 146 is at rest im its normal
position. This frees the shaft 349 and restoring
bail 398 from restraint by the hook or-iateh 332,
and allows the rack bars 283 to rise, each until az-
rested when its asscciate accumulafor wheel
reaches zero, all as hereinbefore described. After
transeribing the total from the dials 254, or print-
ing it by the types 252, the parts may be restored
to normal by a counter-clockwise rotation ef the
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cam shaft {48. As shown on the last three lines
of the time chart (Fig. 12} from 10° to 60°, the ac~-
cumulator moves out of mesh with the total racks
258 and into mesh with the actuators {16, where
they remain until 180°. The racks 258 are re-
stored during this interval, 60° to 180°, the restor-
ing bar 25¢ then resting in its advanced (lower-
most) position until 230°. At from 180° to 230°,
the cam 338 raises the pawl-restoring bail 388,
rocking the shaft 380 counter-clockwise until it
is locked in that position by the latch 332, thus
locking down all of the racks 258 in the manner
hereinbefore described.. At from 250° to 340°, the
high part of the cam 3238 moves away from the
follower 328, leaving the bail 388 free to drop
again when the total key is again depressed.
From 230° to 310°, the restoring bar 258 moves to
its normal upper position, leaving the racks 258
“free to rise when the total key is depressed.

Varicus changes, besides those hereinbefore
mentioned, may be made in the details of con-
struction and arrangement, without departing
from the invention. .

What I claim as new, and desire to secure by
Letters Patent is:

1. The combination of a pair of logarithmic
gears consisting of a logarithm member and a
numeral member interconnected by spirally dis-
posed gear teeth over a range of movement from
‘a position wherein the numeral member stands at
one and the logarithm member stands at zero to
a position in which the numeral member stands
at n» and the logarithm member stands at log n,
and an additional coupling between the two mem-
bers effective to permit a supplemental move-
ment of the numeral member from its one posi-
tion to its zero position; and an accumulator
wheel geared to and operated by said numeral
member.

2. In a multiplying train, the combination of a
logarithm member one portion of which is a
logarithmic spiral gear and another portion of
which is a spur gear, and a cooperating numeral
member one portion of which is a spiral gear co~
‘operating with the said logarithmic spiral and
another portion of which is a spur gear cooper-
ating with the first said spur gear, said spiral
gears meshing through a range of 81 to 1 on said
numeral gear and said spur gears meshing
through a range of 1 to 0 on said numeral gear.

3. In a multiplying train, the combination of a
logarithm member one portion of which is a
logarithmiec spiral gear and another portion of
which is a spur gear, a cooperating numeral mem-
ber one portion of which is a spiral gear coop-
erating with the said logarithm spiral and an-
other portion of which is a spur gear cooperating
-with the first said spur gear, said logarithm and
numeral members normally standing with said
spur gears in mesh; means to impart to said nu-
meral member a movement from zero to one and
to said logarithm member an empirical move-
ment to zero while said spur gears are in mesh,
and, while said spiral gears are in mesh, to impart
to said numeral gear movements from 1 to 81 and
to said logarithm gear movements through dis-
tances appropriate to the logarithms of 1 to 81,
and means to limit the movement of said log-
arithm gear in accordance with the sum of the
logarithms of two factors plus said empirical
movement.

4. In a machine for multiplying numbers, the
combination of an actuating rack, a multiplicand
rack, a multiplier rack, differential gearing con-
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necting said multiplicand and multiplier racks
with said actuating rack, a logarithmic spiral pair
actuated by said actuator rack including a nu-
meral spiral and a logarithm spiral, means to de-
termine advance movements of said multiplicand
rack to positions appropriate to the logarithms
of multiplicand digits, means to control advance
movements of said multiplier rack fo positions
appropriate to the logarithms of muitiplier digits,
and means to restore said actuating rack to a nor-
mal position beyond its log 1 position to bring
said numeral spiral to zerc position.

5. In a computing machine the combination of
a spiral pair comprising a logarithm spiral rctat-
able from initial position through angles 7 ap-
propriate to the logarithms of numbers = rang- -
ing from one to eighty one and a numeral spiral
rotatable uniform distances according to said
numbers x from position one to position eighty
one, all according to the formula

y=a.log T

and differential mechanism comprising a mem-
ber to operate said logarithm spiral, a member
operable through distances proporticnal to the
logarithms of multiplicand digits, a member op~
erable through distances proportional to multi-
plier digits, and a differential gear connecting
the three said members to control the movements
of said operating member in accordance with
the sum of the movements of the other two said
members.

6. The combination with a logarithmic pair
comprising a logarithm spiral and a numeral
spiral, of a main rack geared to said logarithm
spiral, a multiplicand rack and a multiplier rack
connected with one another and with said main
rack by a differential gear, means settable to
determine a movement of said multiplicand rack,
means settable to determine a movement of said
multiplier rack, means to lock said main rack in
normal position, and means controlied by the
combined action of the two said settable means
to release said locking means. )

7. In a computing machine, the combination of
a logarithmic spiral pair comprising a logarithm
spiral and a numeral spiral, a rack geared to op-
erate said logarithm spiral, a multiplicand rack,
a multiplier rack, a differential gear connecting
said multiplicand and multiplier racks with said
operating rack, in-put means settable to control
movements of said multiplicand rack in propor-
tion to the logarithms of multiplicand digits, in-
but means settable to control movements of said
multiplier rack in proportion to the logarithms
of multiplier digits, and locking means for said
operating rack released by the setting of both
said in-put means.

8. In a calculating machine, the combination
of a series of denominational logarithmic multi-
plying trains each comprising a logarithm mem-
ber and a numeral member, a rack to operate said
logarithm member, a multiplicand rack, means
to hold said operating rack in a zero position
where said rack is retracted beyond its initial
logarithmic position, multiplicand digit stops,
means to set said stops selectively and, con-
comitantly, to release said holding means, a mul-
tiplier rack, differential gearing connecting said
multiplier and said muitiplicand racks jointly
to control said operating rack, multipilier stops
common to a succession of said multiplier racks,
g common means to restrain all of a succession
of said operating racks in their said zero posi-
tions, and means to set said multiplier stops se-
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lectively and concomitantly to release said com-
mon restraining means.

9. In a machine for multiplying numbers, the
combination of a series of denominational log-
arithmic gear pairs each including a logarithm
spiral and a numeral spiral intermeshing over a
range of movement from 1 to 81, an accumula-
tor having denominational wheels, and gearing
connecting each said numeral spiral with the ap-
propriate accumulator wheel to convey to said
accumulator wheels the movements of said nu-
meral spirals, and means to add 1 at each actua-
tion of a logarithmic pair.

10. In a computing machine, the combination
of a series of denominational logarithmic gear
pairs each including a logarithm spiral and a
numeral spiral intermeshing over a range of
movement from 1 to 81, means including a differ-
ential mechanism to set each said logarithm
spiral in proportion to the sum of two logarithms
in one stroke, an accumulator having denomina-
tional wheels, and gearing connecting each of
the said numeral spirals with the appropriate
accumulator wheel to convey to said accumulator
wheels the movements of said numeral spirals,
and means to add 1 at each actuation of a log-
arithmic pair.

HAROLD P. MIXER.
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