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8 Claims.

The present invention relates to calculating
machines and has as its general object the pro-
vision of improvements in a high speed, quietly
operating machine of the rotary type such as
that disclosed in the co-pending application of
Avery entitled “Calculating machines,” filed De-
© cember 18, 1933, Serial Number 702,949, and since
matured into Patent Number 2,211,736, issued
August 13, 1940, of which this case is a continua-
tion in part.

While the rotary type machine has always had
certain obvious advantages over other types, most
rotary machines commercially produced have op-
erated their registering mechanisms intermit-
tently, giving rise to overthrowing thereof at
high speeds, and in attempting to prevent such

 errors, noisy spring pressed pawling mechanisms-

have been incorporated.

The present machine overcomes such disad-
vantages by retaining the registering mechanism
constantly in mesh with its actuators throughout
the period of operation of such actuators. Since
both the "actuators and the registering mecha-

10

15

20

nism are arrested before such engagement is -

broken, no auxiliary overthrow preventing de-
vices are necessary and the noise incident to the
operation of such devices is avoided. At the same
time, the speed of such a machine can be much
higher than- that of a machine depending for

accuracy upon the proper functioning of such.

auxiliary devices.

25,

30,

The provision of automatic multiplication and .

other controls for a machine of this type, how-
ever, presents unique problems which the present
invention has overcome as fully set forth here-
inafter.

The general obJect of the present inventlon

is to facilitate performance of a multipllcation ,

operation in a calculating machine.

Another object is to make possible the effec-
tive depression of a multiplier selection and in-
itiating key before operation of the machine
under control of a previously depressed multi-
plier selection and initiating key is completed,
but without the provision of ‘complex mechanism
for “storing” an entire series of multiplier digits.

Another object is to enable a multiplication
control mechanism to operate additwely or sub-
tractively.

Another object is to reduce the amount of
finger pressure required to depress a multiplier -
control key.

Another object is to require full depression of
a multiplier key in order to-initiate operation
under the control thereof.

40

A further object is to adapt a multiplier con- -
trol mechanism for controlling multicyclic actu-

_ation for use in conjunction with monocyclic ac-

tuation control mechanism.

Other objects will appear during the following
detailed description of a preferred form of the
invention, reference being had to the accompany-
ing drawings forming a part of this specification,
in which: _

Figure 1 is a plan view of the machine of the

.present invention, showing the keyboard, car-
.riage, and the several controls.

Figure 2 is a section in side elevation, illus-
trating the keyboard for selecting a value and
a portion of the actuator mechanism.

Figure 3 is a section taken along the line 3—3
in Figure 2, showing the typical construction and
mounting of a key.

Figure 4 is a sectional detail of a keyboard
check dial.

Figure 5 is a section taken generally along
the line 5—35 in Figure 2, illustrating the arrange-
ment of the keyboard and the actuator mecha-
nism.

Figure 6 is an end elevation of a selection cam
unit.

Figure 7 is a section taken along the line 1—1
in Figure 6, showing the construction of the cam
unit.

Figures 8 to 8D, 1ncluswe, are diagrammatic
views illustrating the positions of the various
cams during a zero selection, and the relation-
ship between the cams and the several sensing
levers therefor.

Figure 9 is a diagrammatic view to illustrate
the relationship existing between various surfaces
on the cam unit.

Pigures 10 to 14 inclusive, are vertical sections
taken at different points through the selection
unit of a single keyboard order, each section il-
lustrating the arrangement typical for selecting
two of the several values which may be’ set up
in the said order.

" Figure 15 is a section along the line 15—15 of

'Figure 14, showing, in section, the assembled
plates disclosed in connection with Flgures 10

to 14, inclusive.
Figure 16 is a front elevation of the carriage,

. & portion of the cover plate being broken away

to show the accumulator and counter mecha-
nisms therein.’

Figure 17 is a section on the line 11—I7 in Fig-
ure 16, showing the mechanisms for rocking cer-

53.. tain shafts in the carriage.
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Figure 18 is a section along the line 18—I8 in
Figure 16. ‘

Figures 19, 21, 22, and 23 are sections taken
through the carriage to illustrate the construc-
tion of the accumulator and counter mecha-
nisms, the sections being taken so as to bring out
the interaction and relationship between certain
of the parts.

Figure 20 is a fragmentary view illustrating
mechanism utilized in connection with the accu-
mulator and counter registers.

Figure 24 is a front elevation, partly in sec-
tion, of two connected dial assemblies, illustrat-
ing the manner of construction thereof.

Figure 25 is an exploded perspective view of a
dial assembly,

Figure 26 is a side elevation of a dial unit.

Figure 27 is a section taken along the line
21—27 of Figure 26. :

Figure 28 is a side elevation, partly in section,
of mechanism for clearing the accumulator and
the counter.

Figure 29 is a rear elevational view of a por-
tion of the power transmission mechanism and
its controls.

Figure 30 is a plan view of the main clutch,

Figure 31 is a side elevation of the main clutch.

Figure 32 is a side elevation of the main clutch
with the retainer plate and drive gear thereof
removed,

Figure 33 is a section taken along the line
33—33 in Figure 32, with the main clutch drive
gear and retainer plate shown in place.

Figure 34 is a side elevation of the reverse
unit and its controlling mechanism. ‘

Figures 35, 35A, and 35B are detail views of
elements of the reverse unit.

Figure 36 is a longitudinal section taken
through the reverse unit.

Figure 37 is a section taken along the line
4731 in Figure 36.

Figure 38 is a fragmentary end elevation of a
reverse unit control member,

Figures 39 and 40 are side elevations of por- .

tions of the mechanism for controlling the setting
clutch. i .

Figure 41 is a side elevation of portions of the
mechanism for controlling operation of the main
clutch,

Figure 42 is a side elevation of circuit controls
and other mechanism associated with the main
clutch and the setting clutch.

Figure 43 shows the various cams positioned
upon the setting clutch shaft,

Figure 44 is a view fllustrating mechanism for
insuring proper alignment of the dipping car-
riage during calculation.

, Figure 45 is a front elevation showing the
centralizing means for the dipping carriage.

Figures 46 and 47 are side elevations,
in section, illustrating the carriage dipping
mechanism and certain controls therefor.

Figure 48 illustrates details of the mechanism
utilized to control release of the carriage from
dipped position. -

Figure 49 is a detail view showing the restore
clutch and mechanism for controlling this cluteh.

Figure 50 is a section taken on the line 50350
in Figure 49, illustrating the construction of the
spring link,

Figure 51 is a detail view which illustrates the
mechanism for centralizing the half speed shaft
in the actuator. )

Figure 52 Is a schematic view showing the vari-

partly |
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ous units insofar as their relationship to the
driving means therefor is concerned,

Figure 53 is a detail view which shows the con-
struction of the supports for the addition and
subtraction bars.

Figure 54 is a detail view which shows the
mechanism operated by the addition and sub-
traction bars, as do Figures 55 and 56.

Figure 57 is a detail view which illustrates the
mechanism for clearing the selection keyboard by
depression of the clear key, as well as mechanism
for clearing the keyboard automatically.

Figure 58 is a side elevation illustrating the
mechanism for determining single or plural cycle
operation, selectively.

Figure 59 is a vertical section through the
multiplier unit, illustrating the manner in which
selection may be made of a multiplier value.

Figure 60 is a detail view of the selection seg-
ment illustrated in Figure 59,

Figure 61 is a section taken on line §i—=6| of
Figure -58. ’

Figure 62 is a vertical sectional view of the
multiplier unit.

Figure 63 is a detail view of one of the multi-
plier keys illustrated in Figure 62.

Figure 64 is a sectional detail showing mecha-
nism for automatically controlling the termina-
tion of a multiplication operation,

Figure 64A is a detail of the lost-motion con-
nection between gear 2020 and cam 2024.

Figure 65 is a section taken on the line §5—§5
in Figure 64, :

Figures 66 and 66A illustrate details of the
construction of certain levers illustrated in
Figure 62. .

Figure 67 is a sectional side elevation showing
certain of the mechanism utilized for effecting
a power shift of the carriage.

Figure 68 is a sectional view taken in part
along the line 68—68 in Figure 67, showing the
construction of the shift unit and its connection
to the carriage.

Figure 69 illustrates details of the control
mechanisms for the shift. : .

Figure 70 is a sectional side elevation which
illustrates the mechanism utilized in connection
with the manually controlled shift keys.

Figure 71 is a vertical section illustrating the -
keys controlling direction of automatic and Zero
multiplier key shift, and also the non-shift key
and mechanism employed in disabling the auto-
matic shift,

Figures 72, 73, and 74 are detail views of the
mechanism illustrated in Figure 71.

Figure 75 is a fragmentary vertical section, il-
lustrating the zero multiplier key and the car-
riage shift control mechanism associated there-
with.

Figure 76 is a detail view illustrating certain
of the mechanism controlled by the addition and
subtraction bars, as well as control of the divi-
sion control member by the division key and the
relation to the restore clutch mechanism.

-Figures 77, 77A, 78 and 7T8A are fragmentary
views illustrating in detail certain of the mech-
anism shown in Figure 76.

Figure 79 is a side elevation showing certain
of the division control mechanisms.

Figure 80 is a detail view showing the stop key
and the short cut key mechanisms,

Figure 81 is a view which illustrates control
deivices for terminating automatic division oper-
ations. :
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Figure 82 is a vertical section illustrating the
short cut key and its associated mechanism.

Figure 83 is. a similar section of the short cut
key, but also illustrating the division and mul-
tiplication interlock effecting the same.

Figure 84 is a detail view which illustrates the

manner of control of the division sensing mech-’

anism and the division gate.

Figure 85 illustrates, in side elevation, mech-
anism for preventing a shift of the carriage dur-
ing a division operation, as well as certain mech-~
anisms for operating the shaft which controls
the disabling of the division sensing mechanisms.

Figures 86 and 86A are detail views of two
members utilized in connection with the rocking
of the aforementioned shaft.

Figure 87 is a detail view in plan of the divi-
sion control bail, commonly known as a gate.

Figure 88 is a plan view illustrating a portion
of the division mechanism, particularly the
means for transmitting from a lower order to the
next higher order, the decimal value of the value
set in the lower order.

Figure 89 is a side elevation 1llustratmg the
relation of division sensing mechanism to the
accumulator mechanism and the manner of con-
“trol thereof. _

Figure 90 is a detail view of elements illus-
trated in Figure 89, showing them in position
with the sensing levers blocking the d1v1sAon
control gate.

Figure 91 is a view similar to Figure 89, show-
ing the sensing levers locked out of operative
position.

Figure 92 is a detall view in elevation of two
of the division sensing units showing the method
~in which these units are secured between the
brace plates.

Figure 93 is a sectional v1ew taken on the line
93—.93 of Figure 91.

Figure 94 is a side elevation illustrating divi-
sion mechanism utilized in connectlon with con-
trol of the shift unit.

Figure 95 is a detail view of the parts used for
releasing and restoring of the division sensing
and stopping mechanism.

3

tiori to cause operation thereof to enter the value
set up on the keyboard. By such a division of
the function of setting the first factor into the

‘machine, the mechanical work done by the keys

and hence the resistance to their depression is
considerably .diminished. Furthermore, the keys
can be released and started on their return to
the raised position as soon as the power oper-

" ated portion of the machine acts. This permits

10

18

20

23

very rapid operations, for the keys are returning
to position during operation of the calculating
mechanism and their return is not delayed until
that mechanism has operated fully. Since the
keys are not relied upon to hold the calculating
mechanism in proper adjustment during a cal-
culation, the first factor of a subsequent calcu-
lation may be set up on the keyboard while the

“first calculation is being performed by the ma-

chine, thus speeding up the machine addi-
tionally. .

In a machine designed for calculation in the
decimal system, the keys are preferably ar-
ranged, as shown in Figure 1, in a series of banks
of ten.keys each, the number of banks provided
in each machine depending upon the magnitude

~ of the factors Wlth which the machine is designed

30

to deal.

As shown in Figures 2 and 3, each key section
comprises the usual number of value keys {00,
which' are slidably mounted in a channel-shaped
key frame 101 and normally maintained in
raised position by suitable coil springs 102. The

" key stems 103 are assembled into the channel

35

40

Figure 96 is a view illustrating control of the '

counter and actuation of the counter.
© Figure 97 is an end elevation, partially in sec-
tion, illustrating driving of -the counter and the
control of the counter mechanism, including the
reversing thereof.

Figure 98 is a sectional view along the line
9898 of Figure 97. : .

Manually set selection mechanism

The machine of the present invention is of the
key set type in which means are provided for
first setting one factor of a calculation upen a
keyboard or equivalent mechanism, and subse-
quently operating the machine in a manner in-
dicated by the character and amount of another
factor of the calculation.

The mechanism for setting up the first factor
may be considered as comprising a manually
operated and a-power operated portion, the man-
ually operated portion being designed to be
moved to a selected controlling position by the
depression of keys or the setting of equivalent
mechanism, and the power operated portion be-
ing designed to be brought into operation im-
mediately prior to the operation of the calculat-
ing mechanism and to act under the control of
the manually set mechanism to move elements
of the calculating mechanism to the proper posi-
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-their springs.

frame 101 (see Figure 2) by insertion from the

top, the slot in the upper side of the channel

member {04 being of sufficient width to pass

‘the projection 104 of the key stem, but the reg-

istering slot in the lower side being of lesser

width, preventing the key stem from dropping

through and being also adapted to contact pro-

Jection 104 to provide a limiting stop in opera-
‘tion of the mechanism.

After insertion of the key stems, strip (08 is
secured in place by means of screws 108, thus
blocking a portion of the upper slot and pre-
venting withdrawal of the key stems. Strip 108
also carries a strip 107 of rubber or other re-
silient material against which projections 104 abut
when the key stems 103 are pressed upward by
This serves to diminish the noise
ordinarily incident to the release of keys from

.their latching means and their return to raised

position.

Each key section is mounted in the machine
between members 108 and 109 which extend be-
tween the side plates of the machine. Each end
of the channeled key frame 101 is slotted as at
{10 (Figure 5) so that the position of the key

.section may be varied, each key section being

secured in the desired position by the screws 111,
After the several key sections have been posi-
tioned and prior to the placing of shielding plate
1 2, Tockable flat decimal markers 1(3, suitably
Journaled between each bank of keys are posi-
tioned as shown. A knurled finger piece (14
extends through a cover member 11§ so that
the flat decimal marker can be rocked to ex-
pose either of its sides, the markers being shown
in the two different positions in Figure 5 and in
Figure 2 in a position occupied while the mark-
ers are being turned. As is well known, one
side of these markers is colored to correspond .
with the coloring of the top of channels 104,
while their other side is colored to contrast there-
with so that by turning selected markers, the




keyboard may be set off in any desired manner.

All the key stems are of the same length and
each has a cam extrusion (16 which, upon de-
pression of the key, pushes a slotted key locking
slide 117, slidably supported on the lower side
of channel 101, to the right, as viewed in Pigure
2, releasing any other latched down key in the
same section. Upon full downward depression
of any value key stem, this slide, pressed forward
by spring 118, snaps back to initial location and
by overlying the upper end of extrusion 1186,
latches the depressed key.

The leftmost key (Figure 2) in each section,
is the zero or clear key, and s provided for the
sole purpose of releasing any latched down key
In the same section. The stem. 103 and extrusion
116 of this key are identical with the other keys
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of the section, but latching down of the key fis

prevented by the provision, on the locking slide
HiT1, of a lip 119, the lower edge of which lies
below the lowest position assumed by the top of
extrusion 146. Hence, while the slide is moved
to the right upon depression of this key, the
lip 119 prevents it from returning leftward dur-
ing the depression of the key, and latching of
the key cannot be effected. :

When a numeral key stands depressed and it
is desired to depress a different numeral key
in the same section, the first key must be re-
leased during the first part of the stroke of the
second key in order to avold Interference be-
tween the respective key stems in moving the
V-slot bar 120. For this reason the lower edges
of extrusions 16 normally lie closely adjacent
the locking slide 117. However, in order to avoid
inadvertent release .of keys when the person or
clothing of the operator touches the zero keys,
the lip 119 of each locking slide, through which
it is moved by the associated zero key, is formed
away from the cooperating extrusion {18 for a
substantial part of its length, as indicated at
121, so that the extrusion does not move the
slide until the zero key has moved through about
half of its stroke., Since the zero keys do not
contact the V-slot bar, this causes no interfer-
ence.

Besides the individual clear keys for each key
section described above, another clear key
{shown in Figures 1 and 57) is provided, which,
upon depression, will release every depressed key
on the entire keyboard. Thig clear key 122, nor-
mally maintained in raised position by spring
123, carries a roller (24 which, upon depression
of the key, engages an upwardly extending finger
on a bail 125, sometimes referred to as a gate
to rock the gate. The gate 125 extends across
the full width of the keyboard and is Journaled
‘on studs 126 fixed in the frames. This gate
is provided with an arm (27 having an angular
portion presenting a curved face disposed direct-
ly in front of all the key latching slides i17.
Whenever said . clear key 122 is depressed, the
gate will be rocked in a clockwise direction about

. studs 126, moving all slides 117 to the rear and
releasing all latched keys. Under some condi-
tions, the keyboard is cleared automatically by
rocking this gate, as will be described herein-
after.

Disposed underneath the value keys “one” to
“nine” inclusive, is a differentially settable bar
120 (Figure 2) which is pivotally suspended from
the key section frame (0} by means of two par-
allel links 128 and 129. This bar 120 has nine
ldentical notches 130, each of which has at its
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- bottom a downwardly extending slot 131 adapted 18
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to receive the end of a key stem 103. The ver-
tical center lines of the key stems 103 are spaced
an equal distance apart. 'This distance, however,
is slightly greater than the spacing between suc-
cessive slots #31 so that each succeeding slot 13
will be spaced one increment further away from
its cooperating key stem. This spacing is pro-
portioned in such a way that depression of a
value. key will cam the bar 120 to the rear, a
nuniber-6f increments equal to the value repre-
sented by the depressed key.

The position of each key section and the rela-
tion of bar 120 to the segment member {32 may
be adjusted by a screw 133 (Figure 2) locked by
nut 135, and engaged by a lug 134 on the channel
frame [0f. The section can thus be removed
and replaced repeatedly without disturbing the
adjustment.

Movetrient of each bar {20 is utilized to set up
a mechanical representation of the selected value
whereby the calculating mechanism may be ac-
cordingly controlled as hereinafter sei forth. A
swinging segment member 132 is mounted upon a
common shaft {37 which supports like members
associated with other key banks. This member
is provided at opposite ends with arcuate racks
138 and 139, which serve to transmit the move-
ment of the differential bar 120 respectively to
a check dial assembly 140 positioned on shaft 141
in alignment with similar dials associated with
the other key sections so that the value set up
on the entire keyboard may be read on a straight
line of dials, and to a cam unit (46 which is
positioned by such movement so as to form a
mechanical representation of the number set
up whereby the calculating mechanism may be
accordingly controlled as hereinafter set forth.

As appears in Figure 4, each check dial assem-
bly is positioned between plate members 142
through which shaft 141 extends. A spacer i43
is also mounted upon the shaft to preserve the
alignment of the dial assemblies with the sight
openings and with the rack {38.

Each selection cam unit 146 (Figures 2, 6, and
7) is composed of a gear 15§, five differently
shaped cams {52 to 156 inclusive, four spacers
157, and a sleeve 158. To facilitate manufac-
ture of such broad faced cams by stamping, each
one of the cams 152 to 56 inclusive is formed
of two duplicate members, as appears in Figure 7.

In assembling this unit. the counterbored gear
I51 is first slipped on over the sleeve f 58 and
slipped down against the shoulder (62 thereof.
Shield 165, provided to prevent rack 139 from
demseshing from gear 151, is then put in place, .
the cams and spacers are alternately slipped on
over the sleeve, and the end of the sleeve is
riveted over. The cams and Zears are keyed to
the sleeve so as to form a unitary structure, one
of these units being rotatably mounted in each
order of the machine upon the common shaft
159,

Each one of the cams has two high points 160
and two low points 161 on itg periphery. The
cams are staggered about the sleeve, as appears
in Figure 6, and spacers {51 disposed between
the various cams, provide suitable clearances for
a sensing operation by cooperating feeler arms
which, as will be presently described in detail,
sense the’ juxtaposed faces of each cam after it
has been positioned by the keys 100.

These cam units {46 are driven through their
respective gears {5t forming a portion of each
unit (Figure 2), the gear being in mesh with rack
139 on segment 132. The segment {32 and the
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selection bar 120 are connected by means of a
hook and pin connection 163 so that the member
is rotated directly about the shaft 131 upon de-
pression of any key. Upon release of a depressed
key, the return spring 164 (Figure 2) acts to
return cam unit 146 associated therewith, and
the check dial, to zero position.

Power set selection mechanism

After the setting of the mechanism  hereto-
fore described has been completed, and upon
manipulation of one of the operating controls,
the power operated portion of the selection mech-
anism is brought into operation prior to opera-
tion of the calculating mechanism, and acts,
under control of the cam units 146, to move ele-
ments of the calculating mechanism to the prop-
er position to condition it for effecting entry of
the value set up on the keyboard into the ac-
cumulator. .

It is an important and distinguishing feature
of the present type of machine that throughout
the performance of a calculation, the registering
elements are continuously driven by the actuat-

ing mechanism, the entry of different amounts

being effected by selecting mechanism for vary-
ing selectively, the rate at which each register-
ing element may thus be driven.

These mechanisms comprise three shafts 166,
167, and 168 (Figures 2 and 5), hereinafter re-
ferred to as the half, quarter, and twelfth speed
shafts, respectively, and common to all orders of
the machine. The shafts are connected to the
prime mover through gearing and a cyclic clutch,
hereinafter described, so that shaft 166 rotates
through 180° for each cycle of operation of the
machine, and shait 167 rotates through 90° for
each cycle of operation of the machine, while
shaft 168 moves through 30° for each cycle of
operation. A series of sleeves 169 (Figures 2, 10,
11, 12, 13, and 15), one for each decimal order,
is freely mounted on a common pivot shaft 170
disposed between the shafts 166 and 1671, and each
sleeve has keyed thereto several spaced gears
for transmitting driving movement to the several
orders of the registering mechanism, as herein-
after described. :

Means are provided for selectively locking each
of the several sleeves 169, or connecting each so
that it will be driven by shaft 166, shaft 167, or
shaft 168 at any of nine different rates with re-
spect to the main clutch, said rates correspond-
ing to the values delineated upon keys 100.
Since this mechanism is duplicated in each deci-
mal order of the machine, only one of these or-
ders will be herein described in detail.

Keyed to sleeve 169 (Figure 10) is a gear IT4
(see also Figures 2, 5, and 15), and mounted to
freely oscillate upon a spacer mounted on said
sleeve alongside said gear 111, is a selection plate
172 having rotatably mounted thereon an idler
gear 173 and an idler gear 174 meshing with
gear 111, Keyed to the half speed shaft 166 in
radial alignment with gear {13, is a twelve tooth
gear 119, while in radial alignment with gear 113,
on its opposite side, is a twenty-tooth gear 11§
keyed to the quarter speed shaft 161, Thus, if
plate 112 be swung to the right as viewed in
Figure 10, gear 113 will be brought into mesh

. with gear 1716, whereupon the 90° rotation of
shaft 167 which takes place during each cycle of
operation of the machine, will drive the gear IT1
five teeth, while if plate 172 be swung to the left,
gear |78, upon the 180° rotation of shaft 166,
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will drive the gear 71 six teeth. By this means
either a five or a six selection can be effected.
Also keyed to the sleeve 189 is a second gear
111 (Figures 11 and 15), and mounted for oscil-
lation on a spacer carried by the sleeve alongside
this gear is a second selection plate (18 carrying
an idler {79 and an idler {80 which, in this case,
meshes with the gear 1T1. Keyed to shaft 166,
in radial alignment with idler {19, is a fourteen
tooth gear 181, and keyed to shaft 167, in radial
alignment with idler 119, is a sixteen tooth gear
182. Thus, when this second selection plate 118
is swung to the right, as viewed in Figure 11, its
idler 179 will mesh with the gear 182 and the
90° rotation®of shaft (67 in each cycle will serve
to drive the gear 1171 four teeth, while, when the

. said plate 178 is swung toward the left, idler 179
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will mesh with the gear 181 and the 180° rota-
tion of shaft 166 in each cycle will serve to drive
the gear 117 seven teeth. By this means either
a seven or a four selection can be effected.

Also keyed upon sleeve 169 is a third gear 183
(Figures 12 and 15), and mounted to oscillate
freely upon a spacer carried by the sleeve 169
alongside this gear, is a third selection plate 184
which is a substantial duplicate of the first two
above described, and carries idler gears (85 and
186, which latter idler meshes with gear 183.
Keyed to shaft 166, in radial alignment with idler
185, is a sixteen tooth gear 181, and keyed to
shaft 167 in radial alignment with idler 185, is a
twelve tooth gear 188. Thus, when plate (84 is
swung to the left, as viewed in Figure 12, its idler
185 will mesh ‘with gear 181 and the 180° rota-
tion of shaft 166 in each cycle will serve to drive’
the gear 183 through eight teeth, while, when
plate 184 is swung toward the right, idler 185 will
mesh with gear |88 and the 90° rotation of shaft
167 in each cycle of operation will serve to drive
the gear §83 through three teeth. By this means,
either an “eight” or a “three” selection may be
effected.

Also keyed to sleeve 169 is a broad faced gear
{89 (Figures 13 and 15), and freely mounted for
oscillation upon a spacer carried by the sleeve
169 on the left side of this gear, is a fourth se-
lection plate 190, a substantial duplicate of those
previously described and carrying idlers 191 and
192 which latter idler meshes with gear {89.
Keyed to shaft 166 in radial alignment with this
idler 191 is an eighteen tooth gear 193, and keyed
to shaft {68 to rotate gear 194 which is free on
shaft 167 and in radial alignment with this idler
191, is a twenty-four tooth gear 195, Thus, if
this idler 191 be swung to the left, as viewed in
Figure 2, it will mesh with gear 193 and a 180°
rotation of the shaft {66 in each ¢ycle will serve

. to advance the gear 189 nine teeth, while if the
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plate 190 be swung toward the right, the idler
181 will mesh with the gear 194 and the 30° rota-
tion of shaft 168 in each cycle, will through the
twenty-four tooth gear 195, serve to advance the
gear 189 two teeth. By this means either a
“nine” or & “two” selection may be effected.
Mounted for oscillation upon shaft (70, im-
mediately to the right of sleeve 169, is a fifth
selection plate 196, having rotatably mounted
thereon intermeshing idler gears (97 and 198
(Figure 14), Gear 198 is constantly in mesh with
gear {89, while gear (91 may mesh with the
twenty-four tooth idler gear 199 free on shaft
167 when the plate is swung to the right, as
viewed in Pigure 14. This gear is driven by
twelve tooth gear 200 keyed on shaft 168 so that
gear 183 will be rotated a-single tooth upon a
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30° rotation of gear 200 when the plate 196 1s

swung rearwardly.

A zero selection is effected by holding gear 189
against rotation. For this purpose, a pawl 201
(Figures 2, 5, and 14) is mounted upon and loose-
ly keyed to the shaft 202, so that, when the
plate 196 is swung to the left, the edge of plate
198 will engage tail 203 of the pawl 201 and retain
sald pawl in engagement with the gear 183 when
the shaft 202 is rocked counter-clockwise, as will
be described. -

This shaft 202 extends across the machine and
one pawl 201 is provided in each order. This
shaft 202 is rocked counter-clockwise to a limited
extent by the carriage dipping mechanism to be
presently described, and, when the machine
comes to rest and the carriage is raised, the shaft
202 is rocked in a clockwise direction so that the
wide keyway in the shaft engages the narrower
keys 204 formed on the pawls to hold the pawls
in against the gear 188 while the machine is at
rest. Where some value other than a zero is
selected, the initial rocking of shaft 202 frees
these pawls and immediately upon rotation of
sleeve 169, each gear 189 rocks its pawl out of
the way. However, if a zero is selected in an
order, the associated plate 186 engages the tail
203 of the corresponding pawl, as previously ex-
plained, and retains the pawl in engagement with
the gear 189 even though the shaft 202 has been
rocked. By this arrangement, when the selec-
tion plate 196 is swung toward the left, as viewed
in Figures 2 and 14, the gear 189 is-locked and a
zero selection is made.

Each of the plates 112, 118, and 184 includes
8 lug 205 which engages the adjacent plate to
prevent one plate from hanging up on an adja-
cent plate as they swing by each other. One of
the five plates of each order is positioned during
8 selecting operation . to select a value or zero,
the remaining four plates of the order being held
in idle position. The value positions are posi-
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lowers 224 pivoted to thie fiame at 438 and cofi-
nected by links 226 with shaft 213.
In operation, as cam follower 224 is rocked by

‘these cams, shaft 213 will be advanced toward

shaft 218 and each set of sensing noses 2{1 and
219 will be moved toward the cam unit 146 with
which it is in radial alignment. If a nose 211
meets a low point 161 of one of the cams, the op-
posite nose 219 will meet the opposite high point
180, thereby rocking the connected selection
plate into its forward position, as viewed in Fig-
ure 2. If, on the other hand, & nose 2{1 meets
a high point 160 of one of the cams, the oppo-
site nose 219 will meet the opposite low point 161
and the selection plate to which arm 219 is at-
tached will be moved into its rearward position,
as viewed in Figure 2. If, in the third case, a
nose 211 meets only an intermediate portion and
does not engage either a high or a low point of a
cam, the opposite nose 219 will do likewise, and
the connected plate will be positively positioned
in central or neutral position in which its idler
will be out of mesh with the gears on both shatts
166 and {67.

To accurately position the cam unit 14§ before

- this sensing operation, a pawl 238 (Figure 2) is
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tions in which the plate-carried gears mesh with .

gears on shafts 166 or 1671, while the intermedi-
ate position is that in which no such connection
is effected. Thus, by way of example, if a “six”
is to be selected, plate 172 will be swung to the
left in Figure 10, to engage gear 173 with gear
175, while all the other plates will be positioned
in the intermediate positions in which they are
shown in Figures 11 to 14 inclusive.

This simultaneous setting of the selection
plates .is effected by power driven mechanism
which senses the cam units 146 hereinbefore
mentioned. This mechanism comprises a group
of five feeler arms 210 (Figures 2 and 8 to 8D),
one for each of the five plates (12, 118, (84, 190,

and 196, and pivotally connected thereto at studs .

208. Each arm is provided with a sensing nose
211 adapted to be pressed against ‘the asso-

ciated cam with which it is in radial alignment.

These feeler arms 210 are pivotally supported on
& common shaft 213 supported by links 214 piv-
oted on shaft 215 fixed to the frame of the ma-
chine, and each feeler arm 210 is connected by
a link 216 with a second feeler arm 217 piv-
otally mounted on a fixed shaft 218 supported
In the. frame, and provided with a sensing nose
219 adapted to contact the same cam at a point
approximately 180° removed from the point at
which it is contacted by nose 211, This ‘sensing
system is actuated by a plurality of pairs of com-
plementary cams 220 and 22{ adapted to be
driven by means hereinafter described, and co-
operating with rollers 222 and 223 on cam fol-
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mounted on shaft 218 and its lower end is urged
by spring 23{ against pin 232 on link 214, When
link 214 is moved, the pawl is thus permitted to
engage gear 151, aligning the unit (48 of which
the gear forms a part, and holding it 'against
possible displacement during sensing.

The five cams 152 to 18§ inclusive, composing
each selection cam unit 148, have their respec-
tive high and low points so positioned around
their peripheries, and are so offset with respect
to each other that, if one of the feelers 211 in
any order meets either & high or a low point on
one of the flve cams, the other four feelers 211
in the same order will not meet either & high or
& low point on their associated cams. Thus, in
each sensing operation, only one of the five selec-
tion plates will be rocked either forwardly or
rearwardly, the other four of said plates in that
order being maintained in their intermediate,
central, or neutral position. Thus, the gears
carried by each sleeve {69 can be operatively
meshed only by a single train with one of the
gears carried on either shaft 166 or shaft 161, or
else locked by pawl 201. By this means, any
selection from “zero” to “nine” inclusive, is ef-
fected in each decimal order under the control
of keys 100.

In Pigures 8 to 8D are shown the flve cams
152 to 186 inclusive in position to set up a zero.
These cams Tespectively provide for setting
values as follows: Cam 152, values 6 and 5; cam
153, values 7 and 4; cam {54, values 8 and 3; cam
185, values 9 and 2; and cam 156, values 0 and 1.
In the setup shown, a zero value will be set up
under the control of cam i88, nose 211 moving
in to low point 161 and nose 219 engaging high
point 168 to move the associated selection plate
196 to the forward position and hold pawl 201 in
engagement with gear 189. All other noses en-
gage intermediate cam faces and position the

" other four plates in neutral position.

70

16

It will be noted that if all cams in Figures 8 to
8D were rotated 18° clockwise, which is what
would take place upon depression of a No. 1 key,
Yose 211 would engage a high point 180 on cam
158, nose 219 engaging the opposite low point
181, thus rocking the assoclated selection plate
196 to the rear engaging the No. 1 selection gear
train; while on all other cams in the cam unit the
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fioses i f and 219 would engage the intermediate
height of cam face. Similarly if all cams in Fig-
ure 8 were rotated 36° clockwise from the posi-
" tion there shown, which is what would take place
on depression of a No. 2 key, nose 211 cooperating
with cam {55 would engage a high point thereon,
the opposite nose 219 a low point, and the noses
cooperating with all other cams engage the in-
termediate height of cam face, thus rocking plate
190 to the rear to engage the No. 2 selection gear
train and bringing all other plates to neutral.
Similarly it will be apparent from Figures 8 to 8D
how each successive step of angular displacement
to the cams. will bring the next succeeding selec-
tion train into operation. -
~ It is to be noted that high points 160 corre-
spond to the outer circle in Figure 9 and low
points 161 to the inner circle, while the interme-
diate circle corresponds to the cam body. When
the noses 211 and 219 are brought in to engage

a cam, the distance they are finally spaced apart.

is always substantially the same, it being the rel-
ative positions oi the noses with respect to the
center of the cam, or shaft 159, that controls
the position of the selection plates. Thus the
noses either engage the surfaces represented by
the outer and inner circles in Figure 9, corre-
sponding to distance A or the distance B, in
which case the associated plate is moved either
forward or backward to a value setting position,
or both noses engage the surface represented by
the intermediate circle, corresponding to distance
C, which is a neutral plate position. Distances
A, B, and C are =qual but are differently ar-
ranged with respect to thie center of shaft 159 so
that as the feeler arms engage these different sets
of surfaces they act to swing feeler arm 210
about shaft 213 into one of three definite angular
positions. Feeler arm 210, in turn, imparts posi-
tive selective movement to its corresponding se-
lection plate, bringing it into one of the three
positions it can occupy.

Means are provided for locking the selection
plates in the relationship above described, com-
prising bail 236 sometimes referred to as a lock
gate (Figures 2 and 44) extending across all or-
ders in the machine, The gate is pivoted to the
frame of the machine at 237 and engages one of
three notches 238 in each selection plate to hold
said plate against movement in either direction.
All the selection plates are engaged simultane-
ously; the gate being operated by means which
will be described in connection with the setting
clutch mechanism hereinafter.

Aceumulator mechanism

From ihe foregoing description of the selec-
tion mechanism, it is apparent that a number
comprising a plurality of figures can be regis-
tered upon the several sieeves 169 by differen-
tially driving the gears atiached to these sleeves
various proportionate distances. However, in
order to perform any mathematical computation
such as addition, subtraction, multiplication, or
division, mechanism must be provided for ad-
vancing a superior registering element one extra
increment whenever the next lower element has
made a complete rotation. This process is known
as “carrying the tens,” in a machine operating
according to the decimal system.

In the present machine this function is accom- -

plished by accumulator mechanism mounted in
a carriage 250 (Figures 1 and 16), the main
frame of which comprises end plates 25! con-
nzcted k7 & formed plate 252 (Figures 17 and 19)
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having apertures to receive lugs 253 on end plates
251 and secured at its forward end by screws 254
which extend into the end plates (Figure 17).

Mounted at even intervals between the two
end plates 25f are a series of carriage brace
plates 255 (Figures. 16, 19, 21, 22, and 23) having
lugs 261 projecting through spaced slots in the
top plate 252,

The forward end of plate 252 is notched to in-
terlock with notches in the brace plates 255 and
to provide extensions 256 fitting between adja-
cent brace plates 255 (Figures 22 and 23). This
forward end of plate 252 enters the notches in
brace plates 255 in such a manner as to support
the forward ends of the brace plates. Screws
258 secure ears on some of the brace plates to the
top plate 252 (Figure 19). Locked spacing combs
263 (Figures 19 and 21) extend through spaced
slots in each brace plate and are locked in place
by rods 264, and a retaining comb 265 screwed to
the top plate 252 spaces the rear edges of the
plates and underlies lugs 2650 on said plates, in
such a manner as to support the rear ends of the
brace plates 255.

Supported by the several brace plates 255, is a
cross rod 262 which serves as a pivotal support
for a series of plates 266 (Figures 22 and 45), one
of which is mounted on said rod 262 adjacent
These
plates 266 are spaced and braced adjacent their
forward ends by two combs 267 interlocking with
slots in each plate 255 and held in place by rods
268, and are connected at their rear ends by a
common bail 269 known as the “dipping bail,”
by means of which the entire body of plates 266
can be simultaneously oscillated above shaft 262
during operations hereinafter described (see also
Figure 45), in which description the mechanism
supported by said plates 266 is referred to as the
“dipping carriage.”

The units of the accumulator are assembled
on a shaft 270 supported by plates 266, there
being one of such plates 266 between each adja-
cent unit. Each unit is adapted to be driven
by one of the actuator gear units (Figures 2 and
15) with which intermediate gears 271 (see also
Figure 19), rotatably mounted on shaft 272 and
entrained Wlth the gears 273 of the several accu-
mulator units, may be meshed by lowering the
dipping carriage, as hereinafter described. Suit-
able clearances are provided on the several plates
266 to permit the necessary connections between
the orders of the accumulator for eﬁectmg tens
transfer or carry operation.

Referring more particularly to Figures 24 and
25, it will be noted that each accumulator unit
comprises a spider 214 which is rigidly secured to
a sleeve 275 on shaft 210. This spider 214 carries
an internal ring gear 2716 on its right hand side, -
which is spot welded or riveted to the offset por-
tion 277 of each of the spider arms. A right an-
gular extension 218 of one of said arms projects
toward the right from said spider, slightly be-
yond the right side face of a thin shell 219 fixed
to the spider 274 and the internal gear 216 there-

;. on, and serves as a zero stop in resetting op-
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erations described hereafter. The periphery of -
said shell 279 is sufficiently wide to accommodate
the digits ranging from ‘“zero” to “nine,” ar-
ranged as shown. Integral with the sleeve. 215
surrounding said shaft 270 is a sun gear 280
abutting a brace plate 266, and interposed be-
tween said sun gear 280 and the spider 274, is
a snail cam 281,
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The snail cam 281 and spider 274 may be rela-
tively secured to rotate as a wunit. It is prefer-
able, however, that there be a certain amount
of play in the movement of these elements. For
this purpose the snail cam is secured on a sleeve
285 (Figures 24 and 27) which sleeve is mounted
for rotation about a cut-away portion of the sun
gear 280. A latera] extension 283 of the spider
274 projects through an enlarged aperture 288
to permit limited movement of the cam with re-
spect to the spider. A small wire spring 289 is
disposed around sleeve 285 and extends between
the projection 283 and a stud 290 on the cam,
urging the cam into the position shown in Figure
26. This construction has the advantage that,
under certain conditions to be pointed out here-
Inafter, spring 289 may be temporarily overcome
and the cam moved slightly without moving the
rest of the functional unit just described.

The elements just described are assembled in
a definite timed relation. The ring gear 216 is
welded to the spider 274 after being properly
located thereon by passing the lug 278 of the
spider through a notch formed in the ring gear
for its reception. The lug 283 ‘locates the snail
cam, and the relative position of the sun gear
2!: on its integral sleeve 215 and the ring gear
21
Assembly by skilled mechanics is thus made un-
hecessary and the three units may be secured in
their proper relation by riveting over the end of

the sleeve 215 where it extends through the .

spider. '
Located immediately to the right of the mech-

anism just described is a plate 292 fixed to the:
spur gear 213 which is driven by a gear (89

(Figure 15) through an intermediate gear 27i
(Figure 19 and Figure 2) when plates 266 are
dipped. These elements are rotatably mounted
on a sleeve 293 which in turn is rotatably mount-
ed on a sleeve 294, Plate 292, which includes an
apertured ear 295 for use in timing, as will
presently appear, is fixed to a plate 296 by studs
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stub shaft 307 to which are fixed planet gears
308 and 309. The planet gear 308 meshes with
the internal gear 301 on spider 300 while the
planet gear 309 meshes with the sun gear 280
of the adjacent lower order. Sleeve 294 includes
an integral spacer 310 so that gear 308 is posi-
tioned in alignment with ring gear 301 and does
not abut the spider 390, and the end of the sleeve
is riveted over to secure member 304, thus pro-
viding another unit assembly. The central por-
tion of member 304 is equipped with a gear seg-
ment 311 meshing with teeth 312 (Figure 23)
formed on a lever 33 pivoted to a sHaft 212

. which is mounted parallel to the shaft 210 in the

2!

may be found by a suitable assembly jig. -
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291 provided at each end of said plate, and on "

each of said studs is mounted a planet gear 298
meshing with the ring gear 216 carried by spider
274 and with another sun gear 299 formed in-

45

tegrally with sleeve 293. Thus, the spur gear 213,

the plate 292, the planet gears 298, and the ring
gear 218, constitute a planetary assembly which
rotates about the sun gear 299 and comprises
the means by which the numeral bearing shell
219 can be rotated by the actuating mechanism
of the machine which drives the gear 271 as
hereinafter described. Secured to the right end
of the above mentioned sun gear sleeve 293 is a
spider 300 carrying an internal gear 301, the
spider and gear being provided with four lugs
302 which serve as assembly guides and as stops,
as hereinafter described. The spider also in-
cludes four apertured ears 303 for use in timing,
as will appear.

For the purpose of carrying tens, means are
provided for driving the spider 274 and its associ-
ated dial shell 219 by means of the spider 274
of the next lower order independently of any
movement of gear 273. This means includes
the aforementionéd internal gear 30{ and an-
other unit sub-assembly now to be described.
Sleeve 234 which, as previously described, sup-
ports the sleeve 293 on shaft 210, is provided with
a double arm member 304, one arm 305 of ‘which
1s apertured, while to the other, 306, is secured
a bushing 306! in which is rotatably mounted
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plates 266. Lever 313 includes an ear 3(4 ex-
tending to the right through plate 266 and en-
gaging a lever 315 which is mounted on shaft 212
(Figure 22) just to the right of plate 266. Lever
315 carries a roller 316 in the same plane as
snail cam 281. Xever 313 is urged clockwise (as

-viewed in Figure 23) by spring 317 so that the

roller 316 carried by lever 315 is urged thereby
into contact with the adjacent snail cam 281.
In the units order the sleeve 293 may be secured
directly to the plate 266 adjoining it at the right,
inasmuch as there is no lower order from which
tens must be carried.

This arrangement of the several accumulator
units permits simultaneous digitation, i. e., entry
of increments set up on the keyboard, and tens
transfer operations, and is therefore of the type
known in the art as “duplexing.” ,

In operation, the gear 213 is driven by the
actuating mechanism ' and revolves planetary
gears 298 about shaft 210 as a center. Where,
as in the units order, the sleeve 293 with its sun
gear 299 is fixed, this revolution of gears 298
will, since they are in mesh with sun gear 299,
cause them to also rotate about studs 297 and
thus dr.ve ring gear 216 ahead in the direction
in which gear 213 is being driven. Since ring
gear 276 is fixed to the indicia bearing shell 219,
this movement will bring a figure opposite the
sight opening 318 in the carriage cover indicative
cf the portion of a rotation given gear 273.

Whenever a given amount is thus entered in
any one unit of the accumulator, one-tenth of
that amount will be entered in the next higher
tnit by means of the carrying mechanism, pro-
viding member 304 be held in a fixed position,
which is accomplished during calculation in a
manner hereinafter described. The carrying
mechanism which transmits the movement to
the higher unit comprises sun gear 280 fixed to
spider 274 which drives planetary gears 309 and
308, these, in turn, driving internal gear 301
fixed to sleeve 293 of the next higher unit in a
direction opposite to that of spider 274, and, by
rotating said sleeve, driving sun gear 299 in-
tegral therewith. If gear 273. and studs 291
are stationary, the movement of sun gear 299
rotates ring gear 276 in the direction opposite to
that of gear 299 and therefore in the same di-
rection as that of the lower order dial trans-
mitting the carry. If gear 213 is moving to in-
troduce digitation, as previously described, ring
gear 276 will move by an amount equal to the
resultant of that produced by the rotation of
gear 299 and that produced by the rotation of
gear 213, the movement of the ring gear, of
course, be'ng the resultant of the movement of
the sun gear and the displacement of planetary
centers. Thus the movement of any higher order
dial becomes the resultant of the digitation entry
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into its own order and the carry movement from
the next lower order. The gear ratios are in
usual practice, of course, such that the carry
movement received by the higher order dial is
one-tenth_of that of the lower order dial.

In order that this tens-carrying movement may
be properly transmitted to all units of the ac-
cumulator, it is desirable  that digitation gears
213 move only in accordance with values being
introduced into the accumulator. To this end
means are provided to prevent movement of the
gears 213 except as values are being introduced.
This means comprises spring pressed pawls 319
iFigure 19), freely mounted on shaft 320, each of
‘which is adapted to engage the associated inter-
mediate gear 271 in each order. As described
above, these gears 27f mesh directly with the
gears 189 of each accumulator unit and each
pawl 319 therefore acts as a retaining means
for one of said gears, being released during actu-
ation, as will presently appear.

Thus, from the foregoing description, it is ap-
parent that rotation of a numeral wheel in any
order will cause the numeral wheels in the higher

orders or to the left thereof, to also rotate a-

certain amount successively either in additive
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or subtractive direction, depending upon the di~ -

rection of rotation of gears 273, while in all the
orders of a lower value or to the right of the last
order in which digitation takes place, no such
fractional values are entered.

By virtue of this continuous gearing between
the various orders, the dials.are advanced frac-
tions of positions so that the numerals are not
in general properly lined up at the sight open-
ings 318 at the completion of the cycle of calcu-
lation, and, in order to overcome this condition
and render a readable indication of the result,
mechanisms have been. provided which will turn
every numeral wheel to proper alignment with
said sight openings directly after an actuation.

The mechanism for attaining this lineup op-
eration of said dials comprises the snail cam 281
which is secured to the left side of each spider
274, and which cooperates with and serves to
position the indirectly spring tensioned lever 315
pivoted at 272 (Figure 22). In this figure the
snail cam 281 and lever 315 are shown in a po-
sition in which the roller 316 on said lever con-
tacts with the point of greatest radius of said
snail cam, which condition represents the zero
position of its associated dial wheel 2719. The
contour of said snail cams is proportioned in
such a manner that as the dial displays each
higher digit up to nine the radius of the cam to
the point of roller contact becomes successively
smaller until “the lowest radius on.said cams
represents the digit “9”-on sald numeral wheels.
The values increase on the dials as well as on
the cams in clockwise direction, so that for ad-
dition the dials and cams are rotated in counter-
clockwise direction and for subtraction in clock-
wise direction, when viewing the machine from
the right hand side.

Figures 22 and 23 show the snail cam 281, roller
lever 315, segment lever 313, and member 304
in the positions they occupy when the dial dis-
plays zero. It will be evident that if the dials
were displaying a larger -digit, roller 316 would
contact a shorter radius of cam 281, thereby re-
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313 to the left thereof is advanced successively
further clockwise, so that the upwardly extend-
ing arm 340 thereof comes successively closer to
shaft 339 which is supported in carriage braces
258, :

As the accumulator carriage is rocked down
about shaft 262 into its lowered position exten-
sion 340 engages shaft 339 thereby rocking the
segment lever 313 in a counter-clockwise direc-
tion as shaft 339 cams its way upward along the
rear face of extension 340, terminating in slot
3401 at the upper end of extension 340. In this
terminal position segment lever 313 is rocked just
slightly further counter-clockwise than the po-
sition which it normally occupies when the dial
to the right of 1t registers zero. It will there-
fore, in this position, permit roller 316 to stand
Just slightly clear of the maximum radius of
cam 281, Thus, if the dials display zero, levers
313 are scarcely displaced by this operation, but
if any dial displays a higher digit, its segment
is rocked counter-clockwise by an amount sub-
stantially proportional to.the digit displayed.

As mentioned above, at the completion of the
lowering of the accumulator carriage, shaft 339
rests in notches 3401 of segment levers 313, there-
by locking said levers against displacement and
holding them in a position which allows roller
: ‘l’ ('5 to lie just clear of the highest radius of cam

Under these conditions member 304 is held in
a fixed position and planetary pinions 308 and
309 revolve on a fixed center, so that each dial
is, In general, advanced to a partial position de-
pending on the digitation it has received and
the carry from all orders to the right. For in-
stance, if the resultant value entered is “2,3175,”

‘the first dial stands between a “2” and a “3”

registration, being 0.375 of the way from the “9”
to the “3” registration. The next dial stands
0.75 of the way from a “3” to a “4” registration,

. and the next 0.5 of the way from a “7” to an “8”
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sulting in roller lever 315 and segment lever 313

standing in pasition somewhat further clockwise

than the positions in which they are shown in
Figures 22 and 23. Thus as the size of the digit
displayed by any dial increases, the segment lever

75

registration, and the next dial squarely at a “5”
registration.

When the calculating is completed and the dip-
ping carriage raised, it is desired to back up each
dial by the fractional amount it stands ahead of
an even registration to secure a clear registra-
tion in the sight openings. To this end, each
lever 315 (Figures 22 and 23) is allowed to rock
clockwise under the tension of spring 317 until
roller 816 rests against snail cam 281 which, with
the cam shaped as already described, allows lever
315 to rock clockwise by an amount proportional
to the registration on the dial to which the cam
is attached. This rocking of each lever 315 rocks
each associated member 304 in a counter-clock-
wise direction, carrying stub shaft 307 forward
by an amount proportional to the registration on .
the dial to the right of it, thus rocking ring gear
301 by a corresponding amount and backing up
thereby the next dial to the left by an amount
proportional to the registration of the next lower
dial, which is the amount by which the dial stcod
ahead of an even position. The arrangement is
therefore such that each increment of Carry re-
ceived from a lower order will be backed out upon
completion of the calculation, unless. the incre-
cent amounts to an entire position, in which
case the high portion of the snail cam standing
under the roller prevents such backing out. The
result is/_that when the dipping carriage is raised,
each dial is controlled by the snail cam on the
next lower order dial so that the proper figure
will be squarely lined up to its sight opening.
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Only the dial immediately to the right affects the
backing up of a dial and the increment of carry
in any one dial is not backed out entirely until
that in the one immediately to the right is re-
moved.

The carriage is supported in the machine for
transverse shifting in either direction by shafts
259 and 260 which slide through suitable bush-
ings (not shown) - positioned in side frames on
opposite sides of the machine.

The carriage is released for free traverse by
rocking comb 330 (Figure 18) on shaft 331 out of
engagement with shift mechanism, presently de-
scribed, including rollers 332 mounted on the -disc
333 secured on shaft 334 (Figures 18 and 68).
The comb 330 is rocked about shaft 331, upon
which it is supported, by means of lever 335
which extends through the cover of the carriage
and carries a handle 336. Lever 335 is pulled by
spring 337 against a stop 338, so that upon de-
pression, the spring is tensioned and the comb
330 is rocked in a counter-clockwise direction
out of engagement with the rollers 332. The
connection between the lever 335 and the comb
is made by means of an ear 329 on the lever
extending into a slot in the comb. In this man-
ner, the carriage can be freed and moved to any

. desired lateral position. Step by step shift of
the carriage is effected by rotation of the shaft
334, each half turn of the shaft effecting one
step of carriage movement. In this operation
each roller 332 successively engages between the
teeth of the comb 330 to advance the carriage
an order at a time. Rotation of the shaft 334
in either direction for one or more steps and
the control of various operating means, is de-
scribed hereinafter in detail.

Accumulator clearing mechanism

It may be seen from the foregoing description
that if ring gears 301 be locked against move-
ment while segments 313 are rocked, then the
teeth 312 will act to rock arms 304 and rotate
planetary pinions 308 and 309 by feeding pinions
308 over the teeth of locked ring gears 30i.
the gears 2Tf be now freed from the braking
action of pawls 319, the rotation of planetary
pinions 309 thus produced, can, since gears 213
are free to rotate, drive gears 280 to rotate
spiders 274 and their attached numeral wheels
backwardly, toward the position in which their
zero digits align with the sight openings 318. If
a stopping means be placed in the path of lugs
218 carried on said numeral wheels to prevent

them from being driven beyond zero position, the :

braking pawls 319 may be restored to operative
position and lock withdrawn from ring gears
301, leaving the numeral wheels 279 aligned in
zero position. .

This mode of operation is used to reset the
accumulator to zero, by means of any suitable
operating device, such as, for instance, that de-
scribed in the aforesaid application.

General calculations drive

Power for the various operations of the ma-
chine is supplied, under the control of the various
control keys of the machine, through the main
clutch 428, the setting clutch 430, the restore
clutch 700, and the presently described shift unit.
To drive these units, a motor 640 (Figure 52) is
mounted within the frame of the machine, and
regulated by a suitable speed governing device.
A flexible coupling 642 connects the motor drive
shaft 643 to an overload release device, as, for
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example, adjustable slip clutch 644. A pinion
645, driven by the slip clutch, drives the main
clutch 428 through a transmission system in-
cluding gear 646 carrying gear 647 meshed with
gear 362, which is in turn engaged with idler 650,
which in turn engages and drives the gear 815 on
the main clutch. The main clutch 428, when en-
gaged, results in selective directional driving of
the half, quarter, and twelfth speed shafts (see
also Figure 2) under the control of the reverse
unit which engages either gear 459 or gear 4571
with the power drive as will be described herein-
after. Thus, as appears under the description of
the reverse unit, gears 459 and 457 are selectively
driven through the main reverse unit, to drive
the half, quarter, and twelfth speed shafts in
either of two directions.

The setting clutch gear 430 is driven by gear
€48 on the same shaft with gear 362 in the main
clutch train. Gear 362 also drives a gear 361
on shaft 649 upon which is positioned the restore
clutch 709. The shaft 649 therefore rotates
whenever the motor operates.

Clutch construction

" The construction of the main clutch and the
setting clutch, previously mentioned, is substan-
tially identical with the exception that while the
main clutch 428, shown in Figures 30 to 33 in-
clusive, has its driven side keyed to a sleeve rotat-
ably mounted on a stationary supporting shaft
429, the setting clutch 430 has its driven side

- keyed directly to its supporting shaft 431 (Figures

40

42 and 43).  With this difference in mind the
structure of the setting clutch can be understood
from the following description of the main clutch
structure. .

The driving side of the clutch comprises an
annular gear 415 mounted on an annular later-
ally extending flange 416 of disc 417, the disc be-
ing capable of being driven by the gear, as will

- presently appear, and the gear being connected
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to the prime mover through transmission mecha-
nism (see also Figure 52). The driven element
of the clutch comprises a wedge disc 418 keyed
to a sleeve 419. The flange 416 of disc 41T has
three apertures spaced equally about its periph-
ery and having rollers 420 therein, and wedge
disc 418 has three cooperating flat areas 421
immediately adjacent the three rollers. Each
roller floats between the adjacent flat 421 and
the inner periphery of the annular gear 415 and
rolls freely when the clutch is not transmitting
power. ‘

In operation, when the clutch is not engaged
and the motor is in operation, gear 415 is rotated
but wedge disc 418 and disc 41T are held against
rotation by a clutch dog 395 (Figure 32), which
is provided with a nose 422 adapted to enter
one of the notches 423 on disc 417 and one of
notches 424 in disc 418.

In machines of the character herein con-
sidered, speed in operation is important and it
is desirable that the clutch engage and transmit
power immediately upon operation of dog 395 to
release discs 41T and 4i8.

To accomplish this, the discs 417 and 418 are
urged in opposite directions about their rota-
tional axes so that the rollers 420 will jam in-
stantly upon release of the clutch dog and full
power will be transmitted to the clutch. A
spring 425 is seated at one end on a shouldered
pin 426 on the disc 41T1. The opposite end of the
spring 425 seats over a nose 421 formed in a re-
cess of a plate 439 which plate, as illustrated
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in Figure 31, is secured to the disc 418 by pins
440. TUpon release of the clutch dog 395, the
spring 425 causes relative rotation of the discs
4171 and 418 with consequent jamming of the
clutch rollers.

It is to be noted that the described clutch 428

11

held in raised position by spring 510, exerting

~ tension on the lower end of lever 504.

has-a normal cycle consisting of half a revolu- |

tion so that if clutch dog 395 is raised, even for
an instant, and then released, the clutch and
the elements it drives will make half a revolu-
tion before the nose 422 can again engage the
notches 423 and 424 to open the clutch, stop
and lock the mechanism. .

When the clutch engages in the manner previ-
ously described, the disc 41T rides a certain
angular distance in advance of the driven side
of the clutch. When the clutch is to be dis-
engaged, therefore, this disc 417 is stopped by
nose 422 of clutch dog 395 before the driven
side engages the nose. The momentum of the
moving parts and the action of the spring
pressed centralizers, serves to advance the driven
side from this position, the advance immediately
breaking the wedging effect of rollers 420 and
declutching the driven side. However, the driven
side is thus advanced a slight angular distance,
and allows the nose 422 to drop into notch 424
in the driven disc 418, the notch retaining the
driven side against rebound and definitely lock-
ing it in its full cycle position.

In Figure 42, a centralizer cam 432 is shown
on the setting clutch shaft. As appears in said
figure, this cam includes two pockets 433 into
one of which spring pressed roller 434, carried
upon arm 435 is adapted to be pressed. Arm
435 is hinged on pin 436 and is pulled by spring
431 extended betwen the arm and a portion of
the frame, to cause the roller 434 to position the
cam very definitely. :

Setting clutch

The present machine employs a setting clutch
and mechanism driven thereby to effect various
operations incident to the commencement of a
calculation under the power of the motor. In
this way the operator is not required to furnish
the power requisite to such operations by
manipulation of a control key. This improves
the accuracy of the operator and quickens oper-
ation since the operator is not required to exert
as much effort as with a machine requiring
heavy pressure to manipulate its keys.

Operation of the setting clutch 430 (Figure
39) is under the control of the machine opera-
tor, particularly through the instrumentality of
various operation control keys presently de-
scribed. The control of the clutch 430 is such
that, immediately upen depression of one of
sald keys, the clutch is engaged, clutch dog 394
being raised to release the clutch, start the
motor, and permit shaft 431 to be driven. Nor-
mally, however, the clutch dog 394, which is
supported on shaft 501 and keyed thereto, is
?;;d in engagement with the clutch by spring

To permit operation of the setting clutch by
any one of the control mechanisms hereinafter
described, an operating bar 503 (Figure 39) is
provided which is adapted to be directly or in-
directly operated by any of them. Bar 503 is
supported on the right side of plate 524 by
means of levers 504 and 505 pivoted to the plate
524 at 506 and 507, respectively, and to the bar
at 508 and 509, respectively, and is normally
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So that lowering of the bar 503 may rock the
clutch dog 394, a bellcrank 5(2 is pivoted to the
lever 505 at 513, and provided with a notched
arm 514 which overlies a lateral extension 515
on clutch dog 394 when the bellcrank is in the
position in which it is normally held by a spring
516 tensioned betwen the other arm of the bell-
crank and bar 503.

To limit operation of the sefting clutch to a
single cycle, since this is-all that is required to
operate the mechanisms actuated by clutch 430,
means are provided for returning the clutch dog
394 to cause disengagement of the clutch after
half a revolution of the clutch and shaft 431,
even though the control key initiating operation
of the clutch 430 is held in depressed position.
This includes devices for  releasing the. clutch
dog 394 from hooked arm 514 so that the spring
522 may move the clutch dog to effect disengage-
ment of the clutch 430. ‘

The mechanism for effecting this operation in-
cludes the reverse cams 9550 and 551 (see also
Figure 34) on the setting clutch shaft 431, and
the rock plate §52 which is rocked by these cams.
A crank 520 (Figure 40) is rockable on shaft 501
and is provided with a lateral projection 52( at
its forward end adapted to engage the arm 514
and rock the bellcrank 512 against the tension
of spring 516 about pin 513 to releass the lateral
projection 515 of the clutch dog 394. The oppo-
site end of the crank 521 is bifurcated to embrace
a pin 536 on the rock plate 552. .

Upon operation of clutch dog 3%4 by arm 514,
the clutch 430 is immediately engaged and shaft
431 is rotated. Cams 550 and 55f thereupon ro-

‘tate and rock the rock plate 552 which, through

the pin 536 thereon and crank 520, effects re-
lease of the clutch dog 394 which, under the ten-
sion of spring 522, is moved to stop the clutch

- 430 and the shaft 431 upon completion of half a

revolution. .

The setting clutch, under the control of the

operation control keys of the machine, operates
the power set selection and locking system, and
effects the dipping of the accumulator carriage.
The main clutch, for driving the actuator, is also .
operated by the setting clutch, the two clutches
being interlocked so that another setting clutch
operation can not be initiated during operation
of the main clutch. '
" Tor these purposes, the setting clutch.controls
the operation of a shaft 431, which, in Figure 43,
is shown extended between ths left side plate 523
‘and the center plate 524. Upon this shaft are
mounted in successicn from left to right, the first
dipping mechanism cams, the first set of selec-
tion lock gate cams, the several selection setting
cams, of which three sets are usually employed,
the shaft centralizer cam, another set of selec-
tion lock gate cams, the second dipping mecha-
nism cams, the center plate; and, on the other
side of the center plate, the main reverse cams,
the setting clutch proper, the restore clutch con-
ditioning cam, and the main clutch starting cam,
at the end of the shaft. )

Selection lock

The setting clutch 429 is'effective to cperate
the previously describad locking gate 235 (Figures

~ 2 and 44) which is pivoted to the frare of the -

-1
ot

machine at 237 and adapted to engage one of the
three notches 238 in each selection plate to hold
said plates against movement in either direction.
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The selection mechanism is thus unlocked to per-
mit the sensing system to operate, and relocked
after the sensing system has operated.

The timing of release and locking cf selection
plates is such that at the beginning of the opera-
tion of setting clutch 430, all selection plates are
released to permit setting by the sensing system
including feeler arms 210 and 211, as previously
described. The moment setting is accomplished,
due to rotation of shaft 431, and cams 526 and
$27 thereon, the locking gate is immediately po-
sitioned to lock the plates in the selected position
until the beginning of the next setting clutch op-
eration.

The lock gate 236 is moved into position to en-
gage one of the three notches 238 by links 528
(Figures 2 and 44) which extend at opposite ends
of gate 236 to the cam followers 529 pivoted on
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shaft 225 and carrying rollers 530 and 53f which -

are in engagement with complementary cams 526
and 5217, respectively, and effect the requisite
movement of lock gate 236 at the correct cyelic
times, since the lock gate operates both before
and after the previously described sensing sys-
tem has operated. The cams 526 and 52T con-
stitute a pair, one such pair heing mounted upon
shaft 431 adjacent the ends of the locking gate
236 (Figure 43). Since the setting clutch con-
trols rotation of the shaft 431 , the proper sequence
of operation is served, cams 526 and 52T being
suitably contoured to this end. The selection lock
is also effective to lock a selected multiplier value,
as will appear hereinafter.

Selection sensing

Operation of the sensing system, which, as pre-
viously described, comprises (Figure 2) feeler
arms 210 and 217, and selection plates positioned
by said arms in accordance with the sensing of
the cams in cam unit 146 by feeler arm sensing
noses respectively 241 and 219, is effected by com-
plementary cams 220 and 221 on the setting clutch
line shaft 43§. .

The setting clutch 430, immediately upon re-
lease, is effective to rotate shaft 431 through half
a revolution and early in this cycle releases the
locking gate 236. Cams 220 and 221 (Figures 2
and 43) thereupon operate cam follower 224
through rollers 222 and 223, to move link 226 and
actuate the feeler arms as hereinbefore described

to sense cam unit 146 and position the selection-

plates in one of the three possible positions in
accordance with the setting of said cams. After
locking gate 236 has been moved back into lock-
ing position by cams 526 and 527, the cams 220
and 221 move the rock lever 224 and its coopera-
tive mechanism to remove the feelers from con-
tact with the sensing cam unit 146. The sensing
plates are thus retained against displacement un-
til the beginning of another setting clutch cycle.

Main reverse unit

For reversing the direction of drive of the ele-
ments driven by the main clutch, particularly
the direction of rotation of the half, quarter, and

. twelfth speed shafts, as well as the drive to the

presently described counter actuator, a selec-
tively settable drive reversing unit is provided.
This reverse unit 450 (Figures 34 to 38, inclusive)
is mounted on the fixed main clutch support
shaft 429 and is driven (Figures 30, 33, 34, and 36)
from the main clutch by a sleeve 419 rotatable
on shaft 429, which sleeve is keyed to the driven
side of the clutch and has projections 451 en-
gaging slots 452 in the end of sleeve 453 of the

reverse unit.
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The unit 450 includes a clutch plate 454 integral
with sleeve 453 (Figures 36 and 37) which rotates
on the fixed shaft 429, Notched drive discs 455

)and 456 are rotatably mounted on sleeve 453 on

opposite sides of plate 454 and disc 455 has
rigidly secured thereto gears 457 and 458, while
disc 456 has a gear 459 fixed thereto.

Driving connection between clutch rlate 454,
rotated by the main cluteh, and either gears 451
and 458 cr else gear 459 is secured selectively by
effecting a driving connection between the plate
and either of the discs 455 and 453. Clutch plate
454 includes three arms 469, 461, and 462. Hinged
on opposite sides of arm 460 are a two-armed
dog 463 and a member 464. The dog has radially
shaped extensions 465 and 466 at each end there-
of (Figures 34 and 35), which are cooperatively
positioned with respect to notches 467 and 468
respectively in the discs 455 and 456 (Figure 37).
When extension 466 is in engagement with notch
467 in disc 455, a driving connection is estab-
lished between plate 454 and disc 455, while if
extension 465 is engaged with the notch 468
in disc 456, a driving connection is established
between plate 454 and disc 456.

Selective engagement of notches 46T and 468
by the dog 463 is secured by a reverse unit con-
trol member 469 (Figures 3¢ and 38) adapted
to engage either lever 470 or dog 463 (Figure 34).
Lever 410 is hinged on arm 481 of the plate 454
and is secured to dog 483 by link 471 connected
to opposite arms of the dog 463 and lever 470.
The other arm of the dog 463 engages pawl 412
(Figure 34) which is hinged on arm 462 of plate
454. Pawl 472 is urged in a clockwise direction
by spring 418 positioned between plate 454 and
one end of the pawl. The tail 474 of the pawl
overlies the end of dog 463 when the unit is in
the position shown in Figure 34 with foot 465
in notch 468. When the unit is in the opposite
position and foot 466 is in notch 487, tail 474
of the pawl 4712 abuts face 415 on the dog to lock
the dog 463, the tension of spring 413 being suffi-
cient to urge the dog into one of the two disc
engaging positions.

Since the reverse clutch unit 458 rotates with
the main clutch, a half turn constitutes a cycle
and the unit always stops with either the ratchet
dog 463 or lever 470 over the control unit 469,
The arms of both the dog and the lever are
formed to cooperate with offset plates 480 and
481 (Figure 38) of the control plate 469, said
arms carrying projections or integral lugs 453
(Figures 35 and 35B) to engage the offset plates.

The unit described provides a connection be-
tween ‘the main clutch and the half, quarter,
and twelfth speed shafts (Figure 52) in the fol-
lowing way. If gears 457 and 458 are driven by
plate 454, movement will be transmitted to drive
the half speed shaft directly through gear 484
engaging gear 458, in a one to one ratio there-
with. The quarter speed shaft is driven off gear
485 on the half speed shaft at a two to one re-
duction by idler 486 and gear 487 on the quarter
speed shaft. The twelfth speed shaft is driven
at a three to one reduction by gear 488 on the
quarter speed shaft, driving gear 489 on the
twelfth speed shaft.

When gear 459 is driven by plate 454, the
twelfth, quarter, and half speed shafts are driven
in the opposite direction. Instead of gears 457
and 458 being driven directly from the main
clutch, a gear train, including idler 498 engaging
gear 459, is used. 'This train includes gear 459,
idler 490, gear 491, and gear 492 secured to a
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common sleeve 493 and driving gear 457, thus
rotating gear 458 in the opposite direction.

Control and operation of main reverse unit

- Subtraction operations are accomplished by
reversing the direction of rotation of the half,
quarter, and twelfth speed shafts. Means are
- therefore provided (Figure 34) which may con-
dition the main drive for reverse operation auto-
matically by operation of the setting clutch 439.
These include the previously described reverse
unit.

A pendular lever 545 is capable of being acted
upon by various control means and operating
means hereafter described to cause actuation of
the reverse unit and change its setting. The
pendular lever 545 is hinged on shaft 546, and a
reverse unit controlling bar 547 is pivotally con-
nected thereto and supported adjacent its op-
posite end by a link 548 having a bifurcated end
slidable about setting clutch dog shaft 501. The
reverse unit control bar 547 has an upturned
end 549 underlying the reverse unit control mem-
ber 469 hinged on shaft 386, so that whenever
shaft 431 is rotated by the setting clutch, and
cams 550 and 551 rock plate 552, shelf 553 on

said plate will engage and raise the reverse con-’

trol bar 5471 to bring the upper face of its up-
turned end 549 into contact with one or the
other of lugs 554 and 555 (Figure 34) on the re-
verse unit control member 469.

The reverse unit control member 469 includes
a portion 556 having a. radial slot 55T therein
through which shaft 558 extends to limit the
swinging movement of the control unit when it
is being set by movement of link 541. Spring
560, as shown in Figure 34, is normally effective
to positicn lever 5471 in its rearward positicn so
that it will be raised by cams 550 and 551, upon
rotation of the setting clutch 430 and shaft 431,
to engage lug 555. The reverse clutch is there-
upon conditioned by member 489 to drive the
calculating mechanism in the adding direction, -

If the pendular lever 545 is moved to draw
reverse bar 541 forward, by any of the controls
hereinafter described such as the subtractior
bar, or any of the minus setting mechanisms,
the upturned end 549 of lever 541 is placed be-
neath cross-tie 554 so that, when the cams 550
and 551 are.rotated, the reverse unit control
member 468 conditions reverse unit to drive the
calculating mechanism in the subtractive direc-
tion.

Carriage centralizer

Dipping of the accumulator carriage, including
rocking of the plates 266 about shaft 262 to bring
gears 2711 into mesh with gears I89 (Figure 46)
has been previously mentioned. To ensure that
the carriage, when thus dipped, will mesh with
the gears 189 and is properly aligned, means are
provided for centralizing the carriage into its
proper lateral position upon dipping. This lat-
eral location of the carriage is preferably effected
in advance of the carriage dip as is particularly
necessary in division operations. The mech-
anism for this purpose is illustrated in Figures
44 and 45. A U-shaped member 541 is sup-
ported for pivotal movement about shaft (70,
swinging between adjacent plates of the selec-
tion unit and being provided with a guide lip 542
overlying one of said plates. At the outer end
of the U-shaped member 541 a V-shaped ex-
tension 643 is secured so that upon upward move-
‘ment it will slip between adjacent carriage brace
plates 266 and insure proper lateral adjustment
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 of the carriage before it has begun its downward

10

movement. This carriage centralizer is con-
nected by means of a pin and slot connection
544 with an upwardly extending arm of the cam
follower 529 which controls operation of the se-
lection locking mechanism. Thus, upon down-
ward movement of the selection locking gate to
release the selection mechanism, the U-shaped
member 541 is moved in a counter-clockwise di-

‘rection moving the element 543 upwardly between

“the plates 266, As the selection lock gate is
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-thereafter moved into selection locking position

and the dipping of the carriage begins, member
541 starts downward movement therewith, pre-
venting lateral movement of the plates 266 as
they are lowered into position.

g Carriage dipping

After selection has been made of the values
to be entered into the machine, and operation of
the sensing system has occurred, which includes

the previously described release by the setting -
-clutch 430 of the selection plates by lock gate 236,

the sensing in each order of the machine of cam
units 146 by noses 211 and 219 on feeler arms 210
and 211, and the movement of the selection plates

in each order to position the several idler gears’

followed by the locking of the selection plates;
entry of the values into the accumulator is ef-
fected. .

As previously described, the accumulator is
supported by (Figures 18 and 46) a series of

plates 266 connected by a common bail 269 and

pivotally mounted for dipping movement on shaft
262. After selection, plates 266 are rocked about
shaft 262 to bring gear 271 in each order into

contact with intermediate gear 189 (Figure 15)

keyed to sleeve 169 together with gears 171, 111,
and 183. This group of gears 111, 111, 183, and
189, being keyed to a common sleeve 169 in each
order, are rotated as a body at a certain speed
‘and for a certain distance according to the value
selected, as has been described in connection with
Figures 2, 5, and 10 to 15, inclusive. Dipping of
the carriage also results in the release of gears
211 from the braking action of pawls 319, each

-pawl being carried down into engagement with

shaft 565 (Figures 5 and 46), whereby the pawls
are rocked clockwise to release gears 211.

Meshing of intermediate gear 271 with gear .

189 in each order, results, upon rotation of gears
189, in the selected value being placed in the ac-
cumulator. To secure dipping of the carriage at
the correct cyclic time, means operated by the

setting clutch are provided for dipping the car-

riage and thus permitting transfer of the value
selected.
The means for dipping the carriage, from that

" position in which it appears in Figures 2, 19, 21,

22, 23, and 46, to bring gears 211 into mesh with
gears 189 and then elevate the carriage at com-

pletion of the calculation, comprise two vertical -
'sliding links 566 (Figure 46) slidable over pins

5671 on opposite sides of the machine. Each link
is provided with rollers 568 engaging bail 269, the
links being urged upwardly by a spring 568.
Links 568 are pivoted to cam followers 570 and
511 by eccentric studs 572 so as to provide for
adjustment of the engagement of gears 27f and

189. Cam followers 570 and 571 carry rollers .

513 in engagement with cams 574 on setting
clutch line shaft 431 so that the links 566 are
positively. pulled down by the operation of the
setting clutch.

Means are provided for latching the carriage
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in its lower position during engagement of gears
271 and 189. This means includes latch levers

515 (Figure 46) in the form of bellcranks pivoted .

at 576 and each having a nose 577 formed at the
‘upper end thereof to engage the lower edge of
lateral extensions 518 on cam levers 570 and 57i.
The latch levers 515 are urged to engage the ex-
tensions 578 by springs §79. When the carriage
is dipped the extensions 578 ride over the nose
517 and are latched therebeneath thus retaining
the carriage in its lowered position until the latch
levers 5§15 are operated to release thé carriage in
a manner presently to be described.

Rocking of shaft 202 to release pawls 201 from
gears 189 is accomplished in time with the dip-
ping of the carriage so that release of the gears
189 is properly coordinated with the meshing of
gears 211 with gears 189. Keyed to the shaft 202
on each side of the machine are depending levers
886 (Figure 47) slotted to receive pins 587, car-
ried at the upper ends of rock levers 588. The
levers 588 rock upon shaft 225 and are provided
at their lower ends with rollers 589 for engage-
ment by the cam 574.

When the setting clutch rotates the cam 574
to rock the cam levers 570 and 571, the pawls
201 are thus released except in those orders in
which a zero has been set up, as has been pre-
viously explained. A detent mechanism such as
the conventional one illustrated in Fig. 47 which
comprises a lever 532 pivoted on a shaft 533 and
urged clockwise by a spring 534, such movement
thereof being limited by a stop (not shown),
which lever cooperates with a nose 535 formed
on the rocking lever 588 to retain it in either of
the positions in which it is capable of being set,
s0 that pawls 201 will not reengage gears 189
until the restore clutch operates, as hereinafter
described.

Means are provided for releasing the dipping
carriage latch lever 575 after the end of main
clutch operation. These include (Figure 48) le-
vers 880 and 584 secured to shaft 581, and co-
operating with a lever 591, pivotally supported
on shaft §90 and provided with an extension 592
lying against lever 584. A second extension of
lever 591 is adapted to be engaged by a roller
593 fixed between a supporting disc 700A fixed
to sleeve 594 rotatably mounted on shaft 649.
This sleeve is driven by a separate clutch oper-
ated only as an incident to the termination of
operations, and known as the “restore clutch.”

When the main clutch dog 395 is moved to stop
and release main clutch 428 (Figure 42), as will
be described hereinafter, the restore clutch starts
operation and roller 593 is rotated. This rocks
lever 891 clockwise to move lever 584 and so
rocks levers 580 and 539 (Figure 46) to release
the latched-down carriage through the rocking
of the levers 515 by lateral extensions 583 of le-
vers 539.

As a further incident to the movement of the
shaft 8§81, roller 536 (see Figures 46 and 47) en-
gages a cam surface 537 on the lower edge of
the rocking levers 588 thereby rocking these le-
vers to cause reengagement of the pawls 201 with
the gears 189.

The sleeve 594 of the restore clutch 700 carries

another cam 596 (Figure 46) which is employed
to prevent the carriage from rising too rapidly.
Lever 591, fixed to shaft 600, bears against this
cam and lever 599 also fixed to shaft 600 is
joined by a pin and slot connection 602 to one
of the links 566 so that the rate of rise of the
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carriage under the pull of springs 568 is no
greater than that permitted by movement of
cam 536,

Main ciutch operation

The main clutch is engaged and its operation
mxtxated by the setting clutch. Thus, when any
one of the operation control keys is depressed,
and the setting clutch is started in operation, as
has been previously described, the main clutch is
automatically engaged, and may be held engaged
for one or more cycles of operation, depending
on the operation called for by the key depressed.

The main clutch structure has been described,
it being of the roller clutch type as disclosed in
connection with Figures 30 to 33 inclusive, The
main clutch 428 is fixed to a rotatable sleeve 419
mounted on the fixed shaft 429 which is posi-
tioned between frame plates 524 and 610 of the
machine (Figure 52). The ciutch is controlled
by clutch dog 395 (Figure 41) rockably mounted
on shaft 611 and urged into engagement with the
main clutch by spring 612, tensioned between a
frame stud and the left end of the. dog through
toggle linkage 610.

The rocking lever 146 is fulcrumed on shaft 501
and carries a roller 145 in engagement with the
cam 147 carried by the setting cluich shaft 431,
as has been described. This rocking lever carries
a member 603 pivoted thereon at 604 and urged
to rock clockwise with respect to the rocking
lever by spring 613, movement between the lever
and member being limited by an ear 614 on the
member 603 engaging the lower edge of the lever
146. The member 603 is provided with a nose
615 which may engage a notch 616 on clutch dog
393 with a hooking action to prevent disengage-
ment of these two parts. The movement of mem-
ber, 603 counterclockwise about shaft 501 serves
to rock dog 395 toward the end of the half rota-
tion of setting clutch shaft 431, the dog being
rocked clockwise, and engagement of the main
clutch 428 follows. Further rotation of cam
747 permits return of the rocking lever 746 to
the position shown in Figure 41 and permits
clutch dog 395 to contact with and stop the clutch
when it is freed from the holding means, herein-
after described, which can selectively latch the
dog 395 for 'a plurality of cycles. The hinging
of member 603 to the'rocking lever 146 permits
the setting clutch to operate without opening the
main clutch in certain phases of the division op-
eration as hereinafter described.

- Main clutch control

To provide for controlled continuous rotation
of the main clutch for multiple operation, a latch
632 pinned to shaft 626 and urgd clockwise by
spring 633, has a notch at its upper end to en-
gage under a lateral projection 620 on the tail

of the main clutch dog 395. A roller 634 is car-

ried by the latch 632 in a position to form the
engaging face of the notch, thus facilitating en-
gagement and disengagement of the clutch dog
therewith. The clutch dog will be so latched out
of engagement with the clutch only on multi-
cyclic operation, but for operation performed in
one cycle of the main clutch, such as addition,
subtraction, and multiplication with the number
“1” as a multiplier, means hereinafter to be de-
scribed will prevent the latch 632 from entering
under the tail of the main clutch dog.

Addition bar mechanism and operation
The addition bar 800 is ordinarily used for se-
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curing a single additive operation but may be
used for multiple addition as hereinafter dis-
closed. The bar is capable of initiating opera-
tion  of the motor, the setting clutch 430, the
main clutch 428, and the several functions and
operations controlled by these clutches, including
the operation of the restore clutch at the conclu-
. sion of main clutch operation, and this irrespec-
tive of whether or not the operator maintains
the bar 800 depressed or permits it to be re-
- turned after or during the single cycle of oper-
ation.

This bar (Figures 1 and 53) is provided on the

right hand side of the machine and is mounted

upon the control plate. The bar proper is car-
ried by a frame 801 which is supported by paral-
lel link mechanism formed by bellcranks 802, both
pivoted upon the frame plate. One end of each
of these bellcranks is joined to the frame 801
while the other end is connected by link 803.
Spring 804 is tensioned between one of the bell-
cranks and the frame of the machine, to hold
the bar in raised position. The frame 80{ in-
cludes a projection 805 overlying a pin 806 which
is carried by another parallel link mechanism
(Figure 54) comprising arms 807 and 808, re-
spectively carried by studs 809 and 819, and a
connecting link 811.

Depression of the plus bar 838 moves the pin
806 downwardly and thus, through the member
811, imparts rocking movement to the lever 808
about its pivot 810 until a shelf 726 on said lever
to the left of said pivot, is moved upwardly out
of engagement with the face of a hatchet-shaped
lever 128. The hatchet-shaped lever 128 (Pigures
54 and 55) is normally urged by a spring 130 to
swing shaft 162 to which it is pinned, clockwise.
A short lever 132 is likewise pinned to the shaft
7162 and therefore swings with the lever 728 to
move the pin 734 (also shown in Figure 62) to
open the- setting clutch and effect an additive
operation through mechanism hereinafter to be
described in connection with multiplication.

The machine is normally conditioned for pos-

itive operation but to insure against its being set

for negative operation when the plus bar is de-
pressed, the lower right hand corner 136 (Figure
53) of the frame 801 contacts a lug 138 to rock
control lever 140. (Figure 54), which positively
moves the lug 138 to its additive position.

"~ A link 742 (Figures 54 and 55) is pivoted to the
upper end of the hatchet-shaped lever 128 and
supported for sliding movement by a pin and
slot connection T43. Thus, upon operation of the
hatchet-shaped lever above described, a finger at
the right hand end of the lever 142 will be caused
to overlie a shelf 744 formed on the control lever
140 thus preventing rocking movement of the
control lever to its negative position during plus
bar operation. Upon operation of the minus bar,
the right hand end of the link 742 will underlie
the lug T44 similarly locking the mechanism to
prevent operation of the plus bar.

The hatchet-shaped lever 7128 is recocked
under influence of a cam T47 (Figure 41) on the
setting clutch shaft which cam engages a roller
145 carried by a lever 746 mounted on shaft 501
rocking this lever counter-clockwise to effect
rightward movement of a link 7148 pivoted to.a
lever 150 which is pinned to the shaft 152. A
lever 154 (Figure 54) also pinned to the shaft
152, is connected through a link 756 and a pin

~and slot connection 158 with theé lower end of a.

“levér 160.- The lever 160 is pinned to the same
shaft 762 to which the hatchet-shaped lever 128
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is pinned. The pin and slot connection Y58 per-
mits free clockwise movement of the hatchet-
shaped lever, but causes this lever to be rocked
counter-clockwise or recocked upon rotation of
the setting clutch cam just described. .

The hatchet member, upon being recockzd, ‘s
carried slightly beyond its original posit:on uniil
a shelf 764 (Figure 54) on a pawl 165 pivoted on
the shaft 810 and urged in a clockwise direction
by a spring 7168 engages with a shoulder 770 on
the bottom edge of the link 742. Since the link
142 is connected with the upper end of the hatch-
et-shaped lever 128, this lever is held in its ex-
treme counter-clockwise position until such time
as the shelf 126 is permitted to return to its
locking position relative to' the hatchet-shaped
lever. Thus, in the event that the plus bar is

. held down too long, the parallel links 807 and

20

808 will rise freely upon release of the plus bar
without any possibility of the shelf 126 being
intercepted by the hatchet-shaped member. As
the link 808 rises its upper edge engages an ear

. 112 on the tail of the pawl 166, thus releasing the
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shelf 764 from the shoulder 170 and permitting
the hatchet member to move to its original po-
sition where it is blocked by the shelf 126. Be-
fore the hatchet member is recocked the shelf
128 overrides its upper edge to form an . inter-
lock preventing rising of the parallel links 807
and 808 and pin 836 which might otherwise occur
prematurely.

After the selecting operathn as heretofore de-
scribed, has been completed, and as the main
clutch is being engaged by operation of the set-
ting clutch operated cam, the keyboard is auto-
matically cleared by the mechanism illustrated
in Figures 54 and 57.

The parallel link assembly, comprising mem-
bers 807, 808, and 811 (see Figure 57) which is
depressed by depression of the plus bar 800, as
hereinbefore described, comprises a pin support -
118 for one end of a link 179 which has a slot
adjacent its right hand end embracing said pin,
and a bifurcation formed at its left hand end
embracing a pin 781 on the' keyboard clearing
gate 125 which, as previously described, is also
capable of manual operation by the keyboard
clear key 122 to release all depressed keys, A
spring 183, tensioned between one end of link
119 and a frame stud, normally urges the link
119 and the parallel link assembly to a raised
position.

When the link 719 is lowered by depression of
the plus bar 800, a lug 776 on said link is carried
into the path of a lever 774 pinned to the shaft
152 to swing therewith in a counter-clockwise
direction under influence of the link 748 which
is operated, as described above, from the setting
clutch line, The leftward movement thus im-
parted to the link T19 rocks the key control gate
125 to release automatically all depressed keys.

The plus bar is locked against depression after
operation of the multiplication unit has begun.

To accomplish this a lever 180 (Figure 56) pivoted

at 182, is adapted to rock in a clockwise direc-
tion so that the head thereof overlies a - shelf
7184 on the extreme left hand end of the link
808. As this end of the link 808 must rise upon
depression of the plus bar, the plus bar is locked
out of operation until the lever 7180 is with-
drawn. In. order that the lever 780 may be
rocked in a clockwise direction, it is formed with
a U-shaped cross section and has a bifurcated
tail 787 embracing a pin 788 which pin is moved
downwardly upon operation of any multiplier
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" key as will more clearly appear under the de-
scription of the multiplication unit. The plus bar
may be depressed concurrently with any multi-
plier key however, in which event shelf 784 will
pass above the upper end of lever 180.

To prevent depression of the division key
when the plus bar is depressed, and likewise to
prevent operation of the plus bar during di-
vision operations, the following interlock is pro-
vided. The lower end of the link 811 (Figure
56) is provided with an inclined edge 186 for co-
operation with the upper edge of lever 913 (see
Figure 81) which is raised upon depression of the
division key, as will be hereinafter described.
Thus, if the plus bar is depressed, the inclined
edge 786 blocks operation of the division key and
likewise, upon depression of the division key,
the lever 913 blocks the lower end of the link
811 to prevent operation of the plus bar.

Subtraction bar mechanism and operation

. The subtraction bar 860 (Figures 1 and 53) is
utilized for effecting a single cycle of negative
operation or for repeated subtraction in connec-
. tion with the multiplier keys. As appears in
Figure 53, this bar is mounted upon a stem 861
supported by pins 862 in suitable slots therein
and held in its raised position by a spring 863.
The stem 864 is provided with a projection 864
which overlies the pin 806 and operates the
mechanism associated with that pin which has
been described at length under the operation of
the addition bar 800. As has been disclosed,
depression of the addition bar 800 positions the
. reverse unit disclosed in connection with Figures
34 to 38, inclusive, by rocking control lever 140
(Figure 54) in a counter-clockwise direction, if
necessary, so that the machine will be condi-
tioned for positive drive. Opposite movement
of the lever 740 to condition the machine for
‘negative operation, is effected by an ear 867
(Figures 53 and 54) on the subtraction bar which
engages with the lever 740 upon downward
movement of the subtraction bar to rock said
bar in a clockwise direction.

This clockwise movement of the lever 740
which conditions the machine for negative oper-
ation, raises the lug 744 on said lever to such a
position that the link 742 will underlie the same
upon release of the hatchet-shaped lever 128, as
has been described in connection with the addi-
tion bar mechanism.

The operation of the machine under control
of the subtraction bar 860 is substantially the
same as operation under control of the addition
bar 800, the principal difference being that, ow-
ing to the reversal of the drive, the value set up
in the keyboard will be subtracted rather than
added to the value represented in the accumula~-
tor.

Motor control

Upon opening of the main clutch by movemeént
of its clutch dog 395 (Figure 42), of the setting
clutch by movement of its dog 394, or of the
restore clutch by movement of its dog 405, the
shaft 386 is rocked by lever 396 which is pinned
thereto. Lever 396 includes a lateral extension
409 overlying the setting clutch dog 394, while
the opposite end of the lever underlies an ex-
tension 408 of the main clutch dog 395. If, un-
. der the control of mechanism to be presently
described, the main clutch dog is held open, the
shaft 386 will-be maintained rocked in a clock-
wise direction. Upon the setting clutch dog or
the restore clutch dog being moved to a clutch
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opening position, the shaft 386 is immediately
rocked, or is held in rocked position, depending
upon the sequence of operations which oceurs,

Bellcrank 335 (Figure 28), freely supported on
shaft 386, is provided with a pin 387 lying within
the bifurcated end of lever 388. This lever 388
is pivotally supported on shaft 389 and carries
an extension 390 of insulating material, which is
normally pressed by spring 392 against one of
a pair of resilient contact arms 391 to spread the
contacts and maintain the motor circuit open.
When arm 388 is moved counter-clockwise, the
motor circuit is closed until clockwise rocking of
the lever occurs, when the motor circuit is
opened, spring 3592 biasing the lever 388 to keep
the circuit open. .

Upon rotation cf shaft 386, as by movement
of either the main clutch dog 395 or the setting
clutch dog 394 which rocks lever 396 as herein-
before described (Figure 42), arm 397 on lever
393 fixed to shaft 386 is moved, to engage shelf
384 on lever 385 and move arm 388 to cause con-
tacts 391 to close.

The arm 388 can also be actuated to permit
the contacts to close, if they are not already
closed, by any one of the several carriage shift
controlling means through link 401 engaged with
bellcrank 402 by means of the pin 403. The bell-
crank is pivoted to a link 404 which is in turn
pivoted adjacent its upper end with lever 393
so that clockwise rocking of the bellecrank re-
sults in -clockwise rocking of lever 393 which,
through its arm 387 rocks bellcrank 385 to effect
closing of the circuit by means of arm 388. All
other controls are free to open and close the cir-
cuit without operating link 401.

A previcusly described operation of the ma-
chine includes an opening of the main clutch dog
by the presently’ described setting clutch. In
this operation, the setting clutch remains open
for only one cycle of operation, the main clutch
being opened during that cycle and remaining
open under the control of the operating means
initiating the operation. It therefore follows that

% the shaft 386 is initially rocked by the opening

of the setting clutch, but is retained in rocked
position by the later opening of the main clutch
and the consequent cleckwise movement of dog
385 around its supporting shaft.

Centralizing of half speed shajft
The half speed shaft 166 is centralized so that

" the gears thereon, upon coming to rest, are lo-

60

cated in one of two predetermined positions. As

. shown in Figure 51, the half speed shaft is pro-

vided with a cam 650 having two diametrically
opposed indentations thereon. This cam is pro-
vided at the end of the shaft adjacent to the
outside face of the left frame plate. Pinned to
this frame plate are a pair of arms 653 urged to-
gether by a spring 654 and having rollers 655 at
their upper end riding the periphery of the cam
650 for cooperation with the diametrically op-
posed indentations thereon.

To reduce noise and friction during multicycle
operation of the machine, means are provided for
locking the centralizing means out of operation.

' Shoulders 656 are provided on the inner edges
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of the arms 653 and a lateral project'on 657 may
be moved between these shoulders to maintain
the arms 683 in such a position that the rollers
655 thereon will be prevented from entering the
depressions of the cam 6850. This lateral pro-
jection 657 is formed at one end of a bellerdnk
658, the end of the bellecrank being made in two
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sections joined together by means of pins co-

operating with arcuate slots such as illustrated
at 652 to permit adjustment of the position of
the lateral projection 657. A spring 659 urges
the bellcrank in a clockwise direction, and its
movement in this direction is limited by an ear
formed at its lower end and engaging with arm
660 pinned to a shaft 661 at the left hand side
of the machine. This shaft extends from the
left hand frame plate of the machine through
the machine to a position adjacent the main
clutch operating dog at which point a lever 662
(Figure 49) is also pinned to the shaft 66i. A
nose 663 formed at the upper end of the lever
662 is engageable by a lateral projection 620
carried by the main clutch dog 395. When the
main clutch is opened by movement of the main
clutch dog 395 in a clockwise direction, the pro-
jection 620 releases the lever 662 which is rocked
counterclockwise under influence of the spring
659 pulling upon the bellcrank. This brings the
lateral projection 651 between the projections
656 on the arms 653. Thus, whenever the main
clutch is held open for more than a single revolu-
tion, the arms 653 are latched apart and the
centralizing means on the half speed shaft does
not operate. This materially reduces the noise,
since the centralizing of the shaft at high speed
multicyclic operations is unnecessary and, in
actual operation, prodiices some noise.

When the main clutch dog is released and is

free to contact and stop the main clutch, the
projection 620 on the clutch dog engages nose
663 and forces bellcrank 658 counter-clockwise
to remove projection 657 from between the-arms
653 before the main clutch dog contacts the
clutch.

The half speed shaft, the quarter speed shaft,
and the twelfth speed shaft-are, as previously
described, geared together. Sit will be apparent,
therefore, that the centralizing means above de-
seribed will be effective upon the quarter and
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The clutch particularly employed is similar to
that disclosed in the patent to Friden, Number
1,643,710, previously referred to. This _cluteh,
which is mounted upon and driven by shaft 649
(Figures 28 and 49), is directly controlled by an
extending nose 702 on a clutch release dog in the
form of a bellcrank 405 which is freely supported
on a shaft 600. For controlling the clutch release
dog, an M-shaped member 103 is provided which
has one foot rockably mounted on the shaft 600,
and a lug 104 thereon, supporting a spring 165

-compressed between itself and the left arm of

bellcrank 405.

An arm 722 keyed to the shaft 600, and thus
rocked by dipping movement of the carriage, is
resiliently connected to the M-shaped member

> 103 by a link unit 723 shown in detail in Figure

20

50. As appears in this figure, the link struc-
ture includes a first link member 106 secured by a
pin 109 to the arm 7122, and another link TI1 se-
cured by pin 112 to the M-shaped member 703,

- the other ends of each link being slotted as at
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twelfth speed, as well as upon the half speed

shaft.
- Restore clutch

The restore clutch 700 (Figure 49) is employed
to effect the release of the carriage latch mem-

" 43

ber 515 (Figure 46) and to control the rate of the

return of the carriage from its dipped position,
as well as certain functions hereinafter described
in connection with multiplication and division
operations. This clutch is jointly controlled by
the dipping carriage and by the main clutch dog,
in such a way that whenever the carriage is in its
lower position and the main clutch dog 395 is
seated home in the notch of the main clutch, the
~ restore clutch will open and complete one cycle
of operation.

The lowering of the carriage creates a sprmg
bias tendmg to move the clutch release dog away
from the restore clutch and permit engagement
of the restore clutch, but as this dog is normally
latched by member 101 (Figure 49), the spring
is prevented from becoming effective until com-
pletion of the main clutch eycle. The raising of
the -carriage is initiated and controlied by the
restore -clutch and this carriage movement is
utilized to reverse the spring bias on the restore
clutch release dog so as to tend to return it home
so that as the restore clutch cycle is finished, the
clutch release dog is spring pressed into the full
cycle notch of the clutch housing, bringing the
restore clutch to rest upon the completion of one
cycle of operation
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5 which is rockably supported on shaft 6.

113 to receive the pins 709 and 712, respectively.
Each link has a cut out portion into which two
tenons 714 and 715 extend, the respective tenons
being of different lengths so that a column sup-
port is provided for the spring 716, slipped over
the adjacent tenons in each link, so that when
the unit is pulled apart, the spring is compressed.
Likewise, when the overall length of the unit is
reduced, the spring is also icompressed so that
the spring tends to maintain the link at a given
and constant length while being continuously
supported by the overlapping tenons.

As the setting: clutch rotates, the main clutch
dog 395 is withdrawn from contact with the main
clutch and an extension 408 on said dog is with-
drawn from beneath a latch member 701 pivoted

‘on a frame plate, thus permitting said latch.

member to be rocked counter-clockwise by its
spring 717 tensioned between one end thereof and
the frame, An ear 718 on said latch member is
thereby brought into the notch 719 of the M-
shaped member 703 to prevent counterclockwise
movement of 703 until the main clutch has been
disengaged by reseating of its dog 395 in one of
the full cycle notches of the clutch 428.

The lowering of -the dipping carriage, how-
ever, tends to engage the restore clutch even be-
fore the main clutch engages, and a second re-
straining means is provided to prevent such op-
eration.

The left foot of M-member 703 is provided with .
a shelf 120 overlying one end of a bellcrank 721
The
other end of bellecrank 121 is provided with a
roller 707 lying against the periphery of a cam
108 on the setting clutch shaft 431. On rotation
of the setting clutch, therefore, the bellcrank 121
is rocked and shelf 120 is raised by the end of
the bellcrank to rock the M-shaped member 703
slightly clockwise about the shaft 600. This rais-
ing of the member 703 not only insures that the -
lug 1718 of the latch member 701 will engage in
the notch 719 properly when the main clutch is
engaged, but provides for the situation, occur-
ring in certain division operations, when opera-
tion of the setting clutch does not cause engage-

~ment of the main clutch. In this situation the

latch ‘member 701 is not permitted to rock and
the cam 108 serves to delay operation of the re-
store clutch until near the end of the setiing
clutch cyecle. The reason for this delay will ap-

. pear in the description of the division mecha-

nism hereinafter..
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As the setting clutch continues to rotate, the

dipping carriage is lowered and shaft 600 is
rocked counterclockwise by arms 599 (see also
Figure 46) keyed thereto and connected with
the carriage lowering links 566. Arm 7122 (Fig-
ures 29 and 49) keyed to the shaft 600, is thus
lowered, and since the M-shaped member 703 is
held by the latch member 101, the link unit 723
is lengthened and its spring 716 compressed.
The parts remain so positioned until the main
clutch dog 385 is permitted to reseat in the
notches of the clutch discs, whereupon the ex-
tension 408 thereof strikes the ear T10 of the
latch member. 701, rocking it clockwise and re-
moving its lug 148 from the notch 718 of mem-
ber 703. Spring T16 is then permitted to expand,
shortening the link unit 123 and rocking the

member T03 counter-clockwise to carry the left’

leg (Figure 49) of member 103 down against the
leftwardly extending arm of bellecrank 405 and
move the restore clutch dog 403 to cause engage-
ment of the clutch,

Operation of the restore clutch thus initiated,
causes the dipping carriage to rise, as previously
described, rocking arm 122 clockwise by virtue
of its connection therewith. Movement of the
arm 122 is, in this operation, transmitted direct-
ly through the link unit 723 to rock member
103 clockwise, and to compress spring 105 until
the nose 102 of the restore clutch dog 405 can
reenter the aperture of the housing to disen-
gage the clutch, whereupon the mechanisms are
brought to rest in the position shown in Fig-
ure 49.

Automatic multiplier unit

The machine of the present invention includes
a bank of automatic multiplier keys 2001 which
is shown in Figure 1 adjacent to the right hand
side of the machine, and under control of which
automatic positive and negative muitiplications
-can be effected. This unit includes a key sec-
" tion 2002 (Figures 59 and 62) which is quite sim-
ilar to that employed for setting a factor of &
calculation, and disclosed in connection with
Figure 2.

In the present machine, the key section 2002 is
placed adjacent to the right hand side of the
machine, as appears in Figure 1. However, the
mechanism set thereby is placed adjacent to the
multiplicand keyboard and between the said key-
board and the division, plus, and minus keys in
Figure 1. The key section 2002 (Figure 59) in-
cludes the usual differentially settable bar 120
which is set by the multiplier keys of the “2” to
“9” values to move the selection segment mem-
ber 132 mounted on shaft (31. The machine
being normally conditioned for single cycle op-
eration, no control of the multiplier selection by
the “1” key is necessary. The member 132 is
" substantially like the same member disclosed in
Figure 2, except that it does not have the upper
segment arm there shown for setting a check
dial.

The mechanism for swinging the member 132
is illustrated in Figures 59, 60, and 61. A lever
2003 is pivotally mounted on a shaft 2004 which
extends to the left from the key section 2002. A
pin 2005 connects the lower end of lever 2003
with differentially settable bar (20 and on its
upper end lever 2003 is pivoted by an eccentri-
cally adjustable pin 2006 to a lever arm 2001.
This lever arm 2001, as appears in Figure 61, is
integral with an arm 2063 welded to a bail mem-
ber 2064 pivotally mounted on shaft 2004, One
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end of the bail member is extended to form an-
other lever arm 2665 having a bifurcated end em-

"bracing pin 2008 mounted upon the multiplier

selection segment 32, Thus the lever 2003 and
the lever 2065 are in effect joined as a single lever
to rock together about the common axis of the
shaft 2004 so that movement of the bar 120 will
impart proportional movement to the selection
segment {32.

As has been disclosed in connection with the
manually set selection mechanism, the swinging

. Imember 132 is likewise effective to rotate a se-
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lection cam unit 146 similar to that described in
detail in connection with Pigures 2, 6, 7, 8 to 8D,
and 9. .

The multiplier unit also includes sensing mem-
bers 210 and 21T (Figure 59) which, in the same
way as has been disclosed in connection with the
earlier described power set selection mechanism,
are effective to sense the setting of the present
cam unit 146 and, when the selection gate 236
is released to position plates 172, (18, 184, and
190, cooperating with driven gears 2009 (Fig-
ures 52 and 59) driving idler 2040 which in turn
drives gear 2041. The gears 2009 are keyed to
sleeve 2012 supported by shaft 110, and the
sleeve 2012 is in turn driven by the twelfth speed
shaft 168 (Figure 64) through a gear train in-
cluding gear 2025 on the twelfth speed shaft
168, idler gear 2026, and idler gear 2021, driving
gear 2028 on the sleeve 2012. Since the twelfth
speed shaft is rotated whenever the main clutch
is open, gears 2011 (Figure 59) are driven there-
by through idlers 20i0 carried on the settable
plates 172, 178, 188, and 190. As has been de-
veloped in connection with the previously de-
scribed power set selection mechanism, any one
of the group of plates may be selectively moved
to engage the gear 2011 carried thereby with
gears which, in this case, are carried by sleeves
rotatably mounted on the half or quarter speed
shafts. Movement of these gears is utilized to
control the number of cycles of operation of the
main clutch and thereby to effect a positive or
negative multiplication in all operations where-
in the multiplier value is two or more. As will
presently appear, rotation of the driven sleeve
is utilized to disengage the main clutch after
the predetermined number of main clutch cy-
cles has occurred.

The driven sleeve rotatably mounted upon the
haif speed shaft 166 (Figure 65) carries gears

. 2013, 2014, 2015, and 2016 connected thereto as
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a unit. The driven sleeve rotatably mounted
upon the quarter speed shaft 16T carries gears
2017, 2018 and 2019 connected together as a
unit. These gears are mounted upon the half
and quarter speed shafts for the sake of con-
venience and are not connected thereto, the
shafts providing merely a convenient support.
Gear 2020 is also rotatably mounted upon the
quarter speed shaft but is not connected to the
sleeve carrying gears including 2017, 2018, and
2819. As typical of the gears which may be
used, the gears 2013 to 2016 respectively include
gears having twelve, fourteen, sixteen, and
eighteen teeth, while the gears 2017 to 2020 in-

- clusive, include gears having twenty, sixteen,
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twelve, and twelve teeth, respectively. The ra-
tio of these gears to the gears driving them is
such that gears 2013 to 2013 inclusive respec-
tively provide selection ratios extending from a
“nine” multiplier to a “three” multiplier, while
the gear 2020, as will presently appear, provides
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in combination with other mechanism,. the'

“two” selection.

Depending upon the selection which has been
made, one of the plates is swung either to the
right or to the left, as viewed in Figure 59, to
engage one of the gears in the group-2013 to 2020
inclusive. The three other plates.remain in that
position shown in Figure 59 in which gears 2011
are not meshed with any gear in the group 2013
to 2020 inclusive. :

A single cam member 202( (Figures 64 and 65)
is attached to the sleeve carrying gears 2013 to
2016 inclusive and, as will presently appear, is
adapted to rock a bellcrank 2022 universally piv-

oted on the frame by means of a loose fitting pin

and spring connection 2029 so as to open the
main clutch and stop the machine as hereinafter
described, after the cam member 20621 has made
a single rotation in either a clockwise or a coun-
ter-clockwise direction. Thus, for example, gear
2014, which is that providing for seven main
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clutch actuations, and controls a posiﬁive or nega- -

tive multiplication by the value “seven,” makes
one rotation while the main clutch is making
seven rotations.
to the unit which includes gear 2014, it will like-

wise make one rotation and at the end of this

rotation is effective to rock the bellcrank 2022.
A double cam member 2023 (Pigures 64 and
65) is included in the same unit with gears 2017,
2018, and 2019, and is effective upon half a rota-
tion in either clockwise or counter-clockwise di-
rection, to rock the same bellcrank 2022. Thus,
for example, gear 2018 is effective to control the

multiplication, either positive or negative by o

the value “four,” the main clutch making four
rotations. During the four main clutch rota-
tions, gear 2018 and the member 2023 make but
half a rotation, the direction depending upon
‘positive or negative multiplication. At the end
of this half rotation, the member 2023 is ef-
fective to rock the bellerank 2022. Gear 2020,
providing for multiplication by the value “two,”
is connected to the triangular member 2024
adapted to cooperate with a roller 2071 on the
upwardly extending arm of bellcrank 2022. This
member is adapted, when gear 2020 is being
driven, to rock the bellerank 2022 during the
second cycle of main clutch operation.

Interlocking means are provided to prevent &

inadvertent simultaneous depression of adjacent
multiplier keys. These means comprise levers
2066 (Figure 62) centrally pivoted to the key
section frame intermediate the key stems. The
left hand ends of the interlock levers 2066 un-
derlie lugs 2068 (see Figure 63) formed on the
key stems, so that depression of any key will
rock its associated lever counter-clockwise. This
brings the left hand end of the interlocking
lever 20668 cdown upon the right hand end of the
interlocking lever 2066 associated with the next
lower key and brings its right hand end up be-

neath the left hand end of the laver 2066 associ-

ated with the next higher key; thus. when the
number “3” multiplier key is depressed, both the
number “2” key and the “4” key are locked
against being depressed. The lever 2066 be-
tween the number “8” and “9” multiplier keys,
has an enlarged end 2067 to operate directly
against lug 2068 on the stem of the number “9”
key, this being necessary because there is no
locking lever above the number “9” key.

- Depression of any value key from “1” to “9”
inclusive in the multiplier unit, is effective to
effect engagement of the setting clutch, and is

Since member 2021 is connected -
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also effective o initiate motor operation by clos-
ing of the main switch,

The multiplier key section also includes a bar
2030 (Figure 62) which is in a position to be en-
gaged by the stem of any key of from “1” to “9”
value inclusive, and is mounted for parallel move-
ment by swinging levers 2044 pivotally connected
to its opposite ends. A spring 2032 connected to

"an extension of the forward lever 2044, urges

these levers clockwise, thus normally maintaining.
the bar 2030 in a raised position. The levers 2044
carry extensions (800 between which extensions
is pivoted a stabilizer link 1801, This stabilizer
link swings with the bar 2030 to prevent any play
in the pivotal connection thereof which might
result in other than perfect parallel movement
upon depression of the various multiplier keys
which contact the bar 2030 at spaced points
throughout its length.

In order to close the main switch and initiate
motor operation upon depression of a multiplier
key, the bar 2030 is provided adjacent its right
hand end with an underlying shelf 1802. The

.shelf 1902 is engageable upon downward move-

ment of the bar 2030 with a lever (903 which, as
shown in Figure 28, is pivoted at 1904 and has
a tail underlying a shelf {905 on the link 404
pivoted to lever 393. The lever 1903 is rocked
counter-clockwise upon depression of the bar
2030, thus rocking the levers 393 and 385 clock-
wise to close the main switch through the me-
dium of the link 388 in-the manner heretofore
described.

The mechanism for opening the setting clutch
upon depression of any multiplier key from “1”
to “9” includes a link 2033 (Figures 62 and 66)
which is pivoted at its right hand end at 1908
to an ear of the bar 2030, and is supported adja-
cent its left hand end by a link 1907 depending
from a lever 2034, included in a lever system
which comprises lever 2034, lever 2035, and lever
2036. The levers 2034 and 2035, as shown in de-
tail in Figures 66 and 66A, are pivotally mounted
upon a common pin 2037 supported by a depend-
ing portion of the key frame. The lever 2036 is
pivoted at 1906 to the lever 2035. ILevers 2034
and 2035 include, respectively, projections 2038
and 2039 between which a spring 2048 is com-
pressed to urge the levers apart. Similarly, lever
2036 includes a projection 2041 while lever 2035
includes a projection 2042, between which pro-
jections spring 2043 is compressed. A.lug 2045
on’lever 2035 limits the movement of lever 2036
and a lug 2116 on lever 2035 limits the movement
of lever 2034 with respect thereto. Iever 2035
also includes an ear 2046 which lies beneath the
bar 2030 and which is forced downwardly when
the bar 2030 is depressed upon operation of a
multiplier key. Depression of the “0” multiplier
key also rocks lever 2035 downwardly. by means
of a lever 2090 which underlies.the zero key stem, -
being pivoted at 2091, and carries a pin 2093
overlying the left end of lever 2035.

It is desired to cause engagement of the set-
ting clutch upon complete depression of any “1”
to “9” multiplier key, and to prevent the initia-
tion of operation before depression of such a key
has been fully completed. Therefore, the final

. trip-off of the setting clutch might be placed -.

o

under control of the key latching mechanism
which does not operate until a key is fully de-
pressed. However, in the present machine the
key latching mechanism also operates when the
zero key is depressed; under which condition it
is not desired to operate the setting clutch, so
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the trip-off of the setting clutch is placed under
joint control of the bar 2030 and the key latch-
ing mechanism. ‘
Setting clutch operation is initiated by lower-
ing of the link 2033 (Figure 62) by means pres-
ently to be described. The link 2033 underlies
an ear 2048 formed on an upwardly extending

arm of a long lever 20471 pivoted at 1909 and:

urged to swing counter-clockwise about its pivot
by a spring (956. The lever 2047 has a rear-
wardly extending arm 1950 provided with a slot
1951 embracing a pin carried by a floating in-
terponent 1952 which is supported at one end
by link (953 freely pivoted on a stud 1954 on the
, control plate, an ear 1955 being provided on the
link 1983 to abut the top edge of the control
blate to limit the clockwise swinging movement
of the link. '

When the link 2033 is lowered, it permits the
lever 2047 to be swung counter-clockwise by its
spring 1956, raising the interponent 1952 to a
position where it may be engaged by a ratchet
wheel 1857 secured to the rotating shaft 1328 of
the carriage shift mechanism, hereinafter to be
described.

The ratchet (951 will thereupon kick the in-
terponent 1952 sharply to the left so that its
opposite end strikes a stud 1958 on a lever 1959,
The lever (959 (as also shown in Figure 39) is
keyed to shaft 501 with the setting cluich dog
394 and secured relative to the dog so that such
rocking movement of this lever will free the dog
from the cluteh. :

The opposite ends of link 2033 are lowered by
different means; but, as will presently appear,
the leverages are so arranged that the lowering
of either end alone will not permit the lever 2047
to rock counter-clockwise sufficiently to operate
the setting clutch dog through the means de-
scribed.

As a multiplier key of any value from “1” to
“8” is depressed, the underlying paraliel bar 2030
(Figure 62) is depressed lowering the right end
of link 2033 which is connected thereto at 1808.
The lever 2035, having ear 2046 (sce also Pigure
66) underlying bar 2030, is also rocked by this
movement and compresses spring 2040, rocking
lever 2034 slightly, and causing the lug 2082 en-
gaging notch 2092 in the latch bar, to move the
latch bar 2055 to the left until it abuts the lug
2015 of the moving key, arresting further move-
ment of lever 2034 and causing spring 2040 to be
further compressed. 'This movement is sufficient

to carry notch 2057 out of the path of lug 2061,

As the lug 2015 of the key is moved below latch
bar 2055, spring 2040 is permitted to expand rock-
ing lever 2034 to simultaneously bring the latch
bar over the lug 2015 and lower the left end of
link 2033 which is connected thereto by link 1907,
Both ends of the link 2033 being now lowered,
lever 2047 may be rocked sufficiently by its spring
1956 to cause engagement of the setting clutch.
The latch bar 2055 holds the depressed key down
and all other keys up until it is retracted.

In order- to effect the release of the locked
multiplier keys it is necessary to provide means
which will be operated upon operation of either
the setting clutch shaft 43( or the carriage shift-
- ing mechanism (Figure 68) to retract the latch
bar 2088. In view of the fact that the operator
may depress a second key before the machine
has completed the operation initiated by the first
key depressed, and may be pressing down upon a
third key before the second is released, special

10

20

adaptation of the latch bar operating means to
the peculiar requirements of such operation is
necessary.

Retraction of the bar 2055 to unlock the keys is
effected by a lever 2058 (Figure 62) pivotally
mounted at 2059 and adapted to receive a clock-
wise oscillation upon operation of either the
setting clutch line or the carriage shifting mech-
anism. As the setting clutch shaft 431 (Figure
41) receives a half rotation at the commence-
ment of a multiplication operation, cam 747 fixed
thereon rocks the cam follower lever 146 jour-
naled for rocking movement on shaft 501 by
means of a sleeve 2094 to which there is also fixed
an arm 2060 (see also Figure 62) adapted, upon
such movement to engage an ear 2072 on the
lever 2058. During each carriage shifting oper-
atlon, as will hereinafter appear, lever {388
(Figure 62) receives a counter-clockwise oscilla-
tion, and this lever is provided with an arm (394
adapted to engage a second ear {39% on lever
2058.

Adjacent the upper end of lever 2058 there is

" pivoted thereto, an extension 2054 having a
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laterally formed portion engaging in a notch in
latch bar 2055. A stiff spring 2058q compressed
between the lever 2058 and its extension 2054
normally holds the extension against a stop 2088b
formed on the lever, so that the lever and its
extension ordinarily funciizn as a unit. How-
ever, if lever 2058 resceives an excessive stroke,
the forward ends of the slots in latch bar 2088
will be brought against the key stems and spring
2058 will then yield. Spring {968 normally
urges lever 2058 clockwise and prevents latch bar
2055 from drifting into locking position:.

Means are also provided to prevent relocking
of a key In depressed position in the event it is
held down until after the releasing mechanism
described above has functioned. Lever 2036 (Pig-
ures 62 and 66) pivoted to lever 2035 at 1906 is
provided with an ear 206{ adapted to engage in
a notch 2087 in bar 2055 as the latter is moved
to the right by lever 2058, and io restrain the
bar from returning to key locking position so long
as the key is held depressed. It wil be recalled
that lever 2035 is rocked counter-clockwise about
its pivot 2037 by downward movement of the par-
allel bar 2030. and this movement thereof is
transmitted through spring 2043 to lever 2036,

It will be observed that should the operator
be pressing down upon a locked up multiplier
key, it would depress during the instant when
notch 2087 is being moved the slight extra dis-
tance to the right which is necessary to insure
engagement thereof by ear 2061, and nothing
heretofore described would prevent ear 2061 from
engaging in notch 2057 so as to prevent the prop-
er functioning of bar 2055, which is to lock the
subsequently operated key in depressed position.
To prevent such misfunctioning there is pro-
vided, a pawl 2069 (Figure 62) pivoted on a de-
pending portion of the parallel bar 2030 and
pressed against a limit stop provided by impinge-
ment of the tail of the pawl against pivot head
1908, by a spring 2070 compressed between the
pawl and the parallel bar.

Pawl 2068 moves slightly upwardly and then
downwardly with the parallel bar 2038 in such
an operation as postulated above, and engages
an ear 2/078 on lever 2036 to rock said lever about
its pivot on lever 2085, comnressing spring 2043
and preveniing engagemsnt of ear 2064 in notch
2057. Th= key lock bar 2058 iz therefore free to
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inove leftwardly to lock the key in depressed
position.
Obviously the pawl 2069 must release lever 2036

before the next oscillation of key release lever'

2058; however, in order to insure against relock-
ing of the same key in the event it is being held
down by the operator. This releasing action is
effected by a lever 2079 (Figure 62) rockably
mounted on shaft 1152 and provided adjacent
its upper end with a pin 2095 adapted to engage
the edges of a pointed extension 2096 on pawl
2069 tQ rock said pawl and release lever 2036
therefrom.

Lever 2079 (see also Figure 75) is operated by
the carriage dipping mechanism through link
2097 pivoted to the lower arm of lever 2079 and
connected to link 1713 through a supporting link
2098 pivotally mounted in the frame. Referring
to Figure 46, it will be seen that said link #7113 is
pivoted at 5§98 to arm (714 keyed to shaft 600
to which there is likewise keyed a bifurcated arm

589 embracing pin 602 on the carriage dipping

links 566 operated by cams 574.

These cams 574 effect a release of lever 2036
from pawl 2069 before the retraction of lock bar
2055, which it will be recalled is effected by cam
141 (Figure 41), and the ear 2061 of lever 2036
will therefore be freed to restrain a return of the
lock bar during a setting clutch operation initi-
ated by depression of a key the release of which
it is desired to insure. Where a key is being
pressed down by the operator during a setting
clutch cycle initiated by another key, it is not
freed to go down until after the rocking of pawl

release lever 20719 by the carriage dip cams and s

slightly before the completion of the retraction
of the lock bar 2055 by the main clutch opening
cam. Lever 2036 therefore will be restrained by
- pawl 2069 so that lock bar 2055 may move to the
left 'and lock the key in depressed position.

The pivotal connection between link 2697 (Fig-
ure 75) and lever 2019 engages the depending
arm of lever 1151 (see also Figure 62) as the car-
riage is dipped, rocking lever 1151 clockwise and
carrying an ear (154 thereon to a position di-

rectly beneath the extreme forward end 2000 of-
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the lever 2047 thus preventing counter-clockwise -

movement of .said lever for the purpose of bring-
ing the interponent 1952 into cooperative Jela-
tion with the ratchet 1951 to initiate setting
clutch operation until the carriage rises. The
shift interlock hereinafter described then holds
lever 2047 until carriage shifting is completed.
In order to accelerate upward movement of the
multiplier keys without adding to the difficulty
of depressing them, an additional force is tempo-
rarily applied to them at the time of their release
by the locking bar. Pivoted on cam follower 7121
(Figure 49) at 2088 is a.member 2086. Spring
2088 tensioned between the said member and the
cam follower normally holds the former against

21

pressed, the V-slot bar 120 (Figures 58 to 60)
moves toward the right with the result that lever
2050 which hangs from shaft 2004 (Figure 58)
and is spring urged to the left, is rocked by lever
2003 engaging its projection 2052. This removes
ear 2053 from over the upturned end of the lever
2051 so as to permit spring 633 (Figure 41) to
rock lever 632 and its roller 634 to latch the main
clutch dog 395 until its release by the trip-off
devices hereinafter described. The lever 205(
normally prevents latching of the main clutch
dog through its contact with ear 2049 on the tail
of latch 632. .

To prevent lever 2050 from being displaced by

depression of a higher multiplier key after the
“1” key has been depressed, a blocking lever 2110
(Figure 58) is urged upwardly by spring 211, -
The blocking lever 2110 is normally held down (as
shown in Figure 58) by an ear 2{12 on a bell-
crank 2113 pivoted at 2114 to the lever 205i. The
lug 620 on the main clutch dog 395 (see also Fig-
‘ure 41) engages the bellcrank 2113 when the
main clutch is not in operation. When the main
clutch dog is released, the lug 620 thereon moves
upwardly permitting spring 2111 to swing the
blocking lever 2110 into its blocking position be-
hind. the ear 2053 on the lever 2050. Lever 2051
is urged in a clockwise direction by a spring iden-
tical to the spring 2i{{ and disposed directly be-
hind the spring 2111 (as viewed in Figure 58).

To stop the machine after a predetermined
number of multicyclic operations have occurred,
cams 2021, 2023, and 2024, and bellcrank 2022
are employed. As appears in Figure 64, the right
hand face of cam 202{ has a lateral cam face at
20170, so that at the.beginning of a clockwise or
counter-clockwise rotation of cam 2021 the tip
2071 of the universally pivoted bellecrank 2022 is
moved aside and rides along the outside face of
the cam until the high point thereof has been
passed, when the bellcrank end is moved back
into  cooperative relation with the peripheral
face of the cam by spring 2122 which includes
a pin 2128 therein to act as a guide for the spring
and to centralize lever 2022. As the cam ap-
proaches the end of its rotation, the belicrank -
is rocked in a counter—clockwise direction. This

" rocks lever 20712 clockwise about its pivot and
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shaft 61t as an end stop, but rocking movement -

imparted to the assembly by cam 708 carries the
end of member 2086 down upon a pin 2087 fixed
to lever 1900 supporting the parallel bar under-
lying the multiplier keys. Member 2086 may thus
be lifted clear of shaft 641 and spring 2089 ex-
tended by cam 708 to urge the depressed multi-
plier key upwardly.

The latch bar returning mechanism above de-
scribed is able to overcome spring 2040 and rock
lever 2035 to raise the left end of link 2033 so that
the setting clutch .cannot. be engaged a second
time by the key held down.

When a multiplier key above the “1” key is de-
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rocks ‘lever 2111 counter-clockwise. Lever 2111
is pinned to shaft 626 which, as appears in Figure
41, is the same shaft to which the main clutch
dog latching lever 632 is pinned; thus, this coun-
ter-clockwise movement of lever 2117 also rocks

“the lever 632 in a counter-clockwise direction to

release the main clutch dog.
. The inside face of cam 2023 (Figure 64) is
provided with similar cam faces, as appears at
2016, so that a roller 2077 on bellcrank 2022 first
rides about the outside face of that cam and then
onto the peripheral surface of the cam to ride
over the high point thereof, irrespective of
whether the cam is rotating in a clockwise or a
counter-clockwise direction. When a “2” selec-
tion is made, and cam 2024 is rotated by gear
2020, the cam follower 2022 follows the periphery
of the triangular-shaped cam 2024, under the
pull of spring 2122, and rocks levers 2072, 2111,
and shaft 626 upon riding over the high point of
the cam 2024. Either of these operations re-
leases the main clutch dog latch and stops the
machine as hereinbefore described.

Back lash in the gear train driving gear 2020
ordinarily insures such trip-off during the sec-
ond cycle, but a lost-motion keyed connection
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between cam 2024 and its gear 2020 as shown

at 2024q, is preferably provided.

To prevent rotation of gears 2017, 2018, and
2019, when a selection is made on any one of
gears 2013, 2014, 2015, 2016, or 2020, a pawl 2080
(Figure 59) is provided which is held by spring
-2081 in engagement with one of the gears in
the group of 2017 to 2019, inclusive. A similar
pawl is provided in connection with gear 2020
so that when a selection is made with any one
of the gears of the groups 2013 to 2016 inclusive,
or 2017 to 2019 inclusive, gear 2020 is held.

Another pawl 2083 (Figure 59) is associated
with the group of gears 2013 to 2016 inclusive,
through a notched cam 2082 which cam is keyed
to the sleeve which supports said gears. A
spring 2084 normally urges this pawl downward-

10
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ly so that it will be received by a notch in the -

cam 2082 to hold the gears 2013 to 2016 inclu-
sive in a centralized position when they come to
rest. A pawl 201, loosely keyed on shaft 202,
cooperates with gear 2009 in the same manner

20

as the other pawls 201 cooperate with gears 189, -

as has been described in connection with Fig-
ures 2 and 14.

Multiple addition and subtraction operations
can be secured by depressing the addition bar
or the subtraction bar simultaneously with de-
pression of a multiplier key. The effect of de-
pressing the addition bar and subtraction bar is
to prevent a carriage shift operation from fol-
lowing the multiple operation, and to clear the
keyboard so that thereafter other values can be
entered. The disabling of the shift at the end
of a multiple addition operation will be present-
ly described in detail. .The clearing of the key-
board has been previously described in connec-
tion with the addition bar.

-Depression of the zero key is effective to rock
member 2090 secured to shaft 2091 to initiate
operation of the shift mechanism, in the man-
ner presently described. While this movement
also depresses lever 2035 and thereby causes
movement of link 2033 to some extent, the oper-
ating parallel bar 2030 is not depressed and link
2033 is not moved to the extent necessary to
cause operation of the setting and main clutch.
Movement of lever 2035, however, brings exten-

sion 2062 into notch 2092 in the key locking bar

2088 to move the bar and lock the value keys
when the zero key is depressed.

The lever 2090 which is rocked downwardly by
depression of the zero key, is normally urged up-
wardly by a spring 1140, and its lower end en-
gages with a stop 1141 (see Pigure 75) to limit
its downward movement. An extension [i42 on
the lever 2090 engages a pin (143 on a long link
1144 which is pivoted at its opposite end to a
lever 1145, The lever (145 depends from, and is
keyed to a shaft which initiates the carriage
shift, as will hereinafter be described.

If the zero key were to be held down until the
latch bar 2055 returned to its latching position
it might be permanently latched down by en-

- gagement of its extrusion 2015 under the latch
bar.” In order to prevent this, a pivoted spring-
urged lever 1(46 (see Figure 75) is provided with
an ear at its right hand end to engage with a
notch - 1141 in the lower edge of the latch bar.
A shelf 1148 on the lever 2090 normally holds the
lever 1146 out of engagement with the latch bar,
however, permitting it to come into engagement
"therewith only upon depression of the zero key
which lowers the lever 2090. Thus, when the
zero key Is depressed, the lever 1146 engages with
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the notch 1141 to prevehit the latch bar from
moving. to its latching position, and upon re-
lease of the zero key, the lever {146 is rocked in
a clockwise direction to free the latch bar from
this restraint. :

If the zero key is depressed while the machine
is running out a multiplication initiated by an-
other multiplier key, however, it must be locked
down until the carriage shift which it is to initiate
has taken place. Link 2097 (Figure 75) which
is displaced to the left by the dipping of the car-
riage is adapted to engage an ear 2099 on latch
1146 to prevent the latter from engaging in
notch (14T under these circumstances and lock
bar 2055 may therefore lock the zero key down
until it is retracted as an incident to the carriage
shifting operation upon rocking of lever 2058
(Figure 62) by arm (394 of member 1396. This
takes place at the very end of the shift opera-
tion following the multiplication so that a second
shift will follow if the zero key has been latched
down.

‘To insure the occurrence of a single additional

shift rather than a plurality of successive shifts

upon depression of the zero key, the link 1144 is
raised to permit its pin 1143 to ride over the top
edge of the extension 1142 on the lever 2090, thus
letting the shift mechanism return to its neutral
position. This raising of the link (144 is ac-
complished through lever 1396 (see Figure 62)
which, as will appear under the description of
the shift mechanism, is yocked in a counter-
clockwise direction upon each shift initiated by
the zero key. This lever 1396 has an ear 1149
engaging the right hand end of a floating link
1150 to move this link to the left and rock a le-
ver 1151 which is pivotally supported on a shaft
1152. The lever (151 .is urged counter-clockwise
by spring (159 and has a downwardly depending
arm pivoted to the floating link 1150 so that its
rocking thereby will be in a clockwise direction.

An ear 1153 adjacent the left hand end of the
lever 1151 (see also Figure 75) underlies the link
1144 to engage with said link and lift it to a
position where its pin 1143 will override the ex-
tension {142, as stated above.

The short cut multiplication mechanism is un-
der control of a key 1120 (Figures 1, 80, 82, and
83) positioned just to the left of the multiplier
key (Figure 1). This mechanism is employed to
effect negative muitiplication operations and
thus make possible a reduction of the machine
operations necessary to perform multiplication
where the multiplier contains numbers greater
than “5.” For example, a multiplier such as
“48” normally requires depression of the “4” key
and the “8” key with twelve ensuing main clutch
cycles to complete the operation. To accomplish
a short-cut with this multiplier, the operator
may depress the “5” key to result in multiplica-
tion by “50” and then depress the short-cut key
and the “2,” obtaining the same product with but
seven main clutch cycles.

The short-cut key 1120 has a slotted key stem
1121 guided for vertical reciprocation on pins
1122 and normally urged upwardly by a spring
1i19. An ear 1123 on the short-cut key stem en-
gages a lever 1124 (Figure 82) to rock the same
upon depression of the key to impart rocking
movement to the pendular lever 545 through an
ear 1125 formed on an extension thereof. This
lever 545, as previously described and as shown
in PFigure 34, conditions the main reverse unit
for negative operation.

The short-cut key is latched down by a pawl
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1126 which is urged in a ¢olinter-clockwise direc-
tion by tension spring 1121. This pawl engages
a shelf 1128 formed at the lower.end of the key
stem and is released to permit return of the
short-cut key at the end of the setting clutch
cycle by means of a lever {129 which is rocked
against an ear 1130 on the tail of the pawl, the
lever 1129 being engaged through a pin and slot
connection with a lever 113{ pinned to the same
shaft 152 to which the lever 7150 is pinned. The
shaft 152 is rocked by the lever 150 through link
148 which operates from the setting clutch line
as appears in Figure 41. In the event that the
operator is riding the short-cut key during the
unlatching of the pawl 1126, a blocking lever
1132 urged clockwise by a spring {133 moves in
front of the upper end of the pawl 1126 to re-
tain it in its unlatched position. This insures
return of the short-cut key whenever the oper-
ator removes his finger from the same and dur-
ing return the shelf 1128 at the lower end of the
key stem engages and moves the blocking lever
1132 counter-clockwise permitting the pawl 1126
to resume the position wherein it will again latch
the shox;t-cut key the next time that it is de-
pressed. )

A blocking lever is provided to prevent depres-

20

sion of the short-cut key while a multiplier key -

is depressed and likewise to prevent latching
down of a multiplier key and starting of the ma-
chine, if the short-cut key is only partially de-

30

pressed. This blocking lever 1134 (see Figures -

82 and 83) pivots about a pin (135 and has an
ear 1137 at its lower end engaging a notch in
the multiplier key latch bar 2055. Upon depres-
sion of a multiplier key the latch bar travels to
-the left and swings the blocking lever 1134 so
that its hook-shaped upper end underlies an ear
1138 formed on the edge of the short-cut key
stem. This prevents depression of the short-cut
key and also prevents latching down of the mul-
tiplier ‘key if the short-cut key is partially de-
pressed. The multiplier keys are rendered in-
effective by partial depression of the short-cut
key, because the ear 1138 lies in the path of the
head of the blocking lever 134, thus preventing
left hand movement of the multiplier key latch
bar 2055 which must occur upon depression of
the multiplier key before operation of the ma-
chine can be initiated. When the short-cut key
is fully depressed, the ear 1138 lies below and
out of blocking position with respect to the head
of the blocking lever 1134, )
When the short-cut key is depressed, it is
latched down as has just been described, until
the end of the setting clutch cycle. In the event
that the short-cut key should be depressed in-
advertently, it would be obviously undesirable to
require a setting clutch operation to effect its
release. Therefore, release of the short-cut key
under such conditions is placed under control of
the stop key 985 (see Figure 80) which is effec-
tive to move a lug 1139 to engage and rock the
pawl 1126, releasing the short-cut key from its
depressed position. The additional functions and
operations of the stop key will be described in
detail under the description of the division mech-
anism.

It will be observed that if a multiplier key
2001 is partially depressed at the time the addi-
.tion bar 800 or the subtraction bar 860 is de-
pressed, the locking slide 2055 will be blocked by
the extrusion 2015 and the left end of link 2033
(Pigure 62) will not be lowered. Link 20471
therefore cannot lower sufficiently to initiate a
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setting clutch operation, although there is no
interference with the depression of the bars 800
and 860 (Figures 53 and 54), and they may be
latched in depressed position by engagement of
the upper portion of lever 128 under ear 7126.
With the parts so positioned, spring 730 will de-

‘press pin 134 as soon as the partially depressed

multiplier key is either fully raised or fully low-
ered so as to permit lock bar 2085 (Figure 62) to
move further leftward, and the setting clutch
operation will then ensue. If the multiplier key
is raised the operation following will be merely
that initiated by the depresed bar 800 or 860
alone, but if the key is depressed, a multiple ad-
dition operation such as has been previously
described, will follow.

Shift mechanism

. Power driven means are included in the
present machine for shifting the carriage 259,
either to the right or to the left. The controls
for this shift permit an automatic one step shift
of the carriage after each automatic multiplica-
tion or division operation until the last carriage

- position is entered; a one step shift controlled by

depression of the zero multiplier key (Figures 1
and 75); as well as means disabling. the shift
during multiple addition or subtraction opera-
tions (Pigure 71). There is also a non-shift key
1200 which functions to disable the shift mech-
anism, except in division, and a pair of keys 1201 -
and 1202 which control the direction of shift dur-
ing automatic shift operation in multiplication.
Movement of the carriage by the power driven
mechanism is immediately under the control of
a member 1300 (Figures 67 and 70) supported
on a shaft 1301. This member is connected by a

link 1314 to a lever 1315 which is rocked counter-

clockwise or clockwise about shaft 1316, to move
member 1300 likewise, The link {374 includes a
flexible connection comprising a spring unit 1373,
similar in construction to the unit 723 of Figure
50, to insure against misoperation by depression
of a shift key for one direction while the shift is
functioning in the opposite direction. When
member 1300 is moved clockwise, hooked arm
1302 on a common sleeve therewith is positioned
in engagement with toothed wheel 1303 to cause
shaft 334 (Figure 68) to be rotated to shift the
carriage to the right. When member 1300 is
moved counter-clockwise, it positions its point
1304 in engagement with star wheéel 1305 to cause
shaft 334 to be rotated to slide the carriage to
the left. The engagement of the toothed wheel
1303 or of the wheel 1305 results in the selective

. turning of the shaft 334 through the following
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mechanism,

A gear 362 (Figure 68), driven by idler 647 (see
also Figure 52), is secured to a shaft (306 which
is positioned between the center and right side
frames. Gear 648, also driving the setting
clutch, is also secured relative to shaft 1306 by a
member 1307, which is keyed to the hub of gear
362., Member 1307 is secured by rivets to the
gear 648, the same rivets fixing a spider (309 to
said gear. - i

An internal ring gear 1315 is welded to the
spider 1309. This gear is in mesh with three
planetary gears 1316 (see also Figure 67), riveted
to one end of shafts 1317 which have gears 1322
formed intermediate their ends.  These shafts
extend-through openings provided in the toothed
wheel 1303, a plate forming bearings for their
outer ends and the gears 1316 thereon also mesh
with a sun gear 1320. The sun gear (320 is
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formed upon an end of sleeve 1321 to which star
wheel 1386 is keyed, shaft 1306 being turned down
to receive the sleeve 1321. Gears 1322, formed
on the shafts 1311, mesh with sun gear 1327 to
which is secured gear 1324.

Gear 648 is always rotated when the motor is
rotating, so that the ring gear 1315, planetary
gears (316, and their associated gears 1322 turn
idly. If the toothed wheel 1303 is held, however,
by hooked arm 1302, revolution of the planetary
gears 1316 and 1322 is prevented and the plane-
tary gears serve to rotate the sun gear 1327 and
its associated gear 1324 to turn gear 1326 with
which gear 1324 is in mesh. If, however, the
star wheel 1305 is held by point 1304 rocking into
engagement therewith, sun gear 1320 will be held
stationary and the planetary gears 1316 and 1322
will both revolve and rotate with the internal
ring gear |315 whereby the gear [324 will be
driven in the opposite direction and the rota-
tional direction of gear 1326 is utilized to effect a
shift of the carriage in either direction.

The gear 1326 is rotatably mounted on a shaft
1331 between friction discs 1330 and 1332 keyed
to said shaft. Sleeve 1333 is also rotatably
mounted on the shaft 1331 and supports a cam
1334 thereon (Figures 68 and 69) while a cen-
tralizer disc 1335 is keyed to the shaft 1331.
Spring (337 is compressed between washer (338
and lock nuts 1339 on the threaded end of shaft
1331. This censtruction provides for the sup-
port of gear 1326 on the shaft 1331 and for a
friction drive connection effected by discs 1330
and 1332 which are keyed to shaft 1331 and
pressed against the gear 1326 by spring 1331
bearing against the washer 1338, the centralizer
cam 1335, and the spacer 1333,

The shaft 1331 is supported in a suitable bear-
ing (340 provided in the left control plate 524
of the machine. A bevel gear {341 is fixed on the
end of the shaft and meshes with bevel gear
1342 mounted on the lower end of vertical shaft
334. Shaft 334 is supported in an adjustable

angle bracket (343 secured to the base plate of N

the machine and carrying a sleeve bearing 1344
riveted to the angle bracket and which supports
an end of the shaft (33f. ’

When link 1374 is first moved to either the
right or left, latch lever 1350 (Figure 67) is re-
leased from against ear 1354 to rock about shaft
1851 under the pull of spring 1352 and seat its
projection 1353 either above or below ear 1354 on
member 1300 so that the member 1300 is latched,
and rotation of the unit commences.

Upon rotation of shaft 1331, lever 1350 is :

moved by cam 1334 (Figure 69) to release the
ear 1354 at about the middle of the cycle.

It is noted that the cam 1334 includes two op-
posite steep rises over which the nose 1357 rides.
Upon clockwise rotation of the cam from the
position shown in Figure 69, the nose 1357 rides
over cne of these at about the middle of the
cycle. To secure the same cyclic time of opera-
tion of the lever 1350, the cam (334 is free on
the shaft and is driven by the centralizer disc
1388. As appears in Figure 69, this disc includes
two shoulders 1360 on opposite sides thereof.
Upon counter-clockwise rotation of the central-
izer disc 1338 from the position shown in Figure
69. pin 1361 on cam 1334 is engaged immediately
and the cam is rotated. However, vpon clock-
wise rotation of the centralizer disc, the pin 1381
is engaged by the notch in the opposite side only
after the centralizer has rotated nearly half a
revolution so that the rocking of the arm 1350
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and disengagement of the ear 1354 occurs at the
correct cyclic time.

A centralizer disc 1332 (Figures 67 and 68)
carries two rollers 1363 against which an arm of
bellcrank 1364 bears under the pull of spring
1368 so as to centralize the drive unit as well as
the shaft 334 on the carriage proper.

In automatic division and multiplication
operations, except when the carriage is in the left
end position, link 1374 is moved to the left (Fig-
ure 67) to engage point 1304 with the star wheel
1305 to secure an automatic shift of the carriage
one step to the left after the operation has been
completed. The operation of link (374 in division
will be described presently, while the construc-
tion of the mechanism associated with the link
and its movement in automatic multiplication
operations is here disclosed.

The link (374 (Figure 70) is extended between
member 1300 and lever 13715 pivotally mounted
on shaft {376. A lever (311 (Figure 94), having
a cam edge {378 adjacent its left end, is secured
by a pin (319 to a lever 1380. The lever 1380 is
pivotally supported on shaft 1376. The lever
1380 also carries a dog 1383 having a shoulder
formed thereon to engage extension 1384 on the
link 1374 (Figure 70). The right hand end of
lever 1371 is formed with nose 1385 which nor-
mally lies below and against a tripping ear 1386
(Figure 46) operated by the carriage dipping and
raising devices so that when the said ear is moved
to the right (Pigures 46 and 94) a spring 1382,
acting through a lever 1392, may raise lever 1317
so that its nose lies to the left of the ear {386.
This counter-clockwise movement of lever 1317 is, -
limited by a shoulder 1380 which engagss with
the extension 1386. Upon the following restore
clutch operation and raising of the carriage, the
cam levers 570 are rocked in a counter-clockwise
direction and extension 138§ pushes lever 1311
to the left so that the dog 1383 may pull link 1374
to the left and thus engage point 1304 with star
wheel 1305 and start a shift of the carriage to the
left, the dog 1383 having been raised to engage
the extension 1384 by the shift direction control
key 1201 (Figure 71) through mechanism pre-

" sently to be described. Ear (386 is pivotally
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mounted on one of the cam followers 570 and
urged counter-clockwise against a stop by a stiff
spring which is interposed merely to permit
yielding rather than distortion of parts under
certain locking conditions.

To ensure that the shift is limited to a single
step, lever 13171 is rocked clockwise and is disen-
gaged from extension {386. It will be recalled
that during the shift operation cycle, cam 1334
(Figure 69) operates to move lever 1350 in a
counter-clockwise direction to remove lever {350
from engagement with extension 1354. ’

A lever 1355 (see Figure 94) pivoted on a shaft
1351 and urged to swing clockwise by a spring
1359 is engageable by the rollers 1363 on the
disc 1362 upon rotation of said disc, whereupon
it will be swung in a counter-clockwise direction.
A leftward extension of the lever 1355 engages
with the setting clutch shaft 431 to limit the
clockwise movement of said lever and thus con-
trol the time at which it is engaged by the roller
I363 to impart its counter-clockwise rocking
movement, Upon counter-clockwise movement
of the lever 1355, a stud 1356 thereon engages
with the downwardly extending tail of the bell-
crank 1387, thus causing the shelf 1389 thereon
which lies beneath lever 13171 to move upwardly
and rock lever 1317 clockwise to release its nose
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1385 from extension (386. The member 1300 is
thus freed from restraint and can be released

and centralized as previously explained. The

above described shift occurs automatically after
each multiplication operation, unless the cortrol
is disabled as hereinafter described.

Since during the shift operation, the setting
clutch, the main clutch and the restore clutch
are not operating, the circuit' to the motor is
not closed by their controls. The shift mecha-
nism includes means for closing the circuit inde-
pendently of these. Rocking of lever 1380 about
shaft 1316 is effective to move links (412, 401,

_ bellerank 402, and link 404 (Figures 28 and 94)
to close contacts 3%l in the motor circuit. Le-
ver 1410 hangs from a pin 181la adjacent to le-
ver 1380 and the end of lever 1410 is connected
by pin (411 to a link 1412. The links 1412 and

401 are. joined by the screws (413a extending-

through slots in each of the links so that the
overall length of the links can be adjusted.

When the lever 1380 (Figure 94) is moved in
a counter-clockwise direction, it engages against
extension 1413 on lever 1410 to rock that lever
in a clockwise direction and pull links 1412 and
401 to the left whereby member 482 is moved in
a clockwise direction to permit the contacts 391
to engage and close the motor circuit, as has been
described in connection with Figure 28.

A pair of guide fingers 1415 are adjustably
secured to the lower end of lever {410 and the
uppermost of these guide fingers is formed with
a shoulder against which the lower end of lever
1380 abuts. Thus when lever 1380 is moved in
a clockwise direction, it engages this shoulder
and rocks lever 1410 also in a clockwise direc-
tion, whereby links 1412 and 401 are pulled to
the left to permit closing of the contacts (Fig-
ure 28).

Movement of lever 1410 thus closes the circuit
upon operation of any of the shift controlling
means. Since the carriage is only shifted when
the main clutch and setting clutech are not in
operation, and since the operation of the set-
ting clutch and main clutch is controlled by de-
pression of the main operating bar, an inter-
lock is provided to prevent depression .of the
main operating bar and consequent operation of
the setting and main clutches whenever the shift
mechanism is operating. To this end, a lever
1416 (Figures 39 and 70) is pivotally mounted
on shaft 1417 and is connected by link 1418 to
the end of lever 1410, Whenever lever 1410 is
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“the dog 1383.
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rocking lever 1315 and moving link 1374 to po-
sition member 1300 as it appears in Figures 67
and 70, momentum and the centralizer 1364 com-
pleting the operation.

Depression of the zero key in the multiplier
row is also effective to initiate a one-step shift
of the carriage to the left and to disable the
other shift control keys as well as the multiplier
keys. As has already been described in con-
nection with the zero multiplier key, depression
of this key is effective to rock lever 2090 (Figure
75) which engages and moves link (144 to the
left, this link being connected with lever 1145
fixed to shaft (157 to which there is also fixed
a bifurcated arm 1158 embracing the pivot of
dog 1383 on lever 1380 to effect a swinging to
the left thereof and a movement to the left of
Thus a shift operation is initiated
in the manner described in connection with Fig-
ure 94. ‘

Since the zero multiplier key does not institute
a main clutch cycle, the carriage is not dipped
and consequently the restore clutch is not oper-

" ated, so that extension 1386 (Figure 94) is not
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rocked in a clockwise direction, lever 1416 will .

be rocked likewise in a clockwise direction to
bring its upper edge 1419 beneath extension 1420

- on the main operating bar link 505 to temporar-
ily block lowering of the main operating bar un-
til the circuit is opened and the shift has con-
sequently come to an end. The lever (416 then
recedes permitting setting clutch operation to
proceed if the main operating bar has been re-
leased in the meantime.

The member 1300 is disengaged and central-
jzed at the end of the shift operation by mem-
ber 1410. This member is rocked clockwise
about its pivot 411 by lever 1315 (Figure.70)
so that spring 1400, which extends between pin
1401 on a frame member and extension {402 on
member 1410, is tensioned. When link 1374 on
lever 1315 is released, during a shift cycle the
lever 1350 (Figure 67) serves to retain the mem-
ber 1300 in its shift controlling position until
practically the end of the cycle, as has been ex-
plained. The spring 1400 is then capable of
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moved to release lever 1311, Accordingly, when
lever (355 is rocked by the centralizer disc 1362
at about the middle of the shifting clutch cycle,
an arm {391 pivoted to lever (355 is moved to
the left (Figures 62 and 94) to strike ear 1393
on lever 1396 (Figure 62) to release the zero key
through arm (394 of lever 1396 and lever 2058.
A link 1403 connects lever 1392 to arm 1391 so
that whenever lever 1382 is in that position
shown in Figure 94, the arm 1391 can engage
against ear 1393. However, if extension (386 is
rocked upon dipping of the carriage, link 1403,
upon upward movement of levers {317 and (392,
moves the arm 1381 so that subsequently, if le-
ver 1355 is rocked, the ear (393 is not struck.
However, during the shift- operation occasioned
by the zero key, lever 13171 remains in that po-
sition shown in Figure 94, and arm 139%i is in
the position wherein it can engage ear 1393 upon
rocking of the lever {355. The ear 1393 is car-
ried on one arm of the member 1396 supported
on shaft 1395 and pulled to the right (Figure 62)
by spring 1404. .
Initiation of the setting clutch operation can
not be effected by a multiplication key during a
shift operation due to a tail 1185 fixed to the

-blocking member 1416 (see Figures 62 and 70)

which carries an ear 1156, Upon clockwise
movement of the blocking member {416 which
-occurs during a shift operation, the tail 1158
is swung- upwardly until the ear 1156 thereon
underlies the lever 2047 to prevent downward
movement thereof to bring the interponent 1952
into cooperative relation with the ratchet 1957.
- If the zero key is depressed while the machine
is running out an operation initiated by previous
depression of a multiplier key, the shifting oper-
ation must be delayed until the conclusion of the
previously initiated operation. In other words,
the digitation must be followed first by an auto-
matically initiated one-step shift and then by
another one-step shift initiated by the ‘“zero”

. key. In this situation the mechanism- operates
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as follows.

Assume that a “nine” multiplier key has been
depressed. Bar 503 (Figure 39) will be lowered
to rock frame 505 downward. Lug i420 on said
frame will thus be brought into blocking rela-
tion with the right side of lever 1416 (see also
Figure 70) preventirg clockwise movement of
sald lever and thus preventing clockwise move-
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ment of the shift centralizer 410 to which lever
1418 is connected by link (418. XLocking of the
centralizer 1410 in this manner, locks the shift

control- member 1315, until “the setting clutch -

functions.

Upon operation of the setting clutch, lug {420
(Figure 70) is removed from the path of lever
1418 thus releasing this lock. This is caused by
counter-clockwise movement of lever 520 (Fig-
ure 40) caused by cam follower §70 which causes
shelf 521 on lever 520 to engage and release the
latch 514 from the setting clutch dog, thus per-
mitting 503 to rise under the influence of spring
510, :

The shift mechanism is not freed for opera-
tion, however, because during the carriage dip-
ping operation, an ear 561 (Figures 46 and 70)
on the carriage dipping cam follower 570 moves
into a notch 563 in the shift control member
1300 preventing it from rocking in either direc-
tion during the time the carriage is dipped.

Also as an incident to this carriage dipping
operation, links 1713 and 2097 (Figure 75) move
to the left, rocking lever 1151 clockwise to carry
its ear 1153 against the link 1144, overcoming
spring 1144a and lifting the link so that its pin
1143 will be held above the path of movement
of extension 1142 on member 2090 and depres-
sion of the zero multiplier key will have no im-
mediate effect. During the later portions of the
setting clutch cycle, as earlier described, the mul-
tiplier lock bar 2055 is retracted, and at any time
thereafter the zero multiplier key may be de-
pressed and locked down.

As the carriage rises at the conclusion of the
multiplication operation the shift mechanism is
automatically set into operation, as hereinbefore
described, by the impingement of ear 1386 (Fig-
ure 94) ‘against abutment 1385. As this opera-
tion is initiated (see Figure 75) member 1380 is
rocked moving link 1144 to the left and permit-
ting pin 1143 thereon to move off of the top of
extension {142 to a position adjacent the left end
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thereof. It being. assumed that the zero multi-

plier key is locked down, the extension .!142 will
prevent link 1144 from returning to the right
when, during the first step of carriage shifting
the abutment 1385 (Figure 94) is released from
ear 1386 by the rocking of lever 1387, and a sec-
ond step of carriage shifting will therefore ensue.

The zero multiplier key is not released during
the first step of carriage shifting because, at the

time when lever 1355 (Figure 94) is rocked, abut-

ment 1390 of link 1377 is in contact with ear
1388 and lever 1392 is therefore rocked sufficient-
ly clockwise to raise member 1391 to overshoot
ear 1393, so that member 1396 (Figure 62) and
key release lever 2058 will not be moved.

During the second step of carriage shifting,
however, the parts are in the position shown in
Figure 94 so that when member 1358 is rocked
link 1391 will move ear 1393 to release the zero
multiplier key. In order to insure that the shift
will be arrested at this time even though the key
be held down by the operator, the rocking of
member 1396 (Figure 62) carries its ear 1149
against the end of link 1150 rocking the connect-
ed member 1181 to carry its ear 1163 (Figure 75)
against link 1144 and move the pin {143 on the
latter free of extension #1142, so that link (144
may return to the right to permit the arresting
of the shift mechanism. ‘ ’

Manually actuated shijt
The carriage may be shifted to the right or
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to the left by means of a pair of keys 1405 and
1406 respectively (see Pigures 1 and 70). These
keys are mounted on the usual vertically sliding
stems which stems are connected by means of
links 1407 and (408 with a common pin 1408,
A spring {410a normally urges both of the keys
1405 and 1406 upwardly. Upon depression of
the key (405, the pin 1408 is moved to the right
and upon depression of {408 the pin 1409 is
moved to the left. A stationary member 1417
guides the pin 1409 in either its right or left
hand movement and also serves as an inter-
lock so that neither one of the keys 1405 or 1406
can be depressed when the other one has been
depressed. Either right or left hand movement
of the pin 1409 will be transmitted through bi-
furcated arm 1482 to rock the shaft (485 to
which arm 1482 is pinned, clockwise or counter-
clockwise, depending upon which of the keys
was depressed. Disposed adjacent to each other
on the shaft (485 are two similar V-shaped
members 1480 and 1481, each of which is pro-
vided with two facing lugs 1486. Spring 1490 is
compressed between these four lugs so that a
rocking movement in either direction may be
transmitted from one of the V-shaped members
to the other through the spring. Member (480
is pinned to the shaft 1485 and is rocked by
movement of the arm 1482 thus rocking the
member {481, which is free on the shaft 1485 and
which has a downwardly extending tail pivotally
connected to the link 1483 which is thus pushed
to the right. . This results in rocking of lever
1315 which, with its lateral projection (471 nor-
mally engages the notch 1474 in the rearward
end of link {483. The link 1483 is supported
with the notch 1414 in engagement with the end
of lever 13715 by a link 14716 connected to the
member 1026.

Thus, upon depression of key 406 to initiate

‘a carriage shift to the left, the link (483 is

moved to the right, imparting counter-clock-
wise movement to lever 1315 and left hand
movement to link 1374 which conditions the
member 1300 (see also Figure 67) with its ear
1304 in engagement with the star wheel 1305 as
has been previously described. )

When a right hand carriage shift is desired
the key 1405 is depressed, thus moving the link
1483 to the left to rock lever 1375 in a clockwise
direction. This rocking movement of lever 13715
moves the link 1374 to the right, causing ear 1302
of member {1300 to engage with ratchet 1303 thus
reversing the driving direction of the carriage
shifting mechanism.

Manual control for direction of autlomatic shift
and non-shift

During multiplication operations of the ma-
chine, which include automatic carriage shift,
it is desirable sometimes that the shift be in a
left hand direction, and other times in a right
hand direction. It is likewise desirable, in some
instances, that the shift be disabled altogether.
In order to control the direction of the automatic
shift or to disable the shift when desired, the
control keys 1200, i20f, and 1202 are provided
(see Figures '1' and 71). Each of these shift
control keys is mounted on a stem 1203, the
three stems being substantially identical and
being supported for vertical movement on pins
1204 and (205. Each of the three stems is also
provided with a spring 1206, normally urging
it upwardly and each is provided with s later-
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ally extending arm carrying an ear 1207. Car-
ried on the pins 1204 of the key 1200 and the key
f20f is a latch member {208. This latch mem-
ber is provided with slots which surround the
pin to permit sliding movement. relative to the
key and a spring 1209 normally urges the latch

member to the left. The latch member 1208 is-

provided with three identical latching noses hav-
ing inclined edges 1210 for cooperation with the
ear {207 on the three keys; thus, upon depression
of any one of the shift control keys, its ear 1207
urges the latch member {208 to the right against
the tension of its spring 1209 and becomes
locked beneath the nose 1208 when it is fully
depressed and the spring (209 returns the latch
member to the left. Depression of any one of
the keys will cause release of any key previously
depressed.

In order to: prevent two of the keys from being
depressed and left down at the same time an
interlocking plate (211 is mounted for free slid-
ing movement on the pin (204 of the keys 1200
and 1201 adjacent the latch plate {208. The
interlocking plate 1211 is provided with a pair of
upwardly extending wedge-shaped members 1213
which fall between the ears 1207 of the three
keys. Depression of any one of the keys will
cause its associated ear 1207 to engage with one
of the wedges 1213 on the interlocking member
1211 and slide that member to a position where
its wedges will block the ear {207 of the other
keys and thus prevent depression of the other
keys. Through this’ means it is impossible to
depress any two Keys simultaneously, the width
of the wedge-shaped member 1213 being greater
than the spacing between the ears 1207,

When it is desired that an automatically ini-
tiated carriage shift take place in a left hand
direction, the control key 1201
The ear (207 of this key engages the tail of a
lever 1214 pivoted at 1215 and rocks this lever
in a counter-clockwise direction so that a shelf
1216 at its right hand end engages and raises
the dog 1383 into position for engagement by the
ear 1384 (see also Figure 70) thus causing the
automatically initiated carriage shift to take
place in a left hand direction in the manner
heretofore described.

The. normal direction of automatic carriage
shift is to the right and the function of the shift
control key 1202 is therefore simply to release
the shift control key 1201 or the non-shift key
1200, thus to insure a normal right hand shift.
When the other keys have been released by de-
pression of key 1202 (Figure 71) the dog 1383
will be urged clockwise for engagement with an
ear 1211 by means of a spring 1218. The ear
1217, as appears in Figure 70, is carried by a lever
1219 pivoted at 1220 and having a pin and slot
‘engagement with the shift control member {375.
Thus, under these conditions, upon left hand
movement of the dog 1383, it will engage with
the ear 1217 to rock the lever 1219 counterclock-
wise, imparting a clockwise movement to shift
control member §3715 and a right hand move-
ment to link 1374, thus rocking the member 1300

"to a position where its ear 1302 engages with
the ratchet wheel 1303 (Figure 67) to cause
a right hand shift to take place in the manner
heretofore described.

The automatic carriage shift in elther direc-
tion may be disabled by depression of the non-
shift key 1200 (Figure 71) which, through mech-
anism presently to be described, effects a lifting
of the left hand end of lever (371 (see Figures

is depressed."
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71 and 94). In Figure 94 it appears that upon
the raising of the left end of lever (311, the
right hand end thereof will be lowered so that
the ear (386 which is moved to the left upon
raising of the carriage, will override the lever
13171 rather than engage it to effect a shift, as
has been described. .

The mechanism for disabling the shift upon
depression of the non-shift key 1200 is illustrated

in Figures 71 and 73. In these figures a rock- .

ing member 122{ is shown mounted on a shaft
1222. This rocking member comprises a left-
wardly extending arm 1223, a rightwardly ex-
tending arm 1224, and an upwardly extending
arm 1225. The upwardly extending arm 12256

is separately formed but mounted on the same.

shaft 1222 and has a slotted portion en-
gaging an ear 1226 on the arm 1223 to cause the
three arms, (224, 1225, and 1223 to function as
a single unit. In order to disable the shift, the
non-shift key 1200 is depressed, swinging a link
1227 downwardly so that a pin 1228 thereon en-
gages an inclined edge 1229 on the arm 1225 to
swing the rocker 1221 in a counter-clockwise
direction. An ear 230 on the arm 1224 will
thereupon raise a lever (231 pivoted at 1232
and cause an extension 1233 thereon to lift the
lever {311 into the non-shift position.

The lower end of the link 1227 which carries
the pin 1228 just described is slotted and guided
on a broad-headed pin 1234 carried by a lever
1258 which will be described in detail in con-

. nection with ‘the division mechanism. The au-
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tomatic shift is disabled in multiplication opera-
tions as long as the non-shift key 1200 remains
depressed. However, upon depression of either
of the shift control keys §201 and 1202 the non-
shift key is released and drawn upwardly by
spring 1206. A spring 1235 (Figure 73) then
urges the rocker {221 clockwise to its normal posi~
tion, permitting the shift to take place automati-
cally.

Disabling of the automatic shift upon opera-
tion of the plus or minus bars during addition
and subtraction operations, is - also effected
through the mechanism disclosed in Figures 71
and 73. The add bar control member 128 which

moves in a clockwise direction upon depression
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of either the plus or minus bars, as will be re-
called from the description of Figures 53 and
54 carries an ear 1240, engageable with the left
hand end of arm 1223 of rocker member 1221 to
rock this member counter-clockwise and through
the lever 1231 and lever 13171 disable the shift.

In order to maintain the shift disabled when the '

add “control member 728 is again moved in a
counter-clockwise direction, a latch 1241 (see
Figures 71 and 74) loosely pivoted at 1242 and

urged in a counter-clockwise direction by spring

1243, falls behind. an ear 1244 on the arm 122§
of the rocker member 1221. This causes the
shift to continue to be disabled until such time
as the carriage dip operates. The carriage dip
causes & lever 1246 (Figures 71 and 72) to swing
upwardly, this lever being carried by the same
hub on the shaft 1152 as the lever 2079 which is
operated by the carriage dipping mechanism (see
Figures 62 and 75). When the lever 1246 is
thus swung upwardly by the carriage dipping op-~
eration during the restore cycle, a finger 1247
pivoted thereto at 1248 and urged counter-clock-

wise by a spring {249 moves upwardly so that its -

shoulder 1250 engages an ear (251 upon the
latch 1241 to release said latch and permit the
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rocking member 122f to return to its normal po-
sition under influence of its spring 1235.

In the previously described disabling of the
automatic shift under influence of the non-shift
key 1200, the latch 1241 does not come into play
due to the fact that an ear 1252 carried on an
extension at the lower end of the non-shift key
engages with an upwardly extending tail 1253 on

- the latch 1241, preventing said latch from com-
ing into locking position.

Division
The machine of the present invention includes
means for automatically performing, problems in
division. In such operations the dividend is set
up in the accumulator, the divisor is set up on
the keyboard, and the automatic division key

is depressed. The machine thereupon carries
out automatically the operation of dividing the

divisor into the dividend and registering the
quotient in the counter 1801, the carriage being
automatically shifted after registration of each
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quotient digit successively. The operation con-

sists of successive subtractions of the divisor
from those digits of the dividend which are reg-
istered in orders of the carriage aligned with
the actuating mechanism, and which may be
called the “effective dividend.” As the carriage
is automatically shifted to the left, additional
dividend digits are successively brought into
alignment with the actuating mechanism until
the carriage reaches its leftward limit.

In performing such an operation it is neces-
sary to shift the carriage when the aforemen-
tioned subtractions have reduced the effective
dividend to a value below that of the divisor.
Prior machines have done this automatically by
utilizing the overdraft registration of nines
across the accumulator to initiate, first a cor-
rective addition cycle, and then a carriage shift-
ing operation. The present machine, however,
provides mechanism for miechanically comparing
the dividend and divisor and utilizing the indi-~
cation of their relative magnitude, thus secured,
to select the proper ensuing operation. All over-
drafts, which have heretofore been necessary
only for control purposes, can theoretically be
eliminated by the use of such a mechanism, but
in practice it is not practicable to set the con-
trols to such a fine adjustment, and some over-
drafts do occur. These are, however, properly

. corrected by the mechanism provided.

Keyboard controlled mechanism

It will be recalled, from the description of the
accumulator mechanism of the present machine,
that when the carriage is dipped to bring the
accumulator in position for operation by the
actuating mechanism, the numerals registered
may be moved out of alignment with the sight
openings since each accumulator element as-
sumes a position indicating not only the value
registered on itself, but is also moved ahead to
indicate such partial increments of an additional
unit as have been transmitted to it from lower
orders by the entrained carry mechanism. It is
therefore necessary to provide mechanism for
forming a similar representation of the divisor
value. in the decimal orders selected for effecting
control of the operation. ‘

Levers 900 (Figure 89) carrying sensing shelves
901 are adapted to be proportionately positioned,
under control of the manually set selection mech-
anism”of a plurality of keyboard orders, so as to
form such a mechanical representation of the
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true rather than the decimal value set up in
one order and that to the right thereof.  Accord-
ing to the present invention, it is unnecessary
to transmit partial increments to each lever 900
from keyboard orders below the next adjacent
order, and no provision for it is therefore dis-
closed. )

Each sensing lever 800 (Figure 90) is pivoted
by pin 802 on a supporting lever 903 and is urged
to rock counter-clockwise by a torsion spring 904
tensioned between member 803 and the sensing
lever 903. The lever 360 includes a stop lug 905
(see also Figure 87) which overlies and engages
member 903 (Figure 90) to limit the movement
of the lever 900, and a blocking tail 906 is also
provided which may be positioned to permit a
gate 907 to rock in a clockwise direction and
prevent further actuation, or to block the gate -
from rocking and thus cause the machine op-
eration to continue, as will presently appear.

Supporting levers 903 are pivotally supported,
in each order, between adjacent brace plates
142, as appears in Figure 92, and each includes a
bridge 913. Upon an extension 914 of each bridge
913 is fixed a small sleeve 915 having a pin 916
siidably positioned therein, and also enclosing
a spring 97 adapted to push the pin to the left
to engage head 918 on the pin with the end of
the sleeve to limit the travel of the pin. The
pin of each order extends through a hole in
each brace plate into the lever 803 of the next
higher order to support b(ljth the lever 903 upon
which it is carried and the corresponding lever
903 in the next higher order. This construc-
tion, as contrasted with the use of a solid con-
tinuous line shaft, not only permits easy re-
moval of the parts for servicing, et cetera, but,

‘as will presently appear, permits certain mem-

bers to swing across the center line of pins 916.

A spring 920 (Figures 88, 89, and 90) urges the
assembly, including the levers 903 and the levers
800 with their sensing shelves 80! clockwise about
pivot pins 816 to normally hold them in an in-
cperative position. Each supporting lever 903
and sensing lever 980 may be rocked counter-
clockwise as a unit about the pivot provided by
pins 816 by a balancing lever 308 pivoted at 909
to the lever 883, and having limited movement
relative thereto. The lever 908 carries a pin
910 overlying a cam 91 pivoted to the shaft
912, The selection segment 132 is fixed to a hub
921 to which is also fixed a lever 922. A stud
923 passes through both the selection segment
132 and the lever 922 to strengthen them and
insure against their relative rotation. Carried
by the lever 922 is a pin 924 which projects
through a cam slot in the cam 941 to swing the
cam about its pivot 812 upon rocking movement
of the segment 132.

It will be recalled that the selection segment
is rocked by depression of the keys on the key-
board and that the amount of iis rocking move-
ment is determined by the value of the key de-
pressed. Therefore, the cam 841 is also rocked
an amount depending upon the value of the key
depressed, and its cam edge is stepped and grad-
uated to control rocking movement of the bal-
ance lever 908 through its pin 910. This con-
trols rocking of the lever 903 to elevate the lever
900 and the shelf 901 thereon to a degree also
depending upon the value of the depressed key.

The balance lever 908 of each order underlies
an extension 925 (Figure 88) of the selection
segment 132 of the adjacent lower order, the
connecting point between adjacent orders heing
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so disposed that movement of the segment in
any order will cause a movement of the lever 903
of the next higher order equal to one-tenth of
the movement of the lever 903 in the lower order
in -which the segment was moved to be effected.

By this arrangement, lever 800 with its sens-
ing shelf 901 may be raised about its pivot 902
a number of increments corresponding to the
setting of its selection segment (32, plus an ad-
ditional fraction of an increment decimally pro-
portionate to the setting of the adjacent lower
order selection segment. )

To avoid undue loading of the key section,
since the keys move the selection segments 132
directly, it is not desirable to move these levers
903 by the depression of keys, and since it is
also necessary to keep the sensing shelves 901 out
of range of possible interference with carriage
elements except during certain portions of the
division operation, mechanism is provided for
normally maintaining all of the levers 803 and
908 raised out of cooperative relationship with
cams 911 and for maintaining all levers 900 low-
ered sufficiently to avoid the possibility’ of con-
tact with any carriage parts.’

This is accomplished by mechanism including
a plurality of levers 930 keyed for limited lost
motion upon shaft 931 (Figures 89, 91, and 93),
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solely upon the digit set up in the highest keyboard
order in which g digit is set up; '

2. The shelves 901 of all higher orders will as-
sume a zero position;

3. The lever 908 in the order of the previously
mentioned selection segment of the highest order
in which a digit is set.up, and the extension 928
of the next lower selection segment, will jointly
cause the sensing shelf 801 associated with the
order in which the leftmost digit of the divisor

. is set up to be positioned so as to mechanically
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and having fingers 932 adapted to cooperate with .

lateral extensions 934 con levers 903. When the
machine is not operating in division, and in di-
vision, until the setting clutch operates, the fin-
gers 832 of members 930 are in engagement with
these extensions 934 and hold levers 903 rocked
about pins 916 in the position shown in Figure
91. This carries pins 910 of levers 908 sufficient-
ly clear of cams 911 and lifts levers 903 so that
. the levers 900 pivoted thereon are pressed against
a cross rod 935 and rocked clockwise against the
tension of springs 904 to lower the sensing
shelves 901 sufficiently to prevent their contact-
ing any carriage elements.

The sensing shelves 991 associated with all or-
ders to the right of the highest order in which
a divisor digit has been set up are blocked out
of operation and are not permitted to rise be-
yond the position in which they are held by. the
blocking mechanism. Connected by a separate
sleeve 936 (Figures 89, 91,'and 93) with each
of the members 930, is a member 937 having a
shelf 938 adapted to cooperate with a lug 939
on selection segment 132 of the adjacent higher
order so that if the segment 132 of that order
is advanced out of the zero position in which it
is shown in Figure 91, the lug will overlie the
shelf and prevent the member 931 from rocking
with shaft 93{, the loose keyway permitting its
retention in this manner, )

If one lever 937 is so blocked, all those to the
right of it will be similarly blocked even though
zeros are set therein, since edges 940 on each
lever 930 overlie each member 937 to the right,
as- is clearly shown in Figure 93, and all sleeves
936 to the right of a blocked sleeve are prevented
from rocking in this manner.

From the foregoing it can be seen that when a
divisor is set up on the keyboard and the shaft
931 is rocked counter-clockwise, the following
positioning of parts described will be assumed.

1. The extension 925 of the szlection segment
on which the leftmest, or highest digit of the di-
visor is set up will cause the sensing shelf 801 of
the nex: higher order to be positioned a fraction
of an increment above its zero position depending
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represent the actual value of the two. highest
digits of the divisor in thelr proper decimal rela-
tion of ten to one;

4. The sensing shelves 901 of all lower orders
will be blocked out of operation.

& The division control bail

The positioning of the sensing shelves 981 (Fig-~
ure 89) in and to the left of the orders represent-
ing highest digit of the divisor, when a divisor
is set up on the keyboard and shaft 931 is rocked,
effects control of the division operation. When
the aforementioned Shelves are positioned, that
shelf in the highest significant order, and the next
shelf to the left thereof, may control movement
of a bail 907 commonly known as a gate.

_ This gate is mounted for a swinging movement
about pins 942 (Figures 84, 89, 91) and extends
across the machine with a finger 943 extending
rearwardly in each order between levers 903 and
cooperating with adjacent blocking tails 906. Be-
fore shaft 931 is rocked, the gate is held away from
the blocking tails and out of a controlling position.
For a short period after shaft 931 is rocked, the
gate is held before being released. Then, when
the gate is released, it is pulled clockwise by spring
944 (Figure 84) until it engages one of the block- -
ing tails 906 or, if it does not engage any tail, rocks
through to that position shown in Figure 89,
wherein it is effective to stop or prevent main

clutch operation. However, so long as the gate is

in engagement with a single blocking tail 906 and
is prevented thereby from assuming that position
shown in Figure 89, the main clutch may operate.

The fingers 943 which engage the blocking tails
806 are each slightly shorter than the finger in

" the next order to the left. A blocking tail in one

order may therefore release the gate but the gate
may only swing slightly before it engages the tail
in the next lower order. The tail in that order
may then block the gate from swinging through
and so permits main clutch operation to continue.

The cooperation of the shelves 90f with the
accumulator mechanism, will be described
presently.

The gate 907 controls operation of the main
clutch. - A link 2115 (Figure 84) is pivoted at its
upper end to a lever 2116 mounted on the gate
pivot 942 and fixed for swinging movement with
the gate by means of a pin and slot connection:
2111. The lower end of the link 2115 is pivoted to
a lever 2118 which rocks about the stud 2119,
Thus, upon clockwise movement of the gate, the
link 2115 is lowered to rock the lever 21i8 and,
through its pin and slot connection with a short
lever 2120, imparts clockwise rocking movement
to a shaft 2121. Rocking of shaft 2121 is effective
to rock béll crank 2073 thereon (Figure 41), which
has one arm adapted to contact with a lug on arm
2124 fixed to shaft 626 and rock the shaft counter- -
clockwise to release the main clutch dog 395 from
restraining of the multicycle latch 632, stopping
the main clutch. A second arm of the bell crank
2073 is adapted to contact with a lug 945 on the
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main clutch engaging interponent 603 and rock
the interponent counter-clockwise about its pivot
604 on cam follower T46 to prevent its extension
615 from engaging the hook 616 of ttie main clutch
dog 395. This prevents engagement of the main
clutch by the setting clutch, unless the gate 9917 is
restrained by a blocking tail 908.

Initiation of division operation

The operation of the machine to perform a
division calculation is initiated by depression of di-
vision key 970 (Figures 76, 79, and 81). This key,
when depressed, is latched down and causes en-

_gagement of the setting clutch dog 394, condition~
ing of the reverse unit to ensure negative actua-
tion of the main actuator, including gears 189
therein and rocking of shaft 931,

The division key 970 (Figure 81) is mounted

upon a key stem 971 which is supported by paral- .

lel links 972 and 973 upon a frame plate in the
contro]l unit. The key stem 971 carries a roller
974 which lies in front of division control mem-
ber 915 (Figure 79). Member 915 is rockably
mounted upon shaft 976 and is urged clockwise by
a strong spring 9171 (Figure 76). When the di-
vision key is depressed, the roller 914 passes

beneath face 978 on the member 915 and spring”

871 rocks the member 915 clockwise until upper
roller 979 thereon contacts the main operating bar
503 (see also Figure 39) and depresses said bar to
rock the setting clutch dog 394, as has been pre-
viously explained. When the key is first de-
pressed, extension 980 (Figure 81) on link 913 is
brought into notch 981 on latch 982 and is held in
the notch by the pull of spring 883 on arm 984, in-
tegral with 982, until the stop key 988 is depressed
or until the last order is reached, as will appear.
The main reverse unit, previously explained in
connection with Figures 34 to 38 inclusive, is also
conditioned, upon depression of the division key,
to insure negative operation of the main actu-
ator. In Figure 79 a bellcrank 986 is shown
mounted for pivotal movement about stud 987.
When the division control member 915 is re-
leased and rocks clockwise, the roller 919 is
brought into engagement with the lower arm of
bellcrank 886 to rock it in a counter-clockwise
direction. Bellcrank 986 includes an extension
988 which overlies extension 987 (Figure 34) on
pendular lever 545, and this rocking of the bell-
crank 986 thus rocks the pendular lever in a
clockwise direction to condition the reverse unit
for negative operation. ‘ ‘
Rocking of the shaft 931 (Figure 89) and the
levers 930 and 937 thereon, is effected under the
control of the mechanism particularly shown in
Figures 84 to B6A inclusive. A member 990 is
fixedly keyed to the shaft 831 while another 291
is loose upon the same shaft. Latch member 992
is pivotally mounted on the frame at 993 and
Is urged by spring 994 into engagement with an
ear 995 on member 990 5o as to prevent prema-
ture counter-clockwise movement of shaft 93
to which the member 990 is keyed. These mem-
bers also include extensions 997 and 998 respec-
tively, for cooperation with a T-shaped member
999, pivotally supported on a rocking lever 1000
(Figure 95) pivoted on a shaft 501, and provided
with a slot embracing pin 936 on cam operated
lever 852. Upon rotation of main reverse cams
550 and 551 (see also Pigure 34) on the setting
clutch shaft 431, the T-member-999 is rocked
down and then up. Depending upon the lateral
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tively either the extension 991 on member 990, or
the extension 998 on member 991.

The T-member 999 is positicned by the divi-
sion control member 975, this member carrying a
pin 1005 (see also Figures 79 and 95) which ex-
tends into a slot in the end of rocking lever 1008,
the lever 1006 being pivoted on a stud 994 on the
right side frame. The T-member 999 carries a
projection 1007 which extends into a slot 1008 in
the lever 1006. When the division member 875
is rocked counter-clockwise, the T-member 888
overlies extension 297 while, when the division
member 975 is rocked clockwise, to start a divi-
sion operation, the T-member 999 overlies ex-
tension 998. With the T-member in the latter
position, rotation of the reverse conditioning
cams 550 and 551, is effective to bring the T-

‘member 999 into engagement with the extension

898 and cause counter-clockwise rotation of the
member 991 (Figure 85). Such movement of
member 991, which is freely munted on the shaft
031, first presses a lug 1010 on said member
against the latch member 992, rocking it away

* from the ear 995 and freeing shaft 931 for coun-
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position of the T-member, it may engage selec- 75

ter-clockwise movement, under influence of
springs 996 (Figures 89 and 91). The sensing
mechanism comprising levers 903 and 900 is
thereupon released to take up those positions de-
termined by the set up values as heretofore de-
scribed.

Such counter-clockwise rotation of shaft 831
enabling the sensing mechanism, is also effective
to lock the carriage against lateral shifting move-
ment (Figure 85). Member 990 keyed on shaft
991 is provided with an extension 102 against
which spring 1013 pulls lever 014, Lever 1014
is positioned adjacent the right hand frame plate
and includes an extension 105 which is notched
to engage a carriage brace plate 266 and retain
the carriage against shifting movement until
the extension (012 is re-rocked in a clockwise
direction so that the extension (015 assumes
that position shown in Figure 85. When the
sensing mechanism is enabled, therefore, the car-
riage can not be shifted until the sensing mech-
anism is returned to its inactive position.

The gate 907 (Figure 84) is also released upon
rocking of shaft 931 by a lever 1016 fixedly keyed
to the end of this shaft. When this shaft is
rocked, roller 1017 on lever 1016 rides up the
curved edge of lever 2116 permitting clockwise
movement of the gate 907 by spring 944, but to
ensure that the several sensing shelves and their
associated parts will have sufficient time within
which to arrive at the positions dictated by the
keyboard setting, the gate 907, although released
upon counter-clockwise rocking of shaft 931, is
temporarily held by other means until well to-
ward the end of the setting clutch cycle and after
the dipping of the carriage.

The several plates 214 (Figures 2 and 79) car-
ry a shaft 213 which extends across the machine
through all orders. Mounted upon a stud 1020
(Figure 84) on the control plate frame, is a de-
lay latch 102t which is urged in a counter-clock-
wise direction by spring 1022. When plates 214
are rocked in a counter-clockwise direction, upon
initial operation of the setting clutch, as has been
explained in connection with selection, the end
of the delay latch 1021 is released by movement
of the shaft 213 and is thereupon pulled in a
counter-clockwise direction by spring 1022 to po-
sition its shelf 1023 in front of a shoulder 1024
of lever 2116. This prevents lever 21i§ from
rocking in a clockwise direction and prevents
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the gate 907 from rocking into operation imme-
diately upon rocking of shaft 931.

At the end of the sefting clutch cycle, after
the carriage has been lowered by the carriage
dipping mechanism (Figure 46) and gears 271
and 189 are meshed, plates 214 are rocked clock-
wise and the shaft 213 returns to engage the
~ delay latch and force it clockwise to release gate
931 which is then pulled clockwise by spring 944
to engage one of its fingers 943 with the blocking
_ tail 906 in that order of the keyboard which is
in control.

Toward the end of the setting clutch cycle

(assuming that the gate 99T has been restrained
by a blocking tail 906), the cam 7147 (Figure 41)
will rock lever 146, moving the extension 615 of
interponent 603 into engagement with hook 616

on the main clutch dog 395 and rocking the said -
clutch dog to cause transmission of power

. through the main clutch.
The multicycle latch 632 then engages the
clutch dog 395, lever 20850 (Figuré 58) having been

rocked to permit it to do so, by a bellcrank on .

shaft 976 rocked clockwise by depression of the
division key (Figure 76) by arm (026 fixed to the
division lever 975 and having an \,a.r;IOZ'l engag-
ing a bifurcation in the lower end:of bellcrank
1025,

Operation of the actuator is thus initiated and
continues until the blocking tails: 906 are moved

to release the gate 901, or until the special stop

key, hereinafter described, is operated.

Accumulator controlled mechanism and
operation

The blocking tails 906 may be moved to re-
lease the gate 90T at the proper time, by ele-
ments of the previously described accumulator,

It will be recalled from the description of the
accumulator mechanism that when the carriage
is dipped to bring gears 211 (Figure 2) therein
into mesh with gears 189 in the actuator for
actuation, the numerals registered on the dial
shells may be moved out of alignment with the

sight openings 318 since each accumulator ele-

ment assumes an intermediate position indicating
not only the value registered ‘on itself but is also
advanced such a partial increment of an addi-
tional value as has been transmitted to it from
lower orders by the entrained carry mechanism.
The dial, therefore, in the first order of the

value set- up in the accumulator, registers not.

only its own order value, but the decimal value
of all lower values set in the accumulator.

It will also be recalled that snail cam 281 (Fig-
ure 22) moves with the dial shell and that lever
315 carries a roller 316 which may be pressed
against the periphery of the cam so that the
position of each-lever will be .a representation
of the value position of its associated dial. This
structure is used to control the release of the
gate 907 at the proper stages in division opera-
tions.

Each roller carrier lever 315 has pivoted there-
on, for limited movement, a lever 1040 (Figure
89) the nose of which can engage the sensing
shelf 901 in the aligned order of the keyboard if
that shelf is standing in either-a zero position, or
any position representing a value. Now, with the
first five orders from the left in the accumulator
reading “00024”, the noses of the first two levers
1040 will stand practically at a zero cam position,
the tail of the third will stand at a position cor-
responding to a 0.24 position on the cam 281, the
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fourth at a position corresponding to a 2.4 cam

» position, and the last at a 4.0 position.

10

15

20

If in the.first five orders, from the left, on the
keyboard are set “00008” and the shaft 931 is
rocked, the first three sensing shelves 901 will
assume their lowermost effective position, which
in practice should be about equivalent to a .5
registration. The fourth shelf 901 will be posi-
tioned at an .8 registration by the mechanism de-
scribed -earlier herein, and the fifth shelf will be
positioned at an 8 registration. Any remaining
levers at the right will remain out of blocking
relation with the gate, as previously set forth.

As the shaft 931 is rocked, the noses of the
levers 1040 in the first three orders in the car-
riage, will be pressed against the shelves 901 and
reck levers 900 clockwise so that the tails 906

. thereof will be ineffective to block the gate. How-

ever, in the fourth order, the tail of the com-
pounding lever will stand at a 2.4 value. Since
this is a greater value than the .8 represented by
its cooperating and opposite shelf 801, it will

. not contact this shelf 984 and the blocking mem-
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ber in this order, termed the “tens” order, will
restrain the gate and the gears 189 will drive
gears 271 negatively to subtract “8” from “24.”
During the first cycle of subtraction, in the
foregoing example the remainder in the accumu-
lator will be reduced to “16,” the dial in the fifth
order being driven backward from “4” through
“0” to “6.”” Since its original 4. registration
was, in the first place, less tl}an the 8. registered
on the aligned keyboard order, the original rock-
ing of the shaft 931 pressed the shelf 901 of this
order against the nose of aligned lever 1040 so
that the blocking tail 966 was moved out of the
path of the gate 807 leaving said gate restrained
by the blocking tail of the next higher order
alene. As this dial passes from “0” to “9,” in this
first cycle, the conformation of cam 281 permits
the spring 904 to raise the shelf 901 high enough
to carry the blocking tail 986 into the path of the
gate 807, but this is only a temporary condition,
for as the dial progresses to its final 6. position,
the cam 281 again raises the blocking tail out of
the path of the gate. It should be noted, how-
ever, that the progressive shortening of the fin-
gers 843 of gate $07, previously referred to, per-

mits hlocking tails to the right of the one which . -

is holding the gate to drop into holding position
at any time prior to full release of the gate.

Although the position of the lever 315 in: the
fourth order of the accumulator is changed from
a 2.4 registration to a 1.6 registration during this .
first cycle, its aligned sensing shelf is positioned
at .8 and hence is not moved out of blocking
relation with the gate. A second subtraction
cycle therefore ensues.

During this second subtr act1on cycle the posi-
tion of the lever 315 in this fourth order of the
carriage is changed from a 1.6 registration to a
.8 registration equaling the .8 registration posi-
tion of the aligned sensing shelf, but still failing
to rock the lever 508 to remove the blocking tail

% thereof from the path of the gate 807.

The lever 315 in the fifth order of the carriage
is moved, during  this second subtraction cycle,
from a 6. registration downward to a 0. registra-
tion, upward to a 9. registration, and back down-
ward to an 8. registration. The upward move-
ment permits its associated blocking tail 906 to
meve into the path of a finger 943 of the gate 907
and the subsequent downward movement is in-
suflicient to remove it from that position, so that
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at the close of the cycle both the fourth and fifth
blocking tails 806 lie in the path of the gate 907
and another subtraction cycle ensues.

During the very first part of the third sub-
traction cycle, the downward movement of the
fifth lever 315 in the carriage will be sufficient
to remove its associated blocking tail 906 from
the path of gate 907, leaving the gate held by
the fourth blocking tail alone.

The registration of the fourth sensing shelf and
its cooperating carriage lever were equal at the
end of the second cycle, so that further lowering
of the carriage lever during the third cycle im-
mediately begins to rock the lever 960. A small
movement of this lever is sufficient to remove
its blocking tail from the path of the gate 807
which, thus released from restraint, is pulled
clockwise by spring 944 rocking shaft 2121 (Fig-
ure 84) clockwise, and thereby rocking bellcrank
2073 (Pigure 40) to carry the multicycle latch 632
away from the main clutch dog 395 and thus
arrest operation of the main clutch.

In order to insure proper movement of “tens
order” blocking tails, a compounding tip for lever
315 is provided in lever 1040 (Figure 89), pivotally
mounted thereon. When cooperating with a

sensing shelf in any registration from “two” to

“nine,” lever 1040 assumes a clockwise position
abutting the stop 1045 on lever 315. As the lever
318 moves from a “one” to a “zero” registration,
however, the tail 1041 of lever 1040 is pressed
against the cross rod 268 so that the lever 1040
is rocked counter-clockwise on the lever 315 and
its tip describes an arc about three times as long
as between other positions. When functioning
as a “tens order” control lever, the throw-off is
always between “one” and “zero” and the com-
pounding lever is brought into play for such
control.

Rocking of the main clutch dog 395 by its
spring 612 initiates operation _of the restore
clutch 700 in the manner previously described.
Certain additional functions are performed un-
der control of this clutch in division operations.

During the restore clutch cycle the dipping
carriage is raised, and a link 846 (Figure 76) is
moved to the left by cam 849 rocking lever 841
(see also Figure 78) counter-clockwise about its
pivot 816. This operation rocks the division con-
trol member counter-clockwise by means of a
bellcrank 1042 pivotally mounted on lever 8471
and having a notched end adapted to engage
the lateral extension 1021 on the member 975.
A second bellcrank 1044 is freely mounted on
shaft 976 and has one arm previded with a slot
embracing a pin 1046 on the bellcrank 1042. A
spring 1045 tensioned between the other arm of
bellcrank 1044 and the frame, holds the bellcrank
i042 in position to engage the extension 1027

. during the first part of the movement of eam

849, but causes the bellcrank {042 to be rocked

s0 as to override and miss the extension 1027
when the member 815 is in the position shown in
Figure 76 when the cam operates. This move-
ment of the member 915 carries its pin 1005 (Fig-
ures 77, T7A and 95) to the right, rocking lever
1008 (Figure 95) and, through lug 10071, the mem-
ber 889, so that the T-shaped hegd of the latter
overlies the lug 997 of member 990 (see also
Figure 85) keyed to shaft 931.

The division-member 978 is retained in its left-
ward position by latch lever 1050 (Figure 79)
which is urged by spring 1051 to engage a lateral
extension 1052 on the division member. The
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division control member remains latched in this
vosition during the remainder of the division
operation in that carriage position.

Return of the division member 975 is effective
to set the reverse unit for positive actuation, and
open the setting clutch for another cycle of op-
eration. Division member 915 carries a link 1058
(Pigure 79) provided with a notch 1055 which,
upon the first forward movement of the division
member, is spring urged into engagement with
extension 1056 on a bellicrank 1057. Upon return
of the division member, the bellerank 1057 is

'rocked in a clockwise direction so that extension

1058 thereon presses down upon the main oper-
ating bar, as appears in Figure 39, to start a
second setting clutch cycle. The bellcrank 1087
also carries a roller 1053 which, upon clockwise
rotation of the bellcrank engages the pendular
lever 545 (Figure 34) and rocks the link 547 to
set the reverse unit for positive operation of the
actuator by the main clutch.

Movement of the link 846 by the cam 848 (Fig-
ure 76) also rocks the gate 907 so that it may be
relatched by the blocking tails if an overdraft
has rendered the digits registered in the accumu-
lator greater than those set up on the keyboard.
For this purpose link 846 is provided with an
extension 1060 adapted to rock an arm (064
pinned to shaft 2121 and thus to rock the gate
907 (Figure 84) through levers 2120 and 2118
and link 2115. If the gate is not latched by the
blocking tails, however, it will rock back as soon
as the cam 849 permits it to do so, at the end of
the restore clutch cycle.

As the restore clutch cycle terminates, the gate
807 is released unless it is held by the blocking
talls, and is free to rock forward under the pull
of springs 944, If the gate can pass through,
as in the foregoing problem where there was no
overdraft, bellcrank 2073 is rocked and inter-
ponent 6§03 (Figure 41) is moved by the initial
rise of cam T41 so that it will pass beneath and
miss the main clutch dog and main clutch actua-
tion will not occur. If the gate is blocked, how-
ever, a main clutch actuation follows. The main
clutch actuation, controlled by opening of the
main clutch dog, depends upon whether or not
an overdraft has occurred, for if an overdraft
has taken place, it is necessary that a positive
operation follow.

The initial small rise of the main clutch open-

.ing cam 741 (Figure 41), either hooks the ex-
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5 contact with the carriage elements.

tension 615 of the interponent 612 into the hook
616 of the main clutch dog 395 so that the main
clutch will be actuated or else carries the exten-
sion under the hook so that operation of the dog
can not take place. As the setting clutch cycle
proceeds, the main reverse cam lever 552 (Fig-
ure 95) not only sets the reverse unit for posi-
tive rotation, but also rocks lever 1000 lowering
member 998 which engages lug 997 and rocks
shaft 931 to restore the sensing shelves 901 to
the position in which they are shown in Figure
91, in which position they are lowered out of
The shaft
931 is held in this position by the latch 892 (Fig-
ure 85). Rocking of the member 990 also brings
its arm. 1012 (Figure 85) against lever 1014 rais-
ing its extension 1815 out of locking relation with
the carriage so as to permit a shifting operation.

In any event it is necessary that the corrective
positive actuation, if initiated, be limited to a
single cycle of operation. The corrective actua- -
tion takes place at a time when the division con-
trol member 915 is in its leftward position, as
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illustrated in Figure 76. In this position of the
division control member 915 an ear 1027 at the
lowermost end thereof rocks the lever 1025 (Fig-
ure 58) counter-clockwise through its engage-
ment with a notch formed in the lower arm of
said lever. This counter-clockwise movement of
the lever 1025 permits movement to the left, of
lever 2050 which carries ear 2053, to overlie the
member 2051 and through the ear 2049 and the
main clutch multicycle latch 632 (see also Fig-
ure 40) thus preventing engagement of the multi-
cycle latch with the main clutch dog in the man-
ner that has been described in connection with
the multiplication operation. The main clutch

dog therefore arrests operation of the main clufch -

after a single cycle of operation, and a second
restore clutch operation proceeds in the usual
manner. '

If such a corrective cycle is not initiated, the
restore clutch will be automatically engaged to-
ward the end of the setting clutch cycle. Since,
in such an operation, the main clutch dog 395
is not removed from the position in which it is
shown in Figure 49, its extension 408 prevents

any engagement of the latch member 701 under .

the M-shaped member 703 controlling the restore
clutch, and as the carriage is dipped, engage-
ment of the restore clutch is prevented only by
engagement of the cam-rocked bellcrank 721 with
the extension 720 of the M-shaped member. As
the setting clutch cycle draws to a close, the cam
708 permits its bellcrank 7121 to recede from
under the extension 720 and, since the latch 104
is already held released by the extension 409 of

the main clutch dog 395, the tensioned link unit :

123 will cause the restore clutch to be engaged
immediately.-

Operation of the restore clutch causes the dip-
ping carriage to be raised and initiates an auto-
matic carriage shifting operation through mech-
anism described in detail hereinafter.

An interlock is provided to prevent depression
of the division key while the carriage is dipping,
as a result of any operation other than a division
operation. This interlock is accomplished by a
member (110 (Figures 75 and 96) which is piv-
oted at 3771 and has a bifurcated end embracing
a pin 1712, which pin is carried by link 1713 (see
also Figure 46). This link is moved to the left

upon dipping of the carriage by means of lever -

1114 keyed to shaft 600 which is rocked counter-
clockwise upon the dipping operation, as has been
previously described. Thus dipping of the car-
riage causes the blocking member (710 (Figure

96) to rock clockwise sufficiently to brmg its left

hand end behind an ear on the upper. end of
lever 1804 which lever is keyed to shaft 1256,
thereby preventing clockwise rotation of said
shaft which must occur upon depression of the
division key as is illustrated in Figure 81. When
the division key is depressed, the lever 1804 is
moved clockwise before the carriage dips and
consequently before the blocking member 1710
swings clockwise so that the blocking member
is ineffective in division operation.

Before proceeding to a description of the au-
tomatic carriage shifting it may be well to give
an example of the sort of division problem in
which an overdraft would occur and be corrected,
since the problem considered did not result in an
overdraft. Assuming a dividend of 0002402, let
us assume a divisor of 0000801, so that at the end
of the second cycle of subtraction the dividend
will be reduced to 0000800. According to the
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will be effected in the fourth and fifth orders
from the left only, and will not be affected by
the registration of a “one” in the seventh order
of the keyboard, since this figure appears to the
right of a significant digit and is thus rendered

ineffective by the blocking mechanism compris-

ing shelves 901 (Figure 89).

The comparing mechanism which is in actual
control will therefore be adjusted exactly as it
was in the preceding problem, and a third sub-
traction cycle will be initiated in the same way.
Since the 801 divisor is greater than the 800 divi-
dend, however, this third subtraction cycle will
produce an overdraft and necessitate a corrective
cycle of operation of the main actuator in the
positive direction.

It will be recalled that the gate 907 is released
at the end of the restore clutch cycle. At that
time the dipping carriage is in its upper position,
and if an overdraft has taken place, all dials to
the left of the first significant digit will show a
“nine” ‘aligned with the carriage cover sight
opening. Levers 316 (Figure 89) may therefore
rise in these orders until the rollers 316 contact
the lowest points of cams 281, permitting all the

‘blocking tails 906 associated with them to be

rocked by spring 904 into the path of gate 901,
sensing shelves 901 being arranged at such an
angle with respect to levers 1040 that it makes
no difference in the positioning of the blocking
tails whether the dipping carriage be lowered
or raised at the time of sensing. i

- Under these conditions, gate 907 will be re-
strained by the leftmost blocking tail, and the
right arm of bellcrank 2073 (Figure 41) will be
held out of the path of lug 945 on the interponent

612, permitting the extension 615 thereon to ef-

fect engagement of the main clutch for the cor-
rective cycle, as hereinbefore described. At the
end of the main clutch cycle the restore clutch
is engaged in the usual way, described in con-
nection with that clutch, and an automatic car-
riage shifting operation is initiated through the
mechanism described in detail hereinafter.

Operation of carriage shifting in division

The mechanism for initiating an automatic
carriage shifting operation in multiplication has
been previously described in detail, and functions
similarly in division. During the second cycle
of operation of the restore clutch in each car-
riage position, counter-clockwise movement of

lever 570 (Figure 46) carries its lug 1386 against:

the end of link {377 (see also Figure 94) moving
sajd link to the left to initiate operation of the
carriage shifting mechanlsm as previously de-
scribed.

The first cycle of operation of the restore

* clutch in each carriage position does not initiate
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operation of the . carriage shifting mechanism
because, at that time the division control mem-
ber 818 stands rocked clockwise from the posi-
tion in which it is shown in Figure 94, and the
stud 1065 on said member has lifted ‘the left end

“of link 1317 depressing its right end below the

path of movement of lug 1386. Later in the first
restore clutch cycle, however, the member 915
is rocked counter-clockwise and latched in the
position in which it is shown in Pigure 94, as
previously described, removing the stud I065
from under link 1377 and permitting spring 1382
to rock the link through member 1382 until it
abuts the under side of lug 1386. Subsequent dip-
ping of the carriage by the setting clutch, pre-
paratory to a possible correction - cycle, then
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moves lug 1386 to the right permitting link 1377
to be rocked still further and to thus be brought
into the path of the leftward movement of lug
1388 during the following cycle of operation of
the restore clutch. The carriage is thus moved
one step to the left bringing another digit into
the “effective dividend.”

Operation of the shifting mechanism, thus
initiated, 1s automatically limited to a single
cycle, and the division mechanism is automati-
cally restarted at the end of that cycle. About
the middle of the carriage shifting cycle, the
floating cam 1334 (Figure 69) rocks lever (350,
as has been described in connection with the
shifting mechanism proper. Bellcrank 1381
{Pigure 94) pivoted on shaft 1388, has one arm
adapted for engagement by a pin 1356 on mem-
ber {358 and has its other arm provided with an
extension 1389 underlying the shift control link
1311, Clockwise rocking of the bellcrank (387
therefore rocks the link 1377 to depress its right
end and carry it clear of lug 1386, thus permit-
ting centralizer 1410 to disengage the shift power
transmission at the end of the cycle, and also
lifts the latch 1050 (see also Figure 79) freeing
the division control member 915 which is there-
upon rocked clockwise by its spring 917, restart-
ing subtractive operation in the new carriage po-
sition as soon as centralizer 1410 has moved into
the position in which it is shown in Figure 94 so
as to carry the interlock lever 1416, attached to
the centralizer by link {418, out from under lug
1420 on the main operating bar link 505 (see also
Pigure 39).

During the division operation the short-cut
key is blocked out of operation and operation of
the non-shift key is disabled. As appears in Fig-
ure,74, a bellcrank 1255 is carried by the shaft
1258 which is rocked by depression of the division
key 910 (Figure 81) in a manner to be described
hereinafter. This bellecrank 1255 forms the sup-
port for the latch 1241 described in connection
with the non-shift key (Figure 71). As the di-
vision key 910 is depressed, the bellcrank 1255 is
therefore also rocked in a clockwise direction and
the latch (241 carried thereby is moved to the
right from its normal position overlying ear 1244,
permitting it to be rocked counter-clockwise by
its spring 1243 until an ear 1251 thereon engages
the bell crank 1255. Bell crank (255 carries latch
1241 to a position wherein it is wholly ineffective.
The bellcrank (255 has also a pin and slot con-
nection (257 with a lever 1258 pivoted on the
shaft 162, The lever 1258, as is also illustrated
in Pigure 83, has an arm 260 which, upon the
counterclockwise movement of lever 1258 caused
by rocking of the bellcrank 1255, will underlie a
shelf 1128 on the lower end of the short-cut key
stem {121 to prevent depression of said key dur-
ing the division operation.

The mechanism for manually initiating a car-
riage shift in either direction is also disabled
during the division cycle by means illustrated in
Figure 70. It will be recalled that upon depres-
sion of either of the manual shift keys 1405 or
1406, the link i483 is moved laterally to operate
the control member 1315 by means of its notch
1414 engaging said control member. During the
division operation, this link 1483 is lowered suf-
ficiently to carry the notch 1474 thereon out of
engagement with the control member 1315. In
order so to lower the link 1483, the division key,
as illustrated in Figure 81, upon being depressed,
rocks the left hand end of lever 873 upwardly to
pull a link 965 pivoted thereto to the left. This

20

25

30

35

40

60

75

2,271,240

link is pivoted at its opposite end to a lever 1026
which is fixed to shaft 1256 and has a connec-
tion with the upper end of link 1476 which link
is plvoted at its lower end to the link 1483.

The mechanism for predetermining the direc-
tion of automatic shifting in multiplication is
rendered ineffective in division operations by
means of an ear 8Tla (Figures 75, 76, and 94)
on the division key 971 which, upon depression
of the division key, may be brought into contact
with member 1383 to rock the latter into cooper-
ative engagement with ear 1384, if it is not al-
ready so set. Upon release of the division key,
the setting of member 1383 will again be under
the control of keys 1201 and 1202 as hereinbefore
described.

Termination of operation

This repetitive tour of operations is repeated
in each successive carriage position until the
carriage reaches its leftmost position, when fur-
ther operation of the carriage shifting mecha-
nism is prevented and the machine is brought to
rest. As the carriage moves into its leftmost
position, projection 1570 (Figure 81) on the right
carriage end plate 25§ contacts the under side
of the cam end 1571 of lever 1572, rocking the
lever counter-clockwise against the tension of
spring 1573.

During division operations, with the carriage
in its leftmost position, the division key will be
unlatched and permitted to rise. A third arm
of lever 1512 underlies a lateral extension 1061
on the upper end of bellcrank 1068 pivoted at
1069 to the division key latch 382, When the
lever 1512 is rocked by the carriage, bellcrank
1068 may be rocked by spring {070 to hook its
other arm around lateral extension (056 of the
bellcrank (057 (Figure 79)., This bellcrank, it
will be recalled, is rocked by link {054 during the
first restore clutch cycle in each order for the
purpose of inlitiating a setting clutch cycle. If
the end of bellcrank 1068 (Figure 81) be hooked
over its extension 1066 during such rocking, the
bellerank 1057 will be pulled to the left, rocking
the latch member 982 counter-clockwise about its
supporting shaft {222 and releasing the lateral
extension 980 of lever 913, permitting the divi-
sion key 910 to be raised by its spring, since
member 975 (Figure 79) is concurrently removed
from its position overlying roller 874 on the di-
vision key stem. The machine is'thus completely
conditioned for subsequent operations of any
character.

Interruption of division operations

A division operation may be terminated at the
conclusion of operations in any carriage posi-
tion by a single depression of the stop key 985
(Figure 80), leaving the quotient digit in that or-

der accurately registered, or it may be termi-

nated at once by two successive depresssions of
the same key, which may possibly leave an inac-
curate quotient digit in the counter. This mode
of operation is planned to take advantage of the
instinctive action of the operator, who will nat-
urally strike the stop key a second time if the
machine fails to stop as soon as was desired
when the key was first struck.

The stop key 985 is slidably supported upon
pins in the frame and is provided with a right
angular portion 366 which overlies a lever (013
connected by means of a pin and slot with a lever
1076 mounted on the same hub as a bellcrank
1071 (see also Figure 81). Upon depression of
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the stop key the bellcrank 1077 is, through the
_ levers described, rocked in a counter-clockwise
direction. A link 1079 connected with the down-
wardly extending arm of the bellerank 1077 and
normally urged upwardly by a spring 1088, is

38

depressed when the machine was not under
power. .
Lever 1076 (Figure 80), connected by a sleeve

. with bellecrank 1071, carries a broad-headed pin

(4]

moved to the right by this counter-clockwise

movement of the bellcrank 1071. A spring 1078,
urging the bellcrank 077 in a clockwise direc-
tion, also serves, through the levers described, to
maintain the stop key in its raised position.

The link 1079 carries a shelf 1084 engageable
with the tail 1086 of the division key latch 982,
and is limited in its upward movement under
tension of the spring 1080, by an ear 1085 formed
on & lever 10871. The lever {087 is pivoted on the
shaft 1222 which carries the division key latch
982, and has but a limited swinging movement
relative to said latch so that for the present pur-
pose it may be considered as an integral part of
the latch. Upon the first depression of the stop
key the link 1079 is moved to the right carrying
its shelf 1084 against the lower end of the tail
1086 of the division key latch 982. This swings
the division key latch counter-clockwise, releas-
ing the division key to rise slightly until its roller
974 (see Figure 79) meets the under side of the
division control member 975.

Being released from its latch, the division key
970 is permitted to rise as soon as the division
control member 975 has been moved to the posi-
tion in which it is shown in Figure 79. This oc-
. curs during the next cycle of operation of the re-
store clutch and the roller 3974 on the division
key stem is then brought into blocking relation
with the member 915, preventing operative move-
- ment thereof after its release from the latch
1050 (see Figure 79) by operation of the shifting
mechanism. Upon being released by latch 1050,
however, the member 915 moves slightly to the
" right against the roller 974, thus preventing the
reengagement of the latch. The division opera-
tion is therefore interrupted upon a single de-
pression of the stop key at the conclusion of the
first shifting operation subsequent to the de-
pression of the key, but. the last quotient digit
is correct.

A second depression of the stop key, after the
latch 982 has been tripped, also moves the link
1078 to the right. It will be recalled, however,
that upon the first depression of the stop key the
member 982 (Figure 81) was moved in a counter-
clockwise direction; thus the lever {081 was
swung upwardly and its ear 1085 permitted the
link 1078 to rise slightly. This rise of the link
10719 is sufficient to cause its right hand end to
engage lateral extension 2126 on a downward
extension of lever 2117 fixed to shaft 626.

As shown in Figure 41, the multicycle latch 632
is also fixed to shaft 626, so that movement of
this shaft by the link 1079 releases the main
clutch dog 395 and thus immediately arrests op-
eration of the main clutch and initiates opera-
tion of the restore clutch. The operation is then
terminated as in.the case where the stop key was
depressed but once, a positive cycle of actuator
operation intervening in appropriate cases.

Miscellaneous functions of the stop key

The stop key may be used to reset the add con-
trol member 128 (Figures 55 and 80) in the event
that it has been released by depression of the plus
or minus bars while the machine is not under
‘power. The stop key also may be used to release
any multiplication keys  which may have been
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1091 lying in a slot.in a link 1092 pivotally con-
nected to the lower end of control member 728.
The slot of the link 1092 permits member 128 to
rock in its normal positions without interference
from the pin 1091, but rocking of lever 1076 by
depression of the stop key 985 will, if the mem-
ber 128 has been released, restore it to the posi-
tion in which it is shown in Pigure 80, where it
may be relocked by the lug 126 (Figure 54).

To release any multiplier keys which may have
been depressed and left down while the machine
was not under power, a link 10713 is pivoted to
the lower end of lever 1076 and rides over a
frame stud 1074 to maintain its left end in a po-
sition where an ear 10715 thereon may engage
and actuate the multiplier key latch bar 2055 de-
scribed in detail in connection with Figures 59
and 62. '

Relatching of the division control member 975
under similar conditions, may be effected by

- pressing the ear (093 (Figure 79) to the right by

means. of a tool. This first rocks the small lever
1094 counter-clockwise around its pivot 1095 on
the lower part of control member 915, and brings
an upper ear 1096 of the lever against lever 1062,
raising it and thus raising link 1054 to prevent
rocking of bellerank 1051 by movement of mem-
ber 915. The ear 1093 then strikes an ear 1097
on the member 97§ and further movement of the
tool to the right, rocks member 915 back toward
the position in which it is shown in Figure 79,
where it may be held by latch 1050 until the re-
lease of the division key 970 by depression of
the stop key 985. As the division key rises, roller
974 thereon first moves to block member 975 and
then raises the latch member 1050 to release
member 875 from the latch, leaving it restrained
by roller 974 alone, and ready for operation upon .
depression of the key.

Counter mechanism

A counter mechanism is provided in the upper
portion of the carriage (Figures 1 and 16) so that
the number of operations performed in addition
or subtraction may be recorded, the mechanism
also serving as a multiplier register in multipli-

‘cation operations and as a quotient register in

division operations.
' . Counter control

The character of count in the counting regis-
ter is controlled by lever 1808 (Figures 1 and 96).
When this lever is in its forward or leftward posi-
tion, counting register 1800 will give a comple-
mentary or negative count of multipliers in case
of multiplication, and of quotients in the case of
division; while, when lever 1803 is moved to its
rearward or rightward position, the counter will
give a direct or positive count of multipliers in
multiplication and. a direct count of quotients in
division, :

The construction of the counter actuator for
register {800 will now be described, while the con-
struction of the counter mechanism will be con-
sidered presently.

A slide 1812 (Figures 97 and 98) is supported
in the slotted end of shaft 1819 and includes a pro-
jection 1814 which can be selectively engaged with
slot 1815 provided in gear 1816 and slot 1811 in
gear 1818 mounted on shaft 1819 which extends
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across the machine to a counter actuator to be
described in connection with register 1800.

Gear 1816 is driven directly by gear 491
(Figures 96, 97, and 52) from the main clutch,
while gear 1818 is driven through gear 492 and
idler 1828. Whenever the main clutch is ro-
tated, therefore, gears 1816 and 1818 will be ro-

tated in opposite directions, so that when the’

projection 1814 is engaged with the slot in gear
1818, it will be driven by that gear in one direc-
tion, while, if it is in the slot in gear 18186, it will
be driven in the other direction, drivng gear 1821
keyed to shaft 1819 selectively in opposite direc~
tions. The gear train, including gear 1822, is thus
reversed in its direction of rotation to rotate shaft
1823 in either a clockwise or a counter-clockwise
direction. The ratio between the gears is such
that finger 1824 (Figures 96 and 97) will de-
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scribe a complete cycle for each half revolution .

made by the main clutch. This arrangement re-
sults in the counter dial in register (800 being
advanced one full increment for each main clutch
cycle, although this main clutch cycle is completed
in only a half revolution.
The relation of the gearing is such that, upon
" additive rotation of the twelfth, quarter, and half
speed shafts, with projection 1814 in the slot in
gear 1816, the counter actuating finger moves the
counter dial in the same direction as the accumu-
lator dials while, with the projection 184 in the
slot in gear (818, similar actuation results in the
dials being moved in the subtractive direction and
complementary figures being entered in the dials.
The direction of rotation of the counter dials

is under the control of the radial cam on lever

1808. This cam operates in a notch in a slidable
shaft 1810 which is supported by a sleeve I8{1 in
the right side frame plate 610 and by a bracket
1806 attached to the plate 1886. One end of shaft
1810 is keyed into the flat slide 1812 by enlarged
portion 1813, whereby lateral movement of the
shaft 1810 moves slide 1812, but rotation of the

slide with respect to the shaft is permitted. This
' cam lever 1808 has an extending double offset end
1828 which shifts shaft 1810 to set the counter
dials for rotation in the same direction as the
accumulator dials, and another portion 1826
whereby the dials are set for rotation in the op-
posite direction to the accumulator dials.

In division, the counter drive is reversed with
respect to the accumulator dials and lever 1808
is automatically moved by shaft 1256. As pre-
viously described, shaft 1256 (Figure 96) is rocked
clockwise by depression of the division key 910

(see also Figure 81). Lever 1804 is pinned to this -

shaft and upon clockwise rocking of shaft {255
pushes lever 1835, which is loose upon the shaff.
to the rear against the tension of spring 1801
which urges lever 1804 counter-clockwise while
spring 1806 pulls the two levers together.

The direction of operation of the finger 1824
is also under the control of lever 1803 which is
positioned at the right hand side of the k>yboard
and is pivoted on the right side frame. The lever
is centralized in either of two positions by a lever

- 1837 pivoted at 1838 and urged in a clockwise di-
rection by spring 1839, This lever has a nose 1870
engaging a projection 1871 on the lever 1893 to
retain it in either position in which it may be set.

A short link 1812 pivoted to the lever 1803 is also 7

pivoted to a depending link 1873 which latter link
is pivoted at its lower end to the lever 1825, A
link 1807 extends from a pivot 1849 at the center
of the link 1873 to a downwardly extending end of
lever 1808. ] :
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Thus the character of count in the counting
register is controlled by lever 1803. When this
lever is in its rearward position the counting
register will give a direct or positive count of
multipliers, in case of multiplication, and of quo-
tients in the case of division, while, when lever
1803 is moved to its forward position the coun-
ter will give a complementary or negative count
of multipliers in multiplication and a comple-
mentary count of quotients in division.

In order to obtain a direct count in multipli-
cation operations, it is necessary that the coun-
ter dials be driven in the same direction that
the accumulator dials are driven, while, to ob-
tain a direct count of quotients in division oper-
ations, it is necessary that the counter dials be
driven in the opposite direction to that in which
the accumulator dials are driven. This requires
a reversal of the counter drive upon the initia~-
tion of the division operations so that in which-
ever position lever 1803 stands, the interchange
from the proper direction of actuation of the
counter for multiplication to the proper actua-
tion for division is automatically secured. In
the present machine this is accomplished with-
out moving the lever 1803 from its rearward
position.

As previously described, shaft 1256 is rocked
clockwise during division. Lever (804 is keyed
to this shaft 1256. Lever {804, upon clockwise
rocking of shaft 256, pushes lever 1805 to the
rear, bringing the connection point 1849 of link
{807 to position B from ppsition A so that the
counter dial will be driven in the opposite direc-
tion to that in which the accumulator dials are
being driven. With the lever 1803 in the for-
ward position and point 1849 in position B, a
similar movement of lever 1804 would serve to
bring connection point 1849 in position C in
which the counter dials would be driven in the
same direction as the accumulator dials and
would thus record the complement of the quo-
tient, rather than the direct quotient. Thus,
upon division, that character of result is entered
into the counter register which is called for by
the lever 1803, even though the drive in division
is reversed.

Immediately upon operation of the circuit con-
trolling means, bellcrank 385 (Figures 28 and
96) is rocked on shaft 386 and projection 1827
thereon is brought down to engage either notch
1828 or 1829 to retain link 1807 rocked until the
circuit is reopened, thus preventing reversal of
the counters upon release of the division key, but
before completion of the operation.

The counter actuator finger 1824 serves to op-
erate the counter one step for each cycle of ac-
cumulator actuation and, as the carriage is shift-
ed across the machine, the gear 1880 in each
order is selectively presented to the actuating
finger (Figure 96). This finger is mounted on
lever 1830 which is rotated by an eccentric 1811
on shaft 1823. The finger is supported interme-
diately by pin 1835 while the lever is supported
by pin 1838 so that the finger is moved to engage
and rotate the. particular gear 1880 presented.
The gear (880 is selectively reversed by revers-
ing the direction of rotation of the eccentric. In
one case the finger is moved toward the gear,
then up and back to drag the gear around. In
the other, the finger is moved forward and down,
to push the gear around in the opposite direc-
tion, and then out of engagement, and back.
The finger is retracted from the gear 1880 after
each single actuation so that the counter dial is
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moved one step at a time, each successive coun-
ter dial unit to the left of that unit actuated by
finger 1824 being moved as hereinafter described.
A lever 1833 is supported from pin 1836 and is
biased by spring 1834 against a surface on the
carh 183! to centralize the eccentric 18/l and
thereby the finger 1824.

The counter mechanism proper includes a plu-
rality of dials 1815 which may be observed
through sight openings 1874 (Figure 16) in the
accumulator carriage. The construction of these
dials is similar to that of the accumulator mech-
anism dials to which reference may be had for a
detailed description of the construction thereof.
The construction of the counter register 1800 is
practically the same except as hereinafter noted.

In the present case, the dials are mounted upon
shaft 1867 (Figure 21) extending through end
plates 251 and brace plates 255. Each order of
the counter unit includes a gear 1811 rotatably
mounted upon a shaft 1878 being engaged with
a gear 1819 and its cooperatively associated
counter dial 1815.
gear 213 in Figures 19 and 25. Gear 1817 is also
in mesh with a gear 1880 which, ig each actuated
order in the counter 1800 may be engaged by the
actuating finger 1824,

Immediately prior to each operation of the
counter dials, either clockwise or counter-clock-
wise, roll carriers 1881 (Figure 22) are freed from
spring tension to permit rollers 1882 to move out
of contact with and out of the path of snail
cams (883. This occurs, upon each dip of the
dipping carriage, only in the operated order and
all orders to the left thereof. This obviates the
strain on the mechanism which would result if
the rollers had to be backed up the steep rise in
the cam in additive operations.

The levers 1884 are rocked against the tension
of their springs 1885 upon each carriage dipping
by a member 1890 carried by bellcranks 1891 on
shaft 542 (Figure 23). The belleranks lie be-
neath dipping bail 269 so that each time the
carriage dips, member 1890 rocks counter-clock~
wise to rotate levers 1893 on shaft 1894 and rock
levers 1884 opposite to such of the levers 1893
as are engaged by member 1890. Roller carrier
levers 1881, being held against the snail cams
only by spring 1885, are thus freed from this

tension and do not interfere with operation in :

. either direction.

The following copending applications claim
certain subject matter disclosed but not claimed
in the present application: Serial Number
104,471, filed October 7, 1936; Serial Number

' 228,613, filed September 6, 1938; Serial Number
305,311, filed November 20, 1939: Serial Number
314,597, filed January 19, 1940; Serial Number
315,055, filed January 22, 1940; Serial Number
329,281, filed April 12, 1940; Serial Number
351,375, filed August 4, 1940; Serial Number
352,289, filed August 12, 1940.

I claim:

1. In a motor driven calculating machine hay-
ing cyclically operable actuating mechanism and
clutch means for connecting the same with said
motor; a depressible key, means controlled there-
by for initiating operation of said motor, means
for latching said key in depressed position, means
operable by said motor for initiating operation
of said clutch means, and means controlled joint-
1y by said key upon depression thereof and by
said latching means upon movement thereof to
retain said key in depressed position for actuat-
ing said last named means.

Gear 1818 corresponds to-
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2, In a motor driven calculating machine hav-
ing cyclically operable actuating mechanism and
clutch means for connecting the same with said
motor; a depressible key, means controlled there-
by for initiating operation of said motor, means
for latching said key in depressed position, means
operable by said motor including a cyclically op-
erable clutch for initiating operation of said
clutch means and releasing said latching means:
and means controlled jointly by said key upon
depression thereof and by said latching means
upon movement thereof to retain said key in de-
pressed position for actuating said motor op-
erable means.

3. In a motor driven calculating machine hav-
ing actuating mechanism and a cyclically op-
erable power transmission device for connecting
the same to said motor, a plurality of: depressible
members for controlling said device, means for
latching any of said members in depressed po-
sition, means operated by said motor for releas-
ing said latch; the combination with means for
retaining said latching means to prevent reen-
gagement thereof with a depressed member, of
means controlled by said members and effective
upon depression of another of said members to
withdraw and hold said retaining means out of
engagement with said latching means.

4. In a motor driven calculating machine hav-
ing actuating mechanism and a cyclically oper-
able power transmission device for connecting
the same to said motor, a plurality of depressible

' members for controlling said device, means for
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latching any of said members in depressed po-
sition, means operated by said motor for re-
leasing said latch; the combination with means
for retaining said latching means to prevent
reengagement thereof with a depressed member,
of means controlled by said members and ef-
fective upon depression of another of said mem-
bers to withdraw and hold said retaining means
out of engagement with said latching means,
and means operated by said motor for releas-
ing said retaining means to permit reengage-
ment thereof with said latching means.

5. In a calculating machine having accumulat-
ing mechanism, actuating mechanism, driving
mechanism therefor, and means for engaging
said driving mechanism with said actuating
mechanism comprising cyclically operable power
transmission mechanism and a selectively oper-
able control device therefor; the combination of
means normally effective to actuate said control
device to disengage said driving mechanism from
said actuating mechanism upon a single cycle of
operation of said transmission mechanism, means
for latching said control device to permit multi-
cyclic operation of said transmission mechanism,
and means controlled by said control device for
preventing operation of said latching means dur-
ing monocyclic operation of said transmission
mechanism.

6. A control mechanism for calculating ma-
chines comprising & plurality of concurrently op- .
erable motor operation control devices, latching
means for retaining said devices in operated po-
sition, means rendered effective upon partial
operation of one of said devices for preventing
initiation of the operation controlled by another
of said devices' while permitting free operation
and latching of the latter device, means effective
upon complete -operation of said partially oper-
ated device, before operation of said other device,
for completely blocking operation of said other
device, and means effective upon complete op-
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eration of said partially operated device after
operation and latching of sald. other device for
initiating an operation under the joint con-
trol of both said devices.

7. A control mechanism for calculating ma-
chines having a plurality of concurrently op-

erable motor operation control devices compris-

ing means rendered effective upon partial op-
eration of one of said devices for preventing
initiation of the operation controlled by another
of said devices while permitting free operation
of said latter device, means effective upon res-
toration of said partially operated device, after
operation of sald other device, for initiating the
operation controlled by the operated device, and
means effective upon complete operation of said
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partially operated device, after operation of said
other device, for initiating an cperation under
the joint control of both sald devices.

8. In a motor driven calculating machine, a
series of depresible keys spring urged to raised
position, means for retalning said keys in de-
pressed position, means for releasing said re-
taining means, a longitudinally extending mem-
ber underlying said keys and mounted for par-
allel movement by any of said keys upon de-
pression thereof, and power operated means op-
erating in timed relation with sald releasing
means for sequentially applying and relieving re-
silient pressure to move said member upwardly
against any depressed key.

HAROLD T. AVERY.



