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UNITED STATES PATENT OFFICE

2,211,736
CALCULATING MACHINE

- Harold T. Avery, Oakland, Calif., assignor to
" Marchant Calculating Machine Company, a
corporation of California - .

Application December 18, 1933, Serial No. 702,949
12 Claims. (Cl. 235—63)

The- present invention relates to calculating lease of keys by inadvertent operation of the row
machines and has as its general object the pro~ release keys. . )

vision of a high .speed, quietly operating ma- It is an object of the invention to provide a
chine of the rotary type. o keyboard having a light and equalized touch.

. While the rotary type machine has alwgys had It is an object of the invention to provide a &
certain obvious advantages over other types, most keyboard composed of removable sections sepa~
rotary machines commercially produced have rately adjustable as to their cooperative rela-
operated their registering mechanisms intermit- tion with the machine, .
tently, giving rise to overthrowing thereof at Other objects will appear during the following
high speeds, and in attempting -to prevent such detailed describtion of a-preferred form of the 10
€rrors, noisy spring pressed pawling mechanisms invention, reference being had to the accompany- °

_haye been incorporated, ing drawings forming a part of this specification,

€ present machine overcomes such disad- in which:
vantages by retaining the registering mechanism Figure 1 is a plan view of the machine of the
constantly in mesh with its actuators throughout present invention, showing the keyboard, car- 16
the period of operation of such actuators. Since riage, and the several controls. .
both the actuators and the registering mechanism Figure 2 is 3 section in side elevation, illustrat-
are arrested before such engagement is broken, ing the keyboard for selecting a value and a por-
no auxiliary overthrow preventing devices are tion of the actuator mechanism.

‘necessary and the noise incident to the OpEra- Figure 3 is s section taken along the line 3—2 gp

tion of such devices is avoided, At the same in Figure 2, showing the typical construction ang
time, the speed of such a machine can be much mounting of a key.

higher than that of a machine depending for Pigure 4 is a sectional detail of a check dial.
accuracy upon the proper functioning of such Figure 5 is a section taken generally along the
auxiliary devices. line 5—% in Pigure 2, illustrating the arrange- 25

The provision of automatic division, multipli- ment of the keyboard and the actuator mech-
cation, and other controls for a machine of this anism,

type, however, presents unique problems which Figure 5A is a diagrammatic view illustrating

the present invention has overcome as fully set the utility of oval keys.

forth hereinafter. Figure 6 is an end elevation of a selection cam 30 ,
It is an object of the invention to provide an unit. :

improved mechanism for the automatic control of Figure 7 is a section taken along the line 7—7

division computations. : in Figure 6, showing the construction of the cam
It is an object of the invention to provide an unit.-

Improved mechanism for the automatic control Figure 8 is a diagrammatic view illustrating the 35

of multiplication computations. - ] - position of the varicus cams during a zero se-
It is an object of the invention to provide an  lection, and the relationship between the cams
improved form of duplexing accumulator adapted  ynq the several sensing levers therefor,
for continucus multicyclic operation in either di- Figure 9 is & diagrammatic view to illustrate
rection. ‘ the relationship existing hetween various sur- .
It is an object of the invention to facilitate the faces on the carI:l unit, =
assembly and timing of the planetary assemblies Figures 10 to 14 inclusive, are vertical sections

used in such accumulators. taken through the selection unit of a single key-

i j i i ide an A :
img;réie?inn?:gg;tﬁgnt?gr 1?822%132 ,:g z’;_%v Segis- board order, each section illustrating the arrange-

s ; : t typical for selecting s given value. 45
tering mechanism of the type disclosed. men : 4 I

It is an’object of the invention to provide a _ Figure 15isa section along the line 15——ﬁ51 of
novel form of key top permitting closer spacing Figure 14, showing, in sc-actlon-, th§ assembled
of the rows of keys without interference. plates disclosed in connection with Figures 10 to

It is an object of the invention to provide a 14, %ncluswe.. ] _ 50
keyboard structure in which all keys, including Figure 16 is a front elevation of the carriage, a

the row releasing keys, are of identical construc- portion of the cover plate being broken away to
tion, facilitating quantity production. show the accumulator and counter mechanisms

It is an object of the invention to provide a therein. B
novel arrangement for preventing premature re- Figure 17 is a section on the lne {T—I7 in 55
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Figure 16, showing the mechanisms for rocking
certain shafts in the carriage.

Figure 18 is a section along the line 18—18 ln
Figure 16.
 Figure 19 is a section along the line 18—I8 in
Figure 16.

Figures 20, 21, 22, and 24 are sections taken

through the carriage to illustrafe the construc-
tion of the accumulator and counter mechanisms,

the sections being taken so as to bring out the

interaction and relationship between certain of
the parts.

Figure 23 is a fragmentary view illustrating
mechanism utilized in connection with the left
hand counter register.

Pigure 25 is a front elevation, partly in sec-
tion, of two dial assemblies, illustrating the
manner of construction thereof.

Figure 26 is an exploded perspectlve view of a
dial assembly.

Figure 27 is a side elevation illustrating a modi-

- fied construction of a dial unit.

Figure 28 is a section taken along the hne

928—28 of Figure 27.

Figure 29 is a plan view of a modified form

of snail cam.

30

'35

40

50

55

60

65

70

75

Figure 30 is a side elevation, partly in section,
of mechanism for clearing the accumulator and
the counters.

Figure 31 is a rear elevation of certain mech-
anism shown in Figure 30.

Figure 32 is a plan view of the main clutch.

Figure 33 is a. s1de elevation of the main
clutch. .

Figure 34 is a side elevation, partly in section,
of the main clutch, the view being taken gen-
erally along the section line 34—-34 of Figure 35.

Figure 35-is a section taken along the line
35—35 in Pigure 34, illustrating details of the
clutch construction.

Figure 36 is a side elevation of the reverse con-
trol unit and its controlling mechanism.

Figures 37A, 37B, and 37C are views illustrat-

ing certain of the parts utilized in controlling the .

reverse unit. :

Figure 38 is a longitudinal section taken
through the reverse unit.

Figure 39 is a section taken along the line
39—39 in Pigure 38.

Figure 40 is a fragmentary side elevation of
mechanism for controlling the reverse unit.

Figure 41 is a side elevation of the mechanism -

for controlling the setting clutch.

Figure 42 is a side elevation of the mechanism
for controlling operation of the main clutch.

Figure 43 is a detail view illustrating an inter-
lock mechanism between the main clutch and
the main operating bar shown in Figure 41.

Figure 44 is a side elevation of circuit con-
trols and other mechanism associated with the
main clutch and the setting clutch.

_ Figure 45 shows the various cams positioned
upon the setting clutch shaft.

Figure 46.is a view illustrating, partly in side
elevation, mechanism for centralizing the dip-
ping carriage.

Figure 47 is a front elevation showing the cen-
tralizing means for the dipping carriage.

Figure 48 is a side elevation, partly in section,
illustrating the carriage dipping mechanism and
certain mechanism utilized in connection with
the shift operation of the carriage.

Figure 49 illustrates certain details of the
mechanism utilized in connection with the car-
riage dipping mechanism.

2,211,738

Figure 50 is a detail view. showing the restore

clitch and mechanism for controlling this clutch. .

Figure 51 is & section taken on the line 51—5!
in Pigure 50, illustrating the construction of the
spring link. '

Pigure 52 is a detall view which illustrates the
mechanism for centralizing the quarter and half
speed shafts in the actuator.

Figure 53 is a schematic view showing the
various units insofar as their relationship to the
driving means therefor is concerned.

Figure 54 is a detail view which shows the con-
struction of the the supports for- the addition
and subtraction bars.

Figure. 55 i1s a detail view which shows the
mechanism operated by the addition and sub-
traction bars, as does Figure 56.

10

15

Figure 57 is a detail view which shows the re- ’

verse control from the addition and subtraction
bars, as well as the interlock between these bars.

Figurés ‘57A and 57B are detail views which
illustrate a unit and a construction utilized in
connection with the manual settmg of the re-
verse control unit.

Figure 58 is a detail view which illustrates the
mechanism for clearing the selection keyboard
by depression of the clear key, as well as mech-
anism for clearing the keyboard automatically.

Figure 59 is a vertical section through the mul-

~ tiplier umit, illustrating the manner in which

selection may be made of a multiplier value.

Figure 60 -is another vertical section taken
through the muitiplier unit, showing certain de-
tails of construction and control thereby.

Figure 61 is a sectional detail showing mech-
anism for. controlling a multiplication- operatmn
in connection with a multiplier unit.

Figure 62 is a section taken on the line §2—8§2
in Figure 61.

Figure 63 illustrates details of the construction
of certain levers utilized in the multiplier con-
trol unit.

Figure 64 is a sectional side elevation showing
certain of the mechanism utilized for effecting
a power shift of the carriage.

Figure 65 is a sectional view taken in part
along the line 65—65 in Figure 64, showing the

construction of the shift unit and its connec-

tion to the carriage.
Figure 66 and Figure 67 111ustrate details of the

. control mechanisms for the shift.

Figure 68 is a section side elevation which il-
lustrates the mechanism utilized in connection
with the tabulating key and the back space key
as well as the mechanism operated by the Zero
multiplier key.

Figure 69 is a detail view which illustrates a
portion of the mechanism utilized in connection
with the tabulating mechanism.

Figure 70 is a sectional view along the line
70—170 in Figure 69 showing the connection of the
tabulator key to certain portions of the tabulator
mechanism.

Figure 71 is a front elevation of a portlon of
the tabulating control mechanism.

. Pigure 72 is a longitudinal section in plan,
taken through the tabulating control mech-
anism.

Figure 73 illustrates the details of construction
of the dial associated with the tabulator knob.

Figure 74 is a plan view showing the arrange-
ment of the tabulating control mechanism in
the frame of the machine, and the relation of
this control mechanism to the carriage.

Figure 75 is a detail view illustrating certain

20
25

30

40

45

50

60

75



5.

10

18

2,211,738 '

of the mechanism controlled by the addition and
subtraction bars, as well as control of the division
control member by the division key and the re-
lation to the restore clutch mechanism.

Figure 76 is a fragmentary view illustrating in
detail certain of the mechanism shown in Pigure

Figure 77 is a side elevation showing certain of
the division control mechanisms.

Figure 78 is a detail view showing the stop key
and the shift control lever. -

Figure 78A is a detail view which illustrates the

constructions of a shift control key.

Figure 79 is a detail view which illustrates in
detail the manner of support of the division key.
Figure 80 is a detail view which illustrates the

" manner of control of the division sensing mech-
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‘anism and the division gate.

Figure 81 is a fragmentary view illustrating
certain mechanism utilized for rocking out the
division gate. :

‘Figure 82 is a detail of a member utilized in
controlling the shaft controlling certain of the
division mechanism. .

Figure 83 illustrates, in side elevation, mecha-

nism for preventing a shift of the carriage during’

a division operation, as well as certain mecha-
nisms for operating a shaft which controls the
division mechanism. ° /

‘Figure 84 is a detail of a member utilized in
connection with the rocking of the forementioned
shaft. :

Figure 85 is a plan.view illustrating a’ portion

-0of the division mechanism, particularly the

means for transmitting from a lower order to the
hext “higher order, the decimal value of the
value set in the lower order. '

Figure 86 is 'a side elevation illustrating the
relation of division sensing mechanism to the ac-
cumulator mechanism and the manner of con-
trol thereof, .

Figure 87 is a fragmentary view showing the
manner of support of certain of the division
mechanism between the brace plates of the ma-
chine. :

Figure 88 is a perspective view illustrating cer-
tain of the division sensing mechanism and its
manner of control. '

Figure 89 is a side elevation illustrating con- -

trol of the division control member by the di-
vision key, as well as certain mechanism utilized
in connection with control of the shift unit.

Figures 90A and 90B are views illustrating the
construction of the division control member.

Figure 91 illustrates a modified form of con«
trol mechanism for the gate as well as the delay
latch for preventing operation of the gate until a
certain period in the operation has been reached.

Figures 92, 93, and 94 illustrate a modification
of certain mechanism for preventing a shift of
the carriage during division operations, as well
as for rocking a shaft controlling the division
sensing mechanism,

Figure 95 is a side elevation of the. modified
form of division mechanism which may be em-
ployed.

Figure 96 is a perspective view of g modified
form of division mechanism, illustrating the
manner of construction of the gate and the
mechanism for securing a stagger between the
controlling order, the tens and hundreds order.

Figures 97 to 101 inclusive, are fragmentary
views and side elevations, illustrating the man-
ner of construction of the modified division
mechanism. -

+hand counter
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Figure 102 is a side elevation, partly in section,
of the counter control mechanism, and actuating
mechanism utilized in connection with the
counter register 1861, ' -

Figure 103 is a section along the line 103—103
in Pigure 104.

Figure 104 is a section taken along the line
104—104 in Figure 102, illustrating the mecha-
nism for actuating the counter actuator as well
as the control thereof,

Figure 105 is a sectional slde elevation, taken
generally along the line 105—(05 in Figure 106,
to illustrate the control mechanism for the left
register as well as the mechanism
for actuating that counter register.

Figure 106 is a section taken along the line
106-—106 in Figure 105, illustrating the actuating
means for the counter register, '

Figure 107 is a side elevation, partly in sec-
tion, showing the frame construction and the
support for the casing. -

Figure 108 is a detailed sectional view of the
mounting means utilized in-connection with the
casing, '

Figure 109 is an enlarged detail view of the
counter operating mechanism, illustrating its
movement diagrammatically.

The following copending applications claim
certain subject matter disclosed but not claimed
in the present application: Serial No. 653,207
filed January 23, 1933; Serial No. 84,927 filed
June 12, 1936; Serial No. 104,471 filed October 7,
1936; Serial No. 159,523 filed August 17, 1937 ; Se-
rial No. 217,993 filed July 7, 1938; Serial No. 228,~
613 filed September 6, 1938; Serial No, 305,311
filed November 20, 1939; Serial No. 313,918 filed
January 15, 1940; Serial No, 314,597 filed Janu-
ary 19, 1940; Serial No. 315,055 filed January 22,
1940; and Serial No. 329,281 filed April 12, 1940.

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 upon
a keyboard or equivalent mechanism, and subse-
quently operating the machine in a menner indj-
cated 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 oper-
ated and a power operated bortion, the manually
operated portion being designed to be moved to
& selected controlling position by the' depression
of keys or the setting of
and the power operated bortion being designed
to .be brought into operation immediately prior
to the operation of the calculating mechanism
and te act under the control of the manually set
mechanism to move elements of the calculating
mechanism to the proper position to cause opera-
tion thereof to enter the value set up on the key-
board. 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 re-
leased and started on their return to the raised
position as soon as the power operated portion
of the machine acts. This permits very rapid op-
erations, for the keys are returning to position
during operation of the calculating mechanism
and their return is not delayed until that mech-
anism has operated fully. Since the keys are
not relied upon to hold the caleulating mech-
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the first factor of a subsequent calculation may
be set up on the keyboard while the first calcula.-
tion is being performed by the machine, thus
speeding up the machine additionally.

In s machine designed for calculation in the
decimal system, the keys are preferably arranged,
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 with which the machine is designed to
deal.

In order to prov1de a compact keyboard re-
quiring less travel of the operator’s hand in set-
ting operations and having certain other advan-
‘tages, and to avold decreasing the size of the key
tops in proportion to the decrease of the spacing
between rows of keys, the present invention con-
templates the provision of specially shaped key

tops which have a major dimension lying along -

the line of the key sections and a lesser lateral
dimension.

In the preferred embodiment d1sclosed in Fig--

utes 1 and 5, oval key tops are shown, although
the form might, alternatively, be made quadran-
gular. Figure 5A illustrates, diagramrmatically,

- the advantages of compactness, et cetera, obtain-

"able by the adoption of this key form.

Any decrease of the spacing between key stems
has heretofore been accompanied by a propor-
tionately doubled decrease in the diameter of the
key tops in order to prevent interference with an

~adjacent key by the finger tip of the operator.
To follow this practice in a machine using the
key stem spacing of that herein disclosed would
have necessitated the use of key tops of the size
illustrated by the small circles within the ovals
of Figure 5A, thus effecting an objectionable in-
crease in the pressure per unit area on the oper-
ator’s finger tip, as' well as enhancmg the- possi-
pility of its-sliding off the key during rapid opera-
tion.

By the use of keys dxmensioned according to

“the present invention, however, the factor of
safety against depressing laterally adjacent keys
is just as large as with the small circular key tops
since the minor axis of the novel key top is no
larger than that of the circular key. Since the
form of the operator’s finger tip is oval, as illus-
trated by the stippled area of Figure 54, it wili be
apparent that no smaller factor of safety against
depression of adjacent keys of the same key sec-

tion is involved in the increase of the major axis .

of the key than is allowed between laterally adja-
cent keys, and such increase of this axis, by pro-
viding a larger surface, correspondingly decreases
the pressure per unit area on the finger. Like-
wise, since the finger ordinarily approaches the
key along a line forming an acute angle in 2
vertical plane coinciding with the major axis of

the key top, the possibility of the finger slipping.

off the key top in rapid operation is also de-
creased by increasing this major axis. :

The construction of one bank of keys is shown
in Figures 2 and 3 on sheet 2 of the drawings.
Each key section comprises the usual number of
value keys 100, which are slidably mounted in
a channel key frame {08! and are normally main-
tained in raised position by suitable coil springs
102. The key stems 103 are assembled into the
channel frame {0{ (see Figure 4) by insertion
from the top, the slot in the upper side of the
channel member being of sufficient width to pass
the projection 184 of the key stem, but the regis-
tering slot in the lower side being of lesser width,
preventing the key stem from dropping through

2,211,786

and also :adabted to contact projection (04 -to

- provide & limiting stop in operation of the mech-

anism,

After insertion of the key stems, strip {05 is
secured in place by means of screws (086, thus
blocking a portion of the upper slot and pre-
ventmg withdrawal of the key stems. Strip {05
also carries a strip {87 of rubber or other re-

silient material against which projections 104

abut when the key stems (03 are pressed upward
by their springs. 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 {01 is slotted as at

({6 (Figure 5) so that the position of the key
section may be varied, each key section being se-
cured in the desired position by the screws f{i1.
After the several key sections have been posi-
tioned and shielding plate {12 is in place, flat
decimal markers f123 are positioned and suitably
journaled between each bank of keys. A knurled
finger piece {4 extends through a cover member
145 so that the flat decimal marker can be ro-
tated to expose 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 markers are being turned. As is well
known, one side of these markers is colored to
correspond with the coloring of the top of chan-
nels §6¢{ while their other side is colored to con-
trast therewith so that by turning selected mark-
ers, 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 116 which, upon de-
pregsion of the key, pushes a slotted key locking
slide 117, slidably supported on the lower side of
channel {81, to the right, as viewed in Figure 2,
releasing any other latched down key in the same
section. Upon full downward depression of the
respective key stem, this slide, pressed forward by
spring {18, snaps back to initial location and by
overlying the upper end of extrusion 11§, locks
the depressed key.

The leftmost key (Figure 2) in each section,
is the zero or clear key, and is provided for the
sole purpose of releasing any latched down key
in the same section. The stem and extrusion {03
of this key are identical with the other keys of
the section, bui latching down of the key is pre-
vented by the provision, on the locking slide {117,
of a lip 119, the lower edge of which lies below
the lowest position assumed by the top of ex-
trusion §16. Hence, while the slide is moved to
the right upon depression of this key, the lip {19
prevents it from returning leftward during the
depression of the key, and latching of the key
can not be effected.

When & numeral key stands depressed and it
is desired to depress a different numeral key in
the same section, the first key must be released
during the first part of the stroke of the second
key in order to avoid interference between the
respective key stems in moving the V-slot bar
i28. For this reason the lower edges of extru-
sions §18 normally lie closely adjacent the locking
slide ##7. However, in order tc avoid inad-
vertent release of keys when the person or cloth-
ing of the operator touches the zero keys, the lip
i18 of each locking slide, through which it is

moved by the associated zero key, is formed away.

15

20

25

83

40

45

§0

65

60

65

70

35



10

15

20

25

30

40

45

60

655

2,211,786
sub-

from the cooperating extrusion 116 for a
stantial part of its length, as indicated st 121,

. 80 that the extrusion does not move the slide until
"the key has moved through about half of its

stroke, Since the zero keys do not contact the
V-slot bar, this causes no interference.

Besides the individual clear keys for each key -

section described above, another clear key (shown
in ‘Figure 58) 'is provided, which, upon depres-
sion, will release every depressed key on the en-
tire keyboard. This clear key 122, normally main-
tained in raised position by spring 123, is pro-
vided with a lug 124 which, upon depression of
the key, rocks the gate 125 extending across the

full width of the keyboard and journaled on

studs 126 fixed in the frames. This gate is pro-
vided with an arm 127 having an angular rear-
wardly extending face disposed directly in front
of all the key latching slides 117. 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 conditions, the keyboard is
cleared automatically as will be described here-
inafter.

Disposed underneath the value keys “one” to

“nine” inclusive, is a differentially settable bar

120 which is pivotally suspended from the key
section frame (01 by means of two parallel links
128 and 128. This bar 120 has nine identical
notches 130, each of which has at its bottom a
downwardly extending slot 131 adapted to re-
ceive the end of a key stem 103. The vertical
center lines of the key stems 100 are spaced an
equal distance apart. This distance, however, is
slightly greater than the spacing between suc-
cessive slots 131 so that each succeeding slot 131
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
number of 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 132 is ad-
justed by a screw 133 (Figure 2) which engages
an ear (34 on the channel frame 181 and is
thereafter locked by nut 135 against channel 108.
The section can thus be removed and replaced
repeatedly without disturbing the adjustment.

It is to be noted that the edges 136 of each
notch are convex so that the surface initially
contacted by a key stem is relatively much flatter
than the surface finally contacted by the key
stem just prior to its passage into one of the slots
131. This results in a more equalized key touch,
the pressure at the beginning of the stroke being

- heavier and becoming slightly lighter as the key
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is depressed, instead of having an initial light
touch with a final very heavy touch just prior to
entrance of the key stem into the notch. This
more than compensates for the additional resist-
ance offered by the vprogressive compression of
springs . 102 and, with the more uniform key
touch, the fatigue of the operator is decreased
and the speed of keyboard manipulation en-
hanced. '

Movement of each bar 120 is utilized to set up
a mechanical representation of the selected value
whereby the calculating mechanism may be ac-
cordingly controlled as hereinafter set forth. A
swinging segment member 132 is mounted upon
a common shaft 13T which supports like members
associated with other key banks. This member
is provided at opposite ends with arcuate racks

5

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 (4]
in alignment with similar dials associated with
the other key sections so that the value set up
on the entire keyboard is read in a straight line
of dials, and to a cam unit’ 146 which is posi-

tioned by such movement so as to form a me-’
- chanical representation of the number set up

whereby the calculating mechanism may be ac-
cordingly controlled as hereinafter set forth.

As appears in Figure 4, each check dial as-
sembly is positioned between plate members 142
through which shaft 141 extends. A spacer 143
is also mounted upon ‘the shaft to preserve the
alignment of the dial assemblies with' the sight
openings and with the rack {38.

One of the check dial assemblies is shown in

detail in Figure 4, and comprises a cylindrical .

shell 144 carrying numerals from “zero” to “nine”
on its periphery (see also Figure 5) and secured
to a gear 145 adapted to mesh with rack (38
whereby dial 140 is rotated upon its supporting

shaft 141 an amount proportional to the move-

ment of differential bar 120 and will display
through the sight opening 147, a figure indiecat-
ing the value of the depressed key 100. The sight
opening 147 is formed in shielding plate 112 cov-
ering said check dials 140 which plate is also pro-
vided with decimal point sight openings 148 ex-
posing the rear ends of the keyboard ‘decimal
bars 113 which are colored on one side to corre-
spond to the color of plate 112 and on the other
side to contrast therewith. By this arrange-
ment, the check dials will be automatically
pointed off decimally, to correspond to the point-
ing off of the keyboard, as hereinafter described.
A comb 148 is clamped by screws (11 between
each frame 101 and the member 109 to prevent
backward rotation of said dials (40 beyond their
zero point, a lug member 150 carried by said
dials engaging a tooth of the comb at that point.

Each selection cam unit 46 is composed of a

‘gear 151, five differently shaped cams 152 to 156

inclusive (Figures 2, 6, 17, 8, and 9), four spacers
157, and a sleeve 158. To facilitate manufacture
of such brcad faced cams by stamping, each one
of the cams 52 to 156 inclusive, is formed of two
duplicate members, as appears in Figure 7. The

‘cams and spacers are alternately slipped on over

the sleeve, the gear 151 heing finally placed upon
the sleeve and the end of the sleeve riveted over.
The cams and gears are keyed to the sleeve so as
to form a unitary structure, such units being ro-
tatably 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 {6 on its periphery. 'The
cams are staggered about the sleeve, as appears
in Figure 6, and spacers 157 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 face of each cam
after it has been positioned by the keys 100.

The aforementioned cam units 146 are driven

. through a gear 151 forming a portion of the unit

(Figure 2), the gear being in mesh with rack 139
on member {32. The member 132 and the selec-
tion bar 120 are connected by means of a pin and
slot connection 163 so that the member is ro-
tated directly about the shaft 137 upon depres-
sion of any key. Upon release of a depressed
key, the return spring 164 (Figure 2) acts to re-
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turn cam unit 146 associated therewith and the .

check dial to zero position.
ACCUMULATOR MECHANISM

From the foregoing description of the selec-
tion mechanism, it is apparent that a number
comprising a plurality of flgures can be regis-
tered upon the several sleeves (69 by differen-
tially driving the gears attached to these sleeves
various distances proportionate to the quanti-
tative relation of the several figures composing
the number. However, in order to perform any

- mathematical computation such as addition,

subtraction, multiplication, or division, mecha-
nism must be provided for advancing a superior
registering element one extra increment when-
‘ever the next lower element has made & com-
plete rotation. This process is known as “carry-

"ing the tens”, in a machine operating according

to the decimal system. _

In the present machine this function is ac-
complished by accumulator mechanism mounted
in a carriage 25@ (Figures 1 and 16), the main
frame of which comprises end plates 25! con-
nected by a stop plate 252 (Figures 17 and 20)
having apertures to receive. lugs -258 on end
plates 2501 and secured at its forward end by
screws 254 which extend into the end plates
(Figure 17). The forward end of plate 252 is
notched to fit into notches in the brace plates
255 and to provide extensions 256 fitting be-
tween adjacent brace plates 255 (Figures 22 and
24) and under ears 257 thereon. Screws 258
secure ears on some of the brace plates to the
top plate 232 (Figure 20). 'The front and rear
carriage track shafts 259 and 260, the ends of
which are journaled in the two plates 25§, and
the several other cross shafts to be hereafter
described, serve as additional bracing means for
this main frame structure. ’

Mounted at even intervals between the two end

plates 251 are a series of carriage brace plates 255

(Figures 16, 20, 21, 22, and 24) having Iugs 261
projecting through spaced slots in the top plate
252 and supported at the front of the carriage
by ‘cross shaft 262. Locked spacing combs 263

extend through spaced slots in each brace plate

and are locked in place by rods 264, while the
top plate spaces adjacent plates 255, as has been
described. A retaining comb 285 screwed to the
top plate 252 spaces the rear edges of the plates
and, by underlying lugs 2659 formed on said
plates, serves fo hold lugs 261 in their notches in
the top plate

Supported in the end plates 251 and by the
several brace plates 255, is cross rod 262 which
serves as a pivotal support for & series of plates
266 (Figures 22 and 48), one of which is mounteg
on said rod 262 adJa,cent each of the carriage

brace plates 255. These plates 266 are spaced -

and braced adjacent their forward ends by comb
287 interlocking with slots in each plate 258 and
held in place by rod 268. The plates are con-
nected at their rear end by a common bail 269
known as the “dipping bail,” by means of which
the entire body of plates 266 can be simultane-
ously oscillated abkout shaft 262 during operations
hereinafter described (see Figure 48 also), in
which description the mechanism supported by
said plates 259 is referred to as the “dipping
carriage”.

The units of the accumulator are assembled
on a shaft 270 supported by plates 255, there be-
ing one of such plates 266 between each ad-

Jacent unit, so that each unit forms a separate

2,211,786 o
‘assembly between two of said plates. Each unit

i3 adapted to be driven by one of the selection
gears (Figures 2, 15, and 48) with which inter-
mediate gears 271, rotatably mounted on shaft

272 and entramed with the gears 273 of the:

several accumulator "units, may be meshed by
lowering the dipping carriage, as hereinafter de-
scribed. Suitable clearances are provided on the
several plates 255 to permit the pecessary con-

nections between, the orders of the accumulator’

for effecting tens transfer or carry operation.
Referring. more particularly to Figures 25 and
26, it will be noted that each accumulator unit
comprises & spider. 274 which is rigidly secured to
& sleeve 278 on shaft 270, This spider 214 carries
an internal ring gear 276 on its right hand side,
which is spot welded or riveted to the flared out
portion 277 of each of the spider arms. A right
angular extension 278 of one of said arms projects
toward the right from said spider, slightly be-
yond the right side face of a thin shell 278 fixed

_to the spider 274 and the internsal gear 216 there-

on, and serves as a zero stop in resetting opera-
tions described héreafter. The periphery of said
shell 279 is sufficiently wide to accommodate the
digits ranging from “zero” to “nine” arranged
as shown. Integral with the sleeves 2715 sur-
rounding said shaft 270 is'a sun gear 280 abutting
& brace plate 255, and interposed between said
sun gear 280 and the spider 274, is & snail cam
28f and spacer 282, .

The snail cam 28f (see also Figure 22) has an
aperture through which projects a lateral exten-
sion 283 of spider 274, thus causing said cam
and spider to rotate as & unit and the sleeve 215
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is riveted over the spider, forming these parts

into a functional unit.

In PFigures 27 and 28, I have shown a modified
construction in which the snail cam is secured
on -a sleeve 285 for rotation about a cut-away

portion of sun gear 286. Projection 287 from.’

the spider extends into an enlarged slot 288 in
the cam to permit limited movement of the cam
with respect to the spider. A small wire spring
289 is extended around sleeve 285 between the
projection 287 and a stud 290 on the cam so that
the cam is urged into that position shown in
Figure 27. This construction has the advantage
that, under certain conditions to be pointed out
hereinafter, spring 289 may be temporarily over-

40

4B

60

coine and the cam moved slightly without moving

the rest of the functional unit just described.
Assembly in properly timed relationship is
secured by welding the ring gear 276 to the spider
274 in a certain relationship established by the
position of the notch in the ring gear through
which the lug 278 of the spider passes. Snail
cam 28! is broached out to the pitch line of sun
gear 288, as appears in Figure 26. and the teeth
of the sun gear thus serve to locate the cam with
respect to the sun gear. When the sun gear on
its integral sleeve 215 is placed on the spider, the
extension 283 then locates the snail cam with,

respect to the internal gear so that sun gear 280,

snail cam 284, and ring gear 276, are fixed in a
predetermined position relative to each other.
Assembly by skilled mechanics is thus made un-
necessary and possible errors are prevented, for
the three units can be assembled in only a given
relationship in which they are maintained by
riveting over the end of the sleeve. In as-
sembling the modification shown in Figures 27
and 28, a special assembly jig is used.
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just described is a plate 292 fixed to the spur gear
218 which is driven by a gear 189 (see Figures 2
and 5) through an intermediate gear 271 when
plates 266 are dipped. These elements are ro-
tatably mounted on a sleeve 293 which in turn is
rotatably mounted on a sleeve 294. -Plate- 292,
which includes an apertured ear 295 for use in
timing, as will presently appear, is, in turn, fixed
to a member 296 by studs 297 provided at each
end of said member, and on each of said studs
is mounted a planet gear 298 meshing with the

' ring gear 216 carried by spider 274 and with an-

other sun gear 299 formed integrally with sleeve
298. Thus, the spur gear 213, the plate 292, the

_Planet gears 298, and the ring gear 216, constitute

a planetary assembly which rotates about the

.sun gear 298 and comprises the means by which

_ the numeral bearing shell 279 can be rotated by
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the actuating mechanism of the machine which
drives the gear 211 as hereinafter described.
Secured to the right end of the above mentioned
sun gear sleeve 294 is a spider 300 carrying an
internal gear 301, the spider and gear being pro-
vided with four lugs 302 which serve as assem-
bly guides and as stops, as hereinafter described.
The spider alse includes 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 asso-
ciated dial shell 2719 by means of the spider 274
of the next lower order independently of any
movement of gear 273. This means includes the
aforementioned internal gear 301 and another
unit sub-assembly now to be described. Sleeve
294 ‘which, as previously described, supports the
sleeve 293 on shaft 270, is provided with a double
arm member 304, one arm 305 of which is aper-
tured, while to the other, 306, is secured a stub
shaft 307 to which are fixed planet gears 308 and

309. The planet gear 308 meshes with the in- )

ternal gear 301 on spider 300 while the planet
gear 309 meshes with the sun gear 280 of the ad-
jacent lower order. Sleeve 294 includes an in-
tegral spacer 310 so that gear 308 is positioned in
alignment with ring gear 301 and does not abut
the spider 300, and the end of the sleeve is riveted
over to secure member 304, thus providing an-
other unit assembly. The central portion of
member 304 is equipped with a gear segment 311
meshing with teeth 312 (Figure 24) formed on s
lever 313 pivoted to a shaft 272 which is mounted
parallel to the shaft 270 in the plates 266. Lever

. 313 includes an extension 814 engaging a lever

315 also mounted on shaft 212 (Figure 22) which
lever carries a roller 316 in the same plane as
snail cam 281. Lever 313 is urged clockwise by
spring 318 so that the roller 316 carried by lever
315 is urged thereby into contact with the .ad-
jacent 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 and tens
transfer operations known in the art as “duplex-
mg.!! N .

In operation, the gear 273 is driven by the
actuating mechanism and . revolves planetary
gears 298 about shaft 270 as a center. Whete,
as in the units order, the sleeve 283 with s 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

drive ring gear 216 ahead in the direction in which

gear 213 is being driven. Since ring gear 216 is

- 319 therefore acts as g retaining

fixed to the indicia bearing shell 218, this move-
ment will bring s figure opposite the sight open-~

"Ing 318 in the carriage cover, indicative of the

portion of a rotation given gear 213.

Whenever a given amount is this entered in

any one unit of the accumulator, one tenth of
that amount will be entered in the next higher

. unit by means of- the carrying mechanism com-

DPrising sun gear 280 fixed to spider 274 and driv--
ing planetary gears 308 and 309, 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 integral therewith. If gears
213 and 298 are stationary, the movement of sun
gear 299 rotates ring gear 276 in the direction op-
posite to that of gear 289-and therefore in the
same direction as that~of the lower order dial
transmitting the carry. If gear 213 is moving
to introduce digitation, as previously described,
ring gear 216 will move by an amount equal to

" the resultant of that produced by the rotation of
- gear 298

and that produced by the rotation of
gear 213, the movement of the ring gear, of course,
being 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 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. - A typical arrangement to produce
this result is as follows: sun gear 280—ten teeth;
planetary gears 308 and 309—fifteen teeth ; ring
gears 214 and 301—forty teeth: sun gear 299—
sixteen teeth: and planetary gears 298—twelve
tegth. With this arrangement, one full clock-
wise turn of a lower order dial rotates sun gear 280
ten teeth, advancing ring gear 301 next to the
left, ten teeth or one-quarter turn counter-clock-
wise. This advances sun gear 298 integral there-
with, one-quarter turn, or four teeth counter-
clockwise, which in turn advances ring gear 216
on the higher order assembly four teeth, or one-
1_;enth turn clockwise. This carry movement will
in turn impart one-hundredth of a turn to the
dial next higher than that receiving the original
carry movement; one-thousandth of a turn to
the dial next higher than that, and so on.

With this gear arrangement, sun gear 299 hav-
ing four-tenths as many teeth as ring gear 2176,
one full turn of digitation gear 213 will produce
one and four-tenths turns of ring gear 276.
Therefore, if gear 213 is made a fourteen-tooth
gear, each tooth advance of the gear will pro-
duce one-tenth of a turn of ring gear 2716, or one
figure advance of the dial. ’

In order that thig tens-carrying movement
may be properly transmitted to all units of the
accumulator, 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 introdilced.
This means comprises spring pressed pawls 3i9
(Figure 20), freely mounted on shaft 320, each
of which is adapted to engage the associated in-
termediate gear 271 in each order. As described
above, these gears 271 .mesh directly with the
gears 189 of each accumulator unit and each pawl
means for one
of said gears, being released during actuation, as
will presently appear. :
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Thus, from the foregoing description, it is ap-

parent that rotation of a numeral wheel in any’

order will cause all the numeral wheels in the
higher order or to the left thereof, to also rotate
a certain amount successively either in additive

or subtractive direction, depending upon the di-

rection of rotation of gears 2738, 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 so
that the numerals are not properly lined up at the
sight openings 318, 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 align-
ment with said sight openings directly after an
actuation.

The mechanism for attaining this lineup oper-
ation of said dials comprises the snail cam 28{
which is secured to the left side of each spider
274, and which cooperates with and serves o
position the indirectly spring tensioned lever 315
pivoted at 272 (Figure 22). In this figure the
snail cam 28! and lever 315 are shown in a posi-
tion in which the roller 316 on said lever contacts
with the higher point of said snail cam, which
high point represents the zero position of its as-
sociated dial wheel 279. The contour of said snail

~cam is proportioned in such a manner that each

higher digit up to nine on the dials is represented
by a successive decrease in size of its radius untii
the lowest point on said cams represents the digit
“8” on said numeral wheels; the values increasing
on the dials as well as on the cams in clockwise
direction, so that for addition the dials and cams
are rotated in counter-clockwise direction and
for subtraction in clockwise direction, when view-
ing the machine from the right hand side.

- As the carriage is moved down into its lowered "
position, a notch in extension 348 on lever 313

engages shaft 338 which is extended through
plates 258. This rocks lever 3{3 counter-clock-
wise and results in member 304 moving clockwise
to advance gears 309 and 308. This results in
the carry from the right, received by gear 308
from gear 288 with which it is meshed and which
is in the next order to the left, being entered into
the next higher order. When the dipping car-
riage is in its lowered position, lever 345 is freed
by lug 814 and permitted to fall to a position in
which roller 348 is just clear of snail cam 28!,
Under .these conditions, sleeve 294 and stud 387
(Figures 25 and 26) are held in fixed positions,
and each dial is in general advanced to a partial
position depending on the digitation it has re-
ceived and the carry from all orders to the right.
For ‘instance, if the resultant value entered is
“2,375,” the first dial stands between a “2” and
“3” registration, being 0.375 of the way from the
“2” to the “3” registration. The next dial stands
0.75 of the way from a “3” to a ““4” registration,
the next 0.5 of the way from a “1” to an “8§”
registration, and the next dial squarely at a “5”
registration. ) )

The relation of the steep face of cam 281 to the
pivot point 272 of lever 315 is such that as the
numeral wheel moves from “9” to “8,” (as when
the carriage is dipped while nines are registered)
the steep cam face acting on roller 3§68 will tend
to move lever 315 to the position shown in Figure
22, Now, the downward movement, of lug 314 and
the counterclockwise movement of cam 28i take
place concurrently, but the steep cem face tends
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to move the lever 315 faster than the lug 814 will
let it move, and the cam face can not be made less

steep and still be capable of supporting roller 316.

properly when the parts are positioned as shown
in Figure 22, - -

" 1t is therefore clearly necessary that. this con- -

flict be compensated in some way, and such'is the
function of the specially mounted cam shown in

Figures 27 and 28, which has been heretofore de-"
. scribed in detail.

In a mechanism embodying

this structure, resistance to the movement of .

cam 28! -tensions the spring 289 until roller 36
has been permitted to move to its lowermost posi-
tion, whereupon the said spring returns the cam
to its normal position. . - ‘ :

If rigid cams are used, resistance to movement-

thereof tends to cause rotation of 'gears 273
against the tension of springs 318 acting through
holding pawls 3{8 and intermediate gears 21l.

While such movement is ordinarily less than half.

& tooth, it is clear that any excess thereover would
cause inaccuracy in the computation.

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 registration
in the sight openings. To this end, each lever
315 (Figures 22 and 24) is allowed to rock clock-
wise under the tension of spring 2!8. until roller

316 rests against snail cam 28{ which, with the

Py}

cam shaped as already described, aliows 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 sleeve 294 in a counter-clockwise *

direction, carrying stud 307 forward by an

amount proportional to the registration on the
dial to the right of it, thus rocking ring gear 361
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 stood
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-
ment 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.

Only the dial immediately to ‘the - right af-
fects the backing up of a dial and the increment
of carry in any one dial is not backed out en-
tirely until that in the one immediately to the
right is removed. Thus the task of having the
last dial distinguish between two wvalues, as
“29,998” and “30,001”, obviated. Thus, with
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“29,998”, when the dipping carriage is returned,

the “2” dial is not returned until the dials to
the right have returned. Then the “2” dial is
moved back only 0.9000 of the way and not

- 0.9998 of the way, the 0.09988 of & turn having
- been previously backed out.

¥f a value to be displayed upon the completion
of a calculation involves & series of nines as in

‘the figure 29,998 above mentioned, or as always

occurs in case an overdraft has been made (that
is, when a subtraction has been made with a sub-
trahend greater than the minuend), the dials
which are to display the nines will stand sub-
stantially at zero except the extreme dial to the
right of this series, As the extreme right dial
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is brought fully into its “nine” position by the

- removal of any increment of carry in the man-
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ner previously described, the roller is allowed
to follow down to the lowest radius of the cam,
thus backing the next higher order dial by very
nearly a full step. If the higher order dials were
already standing substantially at zeros, the back-
ing up operation would thus bring each in turn
to a nine which would allow the roller in that
order to drop from the high portion of the cam
down to the low radius of that cam. This drop-
ping of the roller would in turn back the next
higher order up one step which, if the dial were
standing substantially at zero, would result in a
repetition of the process. Thus, if with a series
of dials standing at zero, the extreme right dial
in ‘the line is backed up to a nine registration,
a carry wave results in which each of the dials
successively moves from “zero” to “nine”, each
dial commencing its backward movement only
when the next dial to the right has allowed the
roller to drop over the corner of the high point of
the cam and proceed to drop far enough to bring
the order in question into operation.

If, due to back lash in the gearing, lineup of
the dials in the sight openings should not be as
accurate as desired, a more accurate lineup across

.the sight openings 318 of the indicia bearing

shells 219 may be secured by providing the cams
281 (Figure 29) with a series of bumps 322, one of
which is interposed between each portion of the
cam corresponding to one numeral position and
the immediately adjacent portion corresponding
to the next higher or lower position. A cam pro-
vided with this “bump” contour is shown in Fig-
ure 29,

The assembly of the sun gear 280, snail cam
281, and numeral bearing dial 279 in proper
timed relationship has previously been disclosed.
Similarly, the-assembly of gears 298, sun gear
298, plate 292, gear 213, spider 300, and ring
gear 30f on sleeve 293 to provide another sub-
assembly, has been disclosed. This unit is as-
sembled with the aperture 295 opposite the space
between two adjacent teeth on gear 2713. The
assembly of sleeve 294 and arm member 304 has
also been disclosed. In assembling the sccumu-
lator, these units, shown in perspective in Figure
26, are assembled on shaft 210 as it is passed
through the plates 255, each one of the unit as-
semblies being positioned on the shafi as it is
advanced. The previously described unit sub-
assemblies are quickly. and easily brought into
the proper timed relationship with each other, by,
simultaneously with the positioning of the suc-

cessive unifs on the shaft 279, passing a timing -

rod 323 through the aperture provided in each
unit. Thus, the timing rod is first passed
through the aperture 333 in the snail cam 281,
as appears in Figure 26. The unit subassembly
of the planetary gears and gear 213, and ring gear
301, is then placed on the shaft 270. The plane-
tary gears are then rotated about shaft 270 until
the aperture 295 in plate 292 will pass the tim-
ing rod as well as through an aperture in one of
the ears 303 on the spider 300. Arm 304 is then
revolved abouit the shaft 210 until the timing
rod can pass through the apertured arm 305.
When the rod has been passed through the
several apertures in the several subassemblies,
the whole will be in the proper timed relation-
ship. In the same manner, successive units can
be timed and the carriage thus readily assembled
and timed.

The carriage is supported in the machine for
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transverse shifting in either direction by shafts
259 and 260 which slide through bushings 324
positioned in side frames on opposite sides of
the machine (Pigure 47). Springs 325 are
slipped over the turned down ends of these bush-
ings to provide cushioning means limiting trav-
verse of the carriage.

The ecarviage is released for free traverse by
rocking comb 330 (Figure 18) on shait 331 out
of engagement with shif mechanism, presently
described, including rollers 332 mounted on the
plate 333 secured on shaft 334 (Figures 18 and
65). The comb 2308 is rocked about shaft 331, up-
on which it is supported, by means of lever 335

‘which extends through the cover of the carriage

and carries a handle 336. The lever is pulled
by spring 337 against a stop 338. Upon depres-
sion, the spring is tensioned and the comb 330
is rocked in a counter-clockwise direction out of
engagement with the rollers. The connection be-
tween the lever 335 and the comb is made by
means of an ear 3382 on the lever extending into
a slot in the comb. 1In thig manner, 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 a step of the shift.
Thus, each roller 332 successively engages 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 described
hereinafter in detail.

Power SET SELECTION MECHANISM

After the setting of the mechanism heretofore
described has been completed and upon manipu-
lation of one of the operating controls, the power
operated portion of the selection mechanism is
brought into operation prior to operation of the
calculating mechanism, and acts, under con-
trol of the cams {46, to move elements of the cal-
culating mechanism to the broper position to
condition it for effecting entry of the value set up
on the keyboard into the accumulator,

It is an important and distinguishing feature
of the present machine that throughout the per-
formance of a calculation, the registering ele-
ments are continuously driven by the prime
mover, the entry of different amouunts being ef-
fected by mechanism for varying selectively the
rate at which each registering element may bhe
driven by the prime mover.

This mechanismm comprises three shafts 166,
{67, and 168, hereinafter referred to as the half,
quarter, and twelfth speed shafts respectively
(Figure 5), and common to all orders of the ma-
chine. The shafts are connected to the prime
mover through gearing and s cyclic clutch as
hereinafter described, so that shaft 186 rotates
through 180° for each cycle of operation of the
machine, shait 167 rotates through 90° for each
cycle of operation of the machine, while shaft
168 moves through 30° for each cycle of opera-
tion. A series of sleeves 168 (Figures 2, 10, 11,
12, 13, and 15), one for each decimal order, is
freely mounted on a common pivot shaft {70 dis-
posed between the shafts 166, 167, and 168, and
each sleeve has keyed thereto severa] spaced
gears for driving the several orders of the regis-
tering mechanism, as hereinafter described.

Means are provided for connecting each of
the several sleeves 169 so that each sleeve can
be selectively locked or driven by shaft 166, shaft
181, or shaft 168 at any of nine different rates
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with respect to the prime mover, said rates cor-
responding to the values delineated upon keys
: Since this mechanism is duplicated in each
decimal order of the machine, only one of these
orders will be herein described.

Keyed to sleeve 169 (Figure 10), is a gear {71
(see also Figures 2, 5, and 15), and mounted to
freely oscillate upon a spacer mounted on said
sleeve alongside said gear 171, is a selection plate
$712 having rotatably mounted thereon an idler

gear 113 and an idler gear {74 meshing with-

gear I74. Keyed to the half speed shaft 166
in radial alignment with. gear (73, is a twelve
tooth gear 175, while in radial alignment with
gear {13, on its opposite side, is a twenty-tooth
gear {76 keyed to the quarter speed shaft 187.
Thus, if plate 172 be swung to the right as-viewed
in Figure 2, gear {16 will be brought into mesh
with gear 113, whereupon the 90° rotation of
shaft 167 which .takes place during each cycle
of operation of the machine, will drive the gear
{71 five teeth, while if plate {12 be swung to the
left, gear 175, upon the 180° rotation of shaft 166,
will drive the gear I74 six teeth. By this means
either a five or a six selection can be effected.
Also keyed to the sleeve 169 is a second gear
117 (Figures 5, 11, and 15), and mounted for os-
cillation on a spacer carried by the sleeve along-
side this gear is a second selection plate {78 car-
rying an idler 179 and an idler 180 which, in this
case, meshes with the gear {71. Keyed fo shaft
166, in radial alignment with idler {79, is a four-
teen-tooth gear 181, and keyed to shaft 167, in
radial alignment with idler 179, is a sixteen-
tooth gear 182, Thus, when this second selection
plate 118 is swung to the right, as viewed in
Figure 2, its idler 179 will mesh with the gear 182
and the 90° rotation of shaft 167 in each cycle

.will serve to drive the gear 1T7 four teeth, while,

when the said plate 178 is swung toward the left,
idler 179 will mesh with the gear 181 and the 180°
rotation of shaft 166 in each cycle will serve to

-“drive the gear |71 seven teeth. By this means
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either a seven or a four selection can be effected.

Also keyed upon sleeve 69 is g third gear 188
(Figures 2, 5, 12, and 15), and mounted to oscil-
late freely upon a spacer carried by the sleeve 169
alongside this gear, is a third selection plate {88
which is a substantial duplicate of the first two
above described, and carries idler gears 185 and
186. Keyed to shaft 166, in radial alignment
with idler 185, is a sixteen-tooth gear {87, and
keyed to shaft 167 in radial alignment with idler
185 is a twelve-tooth gear {88. Thus, when plate
1848 is swung to the left, as viewed in Figure 2,
its idler 185 will mesh with gear 187 and the 180°
rotation of shaft 166 in each cycle will serve to
drive the gear {89 through eight teeth, while,
when plate 184 is swung toward the right, idler
185 will mesh with gear 188 and the 90° rotation
of shaft 167 in each cycle of operation will serve
to drive the gear 189 through three teeth. By
this means, either an “eight” or a “three” se-
lection may be eifected.

Also keyed to sleeve 169 is a broad faced gear
189 (Figures 13 and 15), and freely mounted for
oscillation upon a spacer carried by the sleeve {68
on the left side of this gear, is a fourth selection
plate 190, a substantial duplicate of those previ-
ously described and carrying idlers 191 and 192,
Keyed to shaft 166 in radial alignment with this
idler 1914 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
194, is a twenty-four-tooth gear 195. Thus, if
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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 cycle will serve
to advance the gear 189 nine teeth, while if the
plate 190 be swung toward the right, the idler
181 will mesh with the gear (94 and the 30°
rotation of shaft i68 in each cycle, and the twen-
ty-four-tooth gear 185, will serve to advance the
gear {89 two teeth. By this means either a
“nine” or a “two” selection may be effected.

Mounted for oscillation upon sleeve 168 at the
right of gear 89, is a fifth selection plate 196
having, rotatably mounted thereon, intermesh-
ing idler gear 197 and 198 (Figure 14). Gear
198 is constantly in mesh with gear 189, while
gear 197 may mesh with the twenty-four-tooth
idler gear {99 free on shaft {67 when the plate is
swung to the right, as viewed in Figures 2 and 15,
This gear is driven by twelve-tooth gear 200
keyed on shaft 168 so that gear 189 will be
rotated a single tooth upon a 30° rotation of gear
200 when the plate 196 is swung rearwardly.

A zero selection is effected by holding gear 189
against rotation. For this purpose, a pawl 20{
(Figures 2 and 14) is mounted upon the shaft
202, so that, when the plate 196 is swung to the
left, the edge of plate 196 will engage tail 203 of
the pawl 201 and retain said pawl in engagement
with the gear {89 when the shaft-is rocked, as
will be described.

The shaft 202 extends across the machine and
one pawl 201 is provided in each order. This
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shaft 202 is rocked counter-clockwise to a limited :

extent by the carriage dipping mechanism to be
presently described, and, when the machlne
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 (89 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 195 engages the tail 203 of
the corresponding pawl, as previously explained,
and retains the pawl in engagement with the gear
189 even though the shaft 202 has been rocked.
By this arrangement, when the selection plate
186 is swung toward the left, as viewed in Fig-

" ures 2 and‘14, the gear (89 is locked and a zero

selection is made. ,

Tach of the plates 172, 178, 184, and (96,
includes a lug 205 which engages the adjacent
plate to prevent one plate from hanging up on an
adjacent plate as they swing by each other.
The plate 198 is placed on the other side of gear
188, and is spaced so that hanging up thereof
does not occur. One of the five plates of each
order is positioned during a selecting operation
to select a value or zero, the remaining four
plates of the order being held in idle position.

-The value positions are positions in which the

plate-carried gears mesh with gears on shaits
166 or 187, while the intermediate position is that

‘in which no such connectiton is effected. Thus,

if a “six” is to be selected, by way of example,
plate 172 will be swung to the left in Figure 10,
to engage gear {75, while all the other plates will
be positioned in the intermediate positions in
which they are shown in Figures 11 to 14 inclu-
sive.

This simultaneous setting of the selection
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which senses the cams (46 hereinbefore men-
tioned. This mechanism comprises a group of
five feeler arms 210 (Figures 2 and 8), one for
each of the five plates 112, 178, 184, 190, and 196,
and pivotally connected thereto by studs 205.
Each arm is provided with a sensing nose 211
adapted to be pressed against the associated cam
with which it is in radial alignment. These
feeler arms 210 are pivotally supported on a
common shaft 213 supported by links 214 pivoted
to the frame of the machine at 215, and each
feeler arm 210 is connected by a link 216 with a
second feeler arm 211 pivotally mounted on a
shaft 218 supported in the frame, and provided
with a sensing nose 219 adapted to contact the
same cam at a point approximately 180° re-

" moved from the point at which it is contacted by

nose 211, This sensing system is actuated by a

plurality of pairs of complementary cams 220

and 221 adapted to be driven by means herein-
after described, and cooperating with cam fol-
lowers 222 and 223 to rock lever 224 pivoted to
the frame at 225 and connected by links 226 with
shaft 2i3.

In operation, as cam lever 224 is rocked by
these cams, each set of sensing noses 211 and 219
will be moved toward that cam in the cam unit
146 with which it is in radial alignment, and if
nose 211 meets a low point 16! of one of the cams,
the nose 219 will meet the opposite high point 160,
thereby rocking the connected selection plate
into its forward position, as viewed in Figure 2.
If, on the other hand, nose 21! meets a high

boint 160 of one of the cams, the nose 219 will

meet the opposite low point 16! and the selection
plate to which arm 210 is attached will be moved
into its rearward position, as viewed in Figure 2.
If, in the third case, nose 21 { meets only an inter-
mediate portion and does not engage either g
high or a low point of a cam, nose 219. will do
likewise, and the connected plate will be posi-
tively positioned in central or neutral position in
which its idler will be out of mesh with the gears
on both shafts 166 and 167.

To accurately position each cam in cam unit
146 before this sensing operation, a pawl 238
(Figure 2) is mounted on shaft 218 and is urged
by spring 231 against pin 232 on link 214, When
link 2{4 is moved, the pawl is released to engage
gear {5, aligning the unit 146 of which the gear
forms a part, and holding it against possible
displacement during sensing. )

The five cams 152 to 156 inclusive, composing
each selection cam unit (46, have their respec-
tive high and low points so positioned arcund
their peripheries, and are so offset with respect
to each other that, if one of the feelers 241 in
each order meets either a high or a low point on
one of the five cams, the other four feelers 211
in the same order will not meet either 3 high
or a low point on their associated cams. Thus,
in each sensing operation, only one of the five
selection 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 car-
ried by each sleeve 169 can be operatively meshed
only by a single train with one of the gears car-
ried on either shaft 166 or shaft 161, or else
locked by pawl 201. By this means, any selec~
tion from “zero” to “nine” inclusive, is effected
in each decimal order under the control of
keys 100. :

In Figure 8 are shown the five cams 152 to
156 inclusive in position to set up a zero. These

tion of the selection plates.
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cams respectively provide for setting values as
follows: cam 152, values 6 and 5; cam 153, values
7 and 4; cam 154, values 8 and 3; cam 155, values
9 and 2; and cam 156, values 0 and 1. In the set-
up shown, a zero value will be set up under the
control of cam 156, nose 211 moving in to low
point 161 and nose 219 engaging high point i§0
to move the associated selection plate 196 to the
forward position and hold paw! 201 in engage-
ment with gear 189. Al other noses engage
intermediate cam faces and position the other
four plates in neutral position.

It is to be noted that high points 160 corre-
spond to the outer circle in Figure 9 and low
points {61 to the inner circle, while the inter-
mediate 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 the same, it being the relative
positions of the noses with respect to thé center
of the cam, or shaft 189, that controls the posi-
Thus the noses
either engage the surfaces - represented by the
outer and inner circles in Figure 9, correspond-
ing to distances A and B, and in which the asso-
ciated plate is moved to a value sétting bosition,
or both noses engage the surface represented by
the intermediate circle, which is a neutral plate
position. Distances A, B, and C are equal but
are differently arranged with respect to the cen~
ter of shaft £59. It is this difference that resuits
in the positive selective movement of each selec-
tion plate to one of these positions it can ocruny.,

Means are provided for locking the selertion
plates in the relationship above described, com-
prising a lock gate 236 (Figures 2 and 46) ex-
tending across all orders 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 move-
ment in either direction. All the selection plates
are engaged simultaneously, the gate being oper-
ated by means which willl be described in con-

hection with the setting clutch mechanism
hereinafter. :

ACCUMULATOR CLEARING MECHANISM

It may be seen from
that if ring gears 301
ment while segments
teeth 312 will act to

the foregoing description
be locked against move-
313 are rocked, then the
Tock arms 304 and rotate
planetary pinions 308 and 389 by feeding pin-
lons 308 over the teeth of locked ring gears 301.
If the gears 27¢ pe now freed from the braking
aption of pawls 318, the rotation of planetary
Pinions 369 thus pbroduced, can, since gears 213
are free to rotate, drive gears 280 to rotate
spiders 274 and their attached numeraj] wheels
2719‘ backwardly, toward the position in which
their zero digits align with the sight openings
318, If a stopping means be blaced in the path
of lugs 278 carried on said numeral wheels to
prevent them from being driven beyond zero
bosition, the braking pawls 319 may bhe restored
to operative position and the lock withdrawn
irom ring gears 301, leaving the nhumeral wheels
219 aligned in zero position,

This mode of operation is used to reset the
accumulator to zero, by means of the following
mechanism. Keyed upon shaft 320 (Figure 21),
supported in plates 266, are rocking levers 350.
The shaft 320 is rocked by the automatic clear-
ance mechanism presently to be described, and
movement of rocking levers 350 is transmitted
to pawls 319, each pawl having a lateral pro-
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jection 351 thereon which ma.y be engaged by
the assoclated lever 350 to free gears 270.

Lever 350 also acts to lock the ring gears 30
and place zero stops for -the numersal wheels,
and for this purpose is provided with an exteh-
sion 352 engaging slot within lever 353 mounted
on shaft 272, so that, upon clockwise rocking of
lever 350, lever 353 is pushed in a counter-clock-
wise direction and lateral -projections 354 on
lever 353 are placed in a dial stop position. The
lateral projections 354 are each of sufficient width
to engage ‘the zero stop projections 218 (Figures
25 and 21) on each dial assembly as well as-to
engage one of the four projections 302 on the
spider 300 and gear 30f and limit the latter
agamst movement past zero position during clear-

ing of the accumulator, thus providing the afore-
mentioned. stopping means. Rebound of the dials
is prevented by resilient member 355, on each
lever 353 which engages the other side of pro-
jection 278 in each assembly from that engaged
by projections 354, and retairis each dial shell
against rebound,

The dials are returned to zero pos1t1on by
mechanism comprising lateral projections 356
on each lever 313 (Figure 24), which are en-
gaged by extensions 357 on pawls 319 to rock
levers 313 counter-clockwise on shaft 212 against
the pull of spring 3i8. Teeth 3{2 on levers 313
act to rock arms 304 and rotate planetary pin-
ions 308 and 309 by feeding the former over the
Since gears 27/
are free to rotate, rotation of planetary pinions
308 and 309 drives gears 280 to rotate spiders
274, and their attached numeral wheels 279,
backwardly to the position in which the zero
digits align with sight openings 3{8.

The shaft 320 is then rocked in & counter-
clockwise direction to remove projections 355
and 354 from coaperative relationship with lugs
278.. Spider 308 permits pawls 319 to reseat be-
tween the teeth of gears 271 and permit the seg-

- ments 313 to return under tension of springs 348

o
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until the engagement of roller 316 with the pe-
riphery of snail cam 284 blocks further move-
ment of the segment 3{3 by engagement of lug
314 thereon with the roller carrying lever 3i85.
For this purpose, shaft 328 has keyed thereto a
lever 358 (Figure 18) which is pulled by spring
359 in. a counter-clockwise direction so that,
when shaft 320 is rocked to clear the dials, the
spring is tensioned. As the clearance mecha-

nism, to be described, is released, this spring re-

turns shaft 320 to the position shown in Figure
18, leaving all the zero numerals on the dlals
aligned with the sight openings.

GENERAT, CALCULATIONS DRIVE

Power for the various operations of the ma-
chine is supplied, under the control of the var-
ious control keys of the machine, through the
main clutch 428, the setting clutch 430, the ac-
cumulator clear clutch 368, the restore clutch,
789, the presently described counter clear clutch,
and the presently described shift unit. To drive
these units, a motor 640 (Figure 53) is mounted
within the frame of the machine, and its speed
regulated by a speed governing device which in-
cludes a knurled knob 64{ for enabling the ma-~
chine operator to vary the motor speed from
outside the machine casing. A flexible coupling
642 connects the motor drive shaft 643 to an
overload release device as adjustable slip clutch
648, Any well known form of slip clutch may be
used. A pinion 645, driven by the slip clutch,

9,211,736

drives thé main clutch 428 through a transmis-

- slon system including gear 646 carrying gear 641
"meshed with gear 362, which is engaged with

idler 650, which in turn engages and drives the
gear 415 on the main clutch. The main clutch
428, when engaged, results in selective direc-
tional driving of the half, quarter, and twelfth
speed (Figures 2 and 53) shafts under the con-

‘trol of the reverse unit which determines initial

power application to either gear 459 or to gear
458. Thus, as appears under the description of
the reverse unit, gears 459 and 458 are selec-
tively driven through the main reverse unit, to
drive the half, quarter, and twelfth speed shafts
in a selected direction.

The setting clutch gear 430 1s driven by gear
648 on the same shaft with gear 362 in the main

. cluteh train.  Gear 362 also drives a gear 361 on

shaft 649 upon which are positioned the restore
clutch 760, and the clear clutches 360 and 1911.
The shaft 649 rotates whenever the motor op-
erates.

" 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 32 to 35 in-
clusive, has its driven side keyed to a sleeve ro-
tatably mounted on .a stationary supporting
shaft 429, the setting clutch 430 has its driven
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side keyed directly to its supporting shaft 431. -

With this difference in mind the structure of the
setting clutch can be understood from the follow-
ing description of the main clutch structure.
The driving side of the clutch comprises an an-
nular gear 415 mcunted on an annular laterally
extending flange 416 of disc 417, the disc being
capable of being driven by the gear, as will

35

presently appear, and the gear being connected

to the prime mover through transmission mecha-
nism (see also Figure 53). The driven element
of the clutch comprises a wedge disc 418 keyed to
a sleeve 4i8. The flange &!6 of disc 447 has
three. apertures spaced equally about its periph-
ery and having rollers 428 therein, and wedge
disc 418 has three cooperating flat areas 421 im-
mediately adjacent the three rollers. Each roll-
er floats between the adjacent flat 421 and the
inner periphery of the annular gear 15 and rolls
freely when the clutch is not transmitting power.

In operation, when the clutch is not engaged
and the prime mover is in operation, gear 4{5
is rotated but wedge disc 418 and disc 417 are
held against rotation by a clutch dog 395 (Fig-

. ure 34), which is provided with a nose 422 adapt-

ed to enter one of the notches 423 on disc 417
and one of notches 424 in disc 418, notches being
employed to prevent rebound.

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 335 to
release dises 447 and 418. Provision for frice
tion between flange 416 on disc 417 and gear 8158
is made, so that rollers 420 jam instantly and
full power is transmitted through the clutch. In
Figures 34 and 35 I have shown flange £i6 of
disc 417 provided with three receptacles 425
equally spaced about the flange and having
therein metal cups 826 pressed against gear
415 by springs 421. The drag provided on gear
445 by the spring pressed cups in flange 4i6,
causes the rollers to jam quickly and effectively
when discs €17 and 418 are released. -

It is to be noted that the described clutch 4§28
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has & normal cyecle 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 revolution

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 pre-
viously described, the disc 417 rides a certain
angular distance in advance of the driven side of
the clutch. When the clutch is to be disengaged,
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 posi-

tion, the advance immediately - breaking the
wedging effect of rollers 420 and declutching the
driven side. However, the driven side is thus ad-
vanced 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 deflnitely locking it in its
full cycle position.

In Figure 45, a centralizer cam 432 is shown
on the setting clutch shaft, and this is funec-
tionally similar to one used in conjunction with
the main clutch but not shown. As appears in
Figure 44, this cam includes two pockets 433 in
which spring pressed roller 434 seats to position
the cam very definitely. Roller 434 is carried
upon arm 435 hinged on pin 436 ang is pulled
by spring 43T extended between the arm and a
portion 438 of the frame. The centralizer cam
432 is rocked upon each cyclic operation of the
setting clutch against the tension of the spring
431. As the setting clutch ends its operations,
the roller 434 seats in one or the other of the
pockets 433 in the cam, and ensures that the
whole setting clutch line is returned to the same
definite cyclic position, as well as aiding in de-
clutching the setting cluteh.

The cluteh is readily assembled before disc 418
is mounted on the supporting shaft. The gear
415 and disc 417 are assembled with the springs
421 in place. Rollers 420 are then positioned
whereupon the clutch is secured together as a
unit by passing disc 439 over the enlarged heads
of pins 440 and then sliding the disc into the
position in which it appears in Figure 33 and in
which position it is retained by passing the sup-
porting shaft through the unit.

CARRIAGE CENTRALIZER

Dipping of the accumulator carriage, including
rocking of the plates 266 about shaft 262 to bring
gears 271 into mesh with gears 189, has been
breviously mentioned. To ensure that the car-

" riage, when thus dipped, will mesh with the gears
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189 and is properly aligned, means are provided
for centralizing the carriage into its proper lat-
eral position upon dipping. In Figures 46 and
47 this centralizing means is shown as including

a fixed member 540 fastened to the plates 523 and .

extending upwardly to slip between the adjacent
plates 266 in the carriage. This member is pro-
vided with a V-section so that the carriage is
guided downwardly and is centralized as it is
brought down into place by the breviously de-
scribed carriage dipping mechanism.

To locate the carriage laterally in advance of
the carriage dip, as is particularly necessary in
division operations, more positive centralizing
means are provided in addition to those already
described. This mechanism includes 3 U-shaped

. Which are in

- 13

member 541 (Figures 46 and 47) free on the
shaft 942 and having a V-shaped extension 543
which may be moved upwardly to slip between
adjacent carriage brace plates 266 angd centralize
the carriage before it hag begun its downward
movement. Control of the member and proper
movement thereof is secured by extending link

544 between the selection lock gate 236 and the

member 543, as appears in Figure 46. Thus, up-
on downward movement of the selection locking
gate, to release the
ber 541 is rocked in g, clockwise direction so that
the extension 543 is moved upwardly to engage
between the plates 266 and centralize the car-
riage. As the selection lock gate is thereafter
moved into selection locking position and the
dipping of the carriage begins, member 542 starts
downward movement to guide the plates 266 as

. they are lowered into position. In this manner,

the carriage is readily adjusted laterally so that
broper meshing of the gears oceurs.

SELECTION LoOCk

- The setting clutch 430 is effective to operate
the previously described locking gate 236 (Fig-
ures. 2 and 46) which is pivoted to the frame of
the 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. The selection mechanism is thus un-
locked to permit the sensing system to _operate,
and relocked after the sensing system has op-
erated.

The timing of release and locking of selection
plates is such that at the beginning of the uni-
cycle operation of setting clutch 436, all select-
tion plates are released to permit setting by the
sensing system including feeler arms 248 and
211, as previously described. The moment set-
ting is accomplished, due to rotation of shaft 43,
and cams 526 and 5271 thereon, the locking gate
is immediately positioned to lock the plates in
the selected position until the beginning of the
next uni-cycle setting clutch operation. -

The lock gate 236 is moved into position to
€ngage one of the three notches 238 by links 528
(Figures 2 and 46) which extend at opposite
ends of gate 236 to the rock levers 529 pivoted
on shaft 225 and carrying rollers 530 and 531
engagement with complementary
cams 526 and 527, respeciively, and effect the
requisite movement of lock gate 236 at the cor-
rect cyclic times, since the lock gate operates
both before and after the previously deseribed
sensing system has operated. The cams 526 and
527 constitute a pair, one such pair being mount-
ed upon shaft 431 at each end of the locking
gate (Figure 45). Since the setting clutch con-
trols rotation of the shaft 431 . the roper se-
quence of operation is served, cams 526 and 527
being suitably contoured to this end. The selec-

-tion 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 deseribed, comprises (PFigure 2) feeler
arms 210 and 217, and selection plates positioned
by said arms in accordance with the sensing of
the cams in cam unit {46 by feeler arm sensing
noses respectively 201 and 2189, is effected by com-
plementary cams 220 and 221 on shaft 431.

The setting clutch 430, immediately upon re-
lease, is effective to rotate shaft 431 through half
a revolution and release the locking gate 236 for
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the sensing plates.
2 and 45) thereupon operate rock lever 228
through rollers 222 and 223, to move links 226
to actuate the feeler arms to sense cam unit 186
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 locking position by
cams 526 and 527, the cams 228 and 2201 move
the rock lever 228 and its co-operative mecha-
nism to remove the feelers from contact with the
sensing cam unit {46. The sensing plates are
thus retained against displacement until the be-
ginning of another setting clutch cycle.

CARRIAGE DIPPING

After selection has been made of the values t6
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
2117, and the movement of the selection plates in
each order to position the several idler gears
followed by the locking of the seleétion plates;
entry of the values into the accumulator is ef-
fected so that the values may appear on the dial
faces 279 in alignment with sight openings 318.

As previously described, the accumulator in-
cludes (Figures 16, 22, and 48) a series of plates
966 connected by a common bail 269 and sup-
ported for a dipping movement by shaft 26&.
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 {69 together with gears (71, {77, and
{83. This group of gears 171, {77, l33 and {89,
being keyed 'to a common sleeve 168 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
27{ from the braking action of pawls 319, each
pawl being carried down into engagement with

shaft 565 (Figures 5 and 48), whereby the pawls.

are rocked clockwise to release gears 271.
Meshing of intermediate gear 271 with gear
189 in each order, results in the selected value
being placed in the accumulator by rotation of
gears 189, 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, 20, 21,
22, 24, and 48, to bring gears 271 into mesh with

gears 189 and then elevate the carriage at com- -

pletion of the calculation, comprise two vertical
sliding links 568 (Figure 48) slidable over pins
567 on opposite sides of the machine. Each link
is provided with rollers 868 engaging bail 269, the
links being biased upwardly ‘by o spring 569.
Links 566 are hinged to cam levers 570 and 57§
by eccentric studs 572 so as to provide for ad-
justment of the mesh between gears 271 and i89.

“The cam levers carry rollers §73 in engagement

with cams 574 on shaft 43! so that the links 566
are positively pulled down by the setting cluich
rotation.

Means are pr0v1ded for latching the carriage

in raised position when the accumilator is not

in operation and during shifting or clearing op-

2,211,736
Cams 220 and 221 (Figures

erations, and for latching the carriage in its lower
position during engagement of gears 271 and 189.
This means includes a latch lever §7§ in the form
of & bell crank pivoted at $76 and having a nose

B77 formed at the upper end thereof to engage’

the lower edge of lateral extensions 578 on cam
levers 570 and 57f. The latch levers are urged
to engage the extensions 8§78 by spring 579, and

are normally efiective to maintain the carriage

in its raised position.

" To disengage the latch levers §75-and permit
lowering of the carriage upon beginning of a set-
ting clutch operation, as well as to latch the
carriage in its lower position, means are pro-
vided to move levers 575 and so rock their noses
517 out of engagement with the lower faces of
extensions §78, and back into engagement with
the upper faces thereof, A lever 580 is secured
to shaft 581 (see Figure 36) in position to be
engaged by an extension 582 on rock lever §52,
so that rocking of plate §52 by reverse cams 5506

and 55! also rocks shaft 581, to which rocking-

arms 583 and 584 are attached (Figure 36). Arm
583 'is connected to levers 575 by pivotal con-
nections 585 so that when they are thus rocked,
the links 586 are not held by noses 577, and cams
574 may then lower the carriage. As the carriage
reaches its down position, cams 556 and 55!, by
rocking plate 552 and arm 580, permit springs
579 to pull the latch levers counter-clockwise to
reengage extensions 578.

Rocking of shaft 202 to release pawls 26{ from
the blocking of gears {89 is accomplished in time
with the dipping of the carriage so that release
of the gears {89 is properly coordinated with the

lowering of the carriage and the meshing of gears

211 with gears 189.. Keyed to the shaft 202 on
each side -of the machine are depending levers
586 slotted to receive pins 587. The rocking cam
lever 518 at the right hand side of the machine,

looking from the front, includes an integral ex-'

tension 588 which carries one pin 5§87 while, at
the left hand side of the machine the lever 57 has
an extension 589 carrying a similar pin §87. As
appears in Figure 48, the members 388 and 589
are of different shapes because of the necessity
of getting in and around certain other operating
parts which might otherwise interfere.

When the setting clutch rotates the cam 518 to
rock the cam levers 578 and 571, the pawls 20}
are thus released, except in those orders in which
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a Zero has been set up, as has been previously ex- -

plained. .

Movement of latch lever 575 is effected under
the control of the described mechanism, ‘and
means are provided for releasing the latch lever
575 at the end of main clutch operation. These
include (Figure 49) lever 584 secured to shaft
881, as are levers 588 and 583, so that the three
move in unison. Hung on shaft 590 is a lever 591,
one end of which is provided with an extension
592 lying against lever 584 and having a portion
in engagement with cam 598 keyed to a sleeve
594 rotatably mounted on shaft 595. This sleeve
is driven by a separate clutch operated only as
an incident to the termination of operations, and
known as the “restore clutch.”

When the main clutch dog 39% is moved to stop
and release main clutch 428 and open the motor
circuit, as will be described hereinafter, the re-
store clutch starts operation and cam 593 is ro-
tated. This rocks lever 58i clockwise to move

‘lever 584 and so rocks levers 575 to release the
" latched-down carriage through the rocking of
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the levers 515 by levers 533 and pivotal con-
nections 588. ,

The sleeve 594 carries another cam 596 (Figure
48) which is employed to prevent the carriage
from rising too rapidly. Lever ‘897, hinged on
shaft 598 bears against this cam and against a
lever 599 keyed to shaft 600. Lever 60i is also
keyed to this shaft and is joined by a pin and
slot connection 602 to one of the links 566 so
that the rate of rise of the carriage under the
pull of springs 569 is no greater than that per-
mitted by cam 596.

AUTOMATIC CLmARANcm INCLUDING MOTOR START AND
' Stop

To clear the previously described accumulator
mechanism it is necessary to rock the clearing
shaft 320 the requisite amount, as has been pre-
viously described. Since the shaft 320 is jour-
naled in the carriage and moves laterally there-
with in shifting operations, and since it is desir-
able to transmit power from the motor to rock the
shaft in any lateral position of the carriage, an

-extensible driving connection is provided where-

by a conneection may be effected between the
motor and the shaft 320 at any time.

Power for this clearing operation is trans-
mitted through a one-revolution clutch 360 (Fig-
ures 30 and 31) driven by the motor through
gear 361 (see also Figure 53) which meshes with
idler 362 in the main clutch gear train. A cam
363, keyed on a sleeve integral with the driven

-side of this clutch, is adapted to impart a clock-

wise rocking movement to lever 364, pivoted at
365 and held against the cam by spring 366, and
to thus move the rigid U-sectioned link 3617, con-
nected to the upper end of lever 364, to the right,
as viewed in Figure 30. The left end of link 367
Is pivotally ‘connected to a lever 368 fixed to a
sleeve 369 splined to slidable shaft 259, which
shaft is journaled in and laterally shiftable with
the carriage. This shaft is therefore rocked
counter-clockwise by operation of the clutch 360,
no matter what the position of the carriage at the
time.

As shown in Figure 17, this rocking movement
of shaft 259 is transmitted to shaft 320 by means
of an arrangement comprising levers 370 fixed to
opposite ends of shaft 259 and carrying rollers
371 adapted to cooperate with cam surfaces on
levers 372 fixed to opposite ends of shaft 320,
so that the latter shaft is rocked clockwise, as
viewed in this figure, when the former is rocked
counter-clockwise.

The accumulator clear key 373 (Figure 1), by
which the clutch 360 is controlled, is mounted
above the control keys, to be Dbresently de-
scribed, so as to be convenient to the operator.
Frame stud 3% (Figure 30) lying in a slot in the
clear key stem 375 limits its downward movement,
while the end of key stem 3715 is connected to
lever 316. Stud 377 supports one end of lever
376 for rocking movement, while the other end
of said lever carries a pin 378 engaged by bifur-
cated end of clutch operating lever 379 jour-
naled on shaft 380 which also supports clutch
dog 381. The clutch operating lever 379 is con-
nected to the clutch dog 381, as shown in Fig-
ure 31..~
The clutch dog 38! is normally held in posi-
tion to lock clutch 360 against rotation, and the
key 313 is held in raised position by spring 382.
Thus, clear clutch 369 is not effective to transmit

power from the motor until dog 381 is moved

rearwardly to cause clutch engagement. The

15

construction of this type of clutch is well known
and is similar to that shown in Figure 11 of
Friden patent 1,643,710 to which reference may
be had for details thereof. :

Upon rearward movement of the clutch dog
and resulting engagement of the clear clutch,
cam 363 on the driven side of the clutch rocks
lever 364 which resuits in clearing of the accumu-
lator, as has been described. .

The clear key can start and stop the motor by

~means of the following mechanism. Clutch dog

operating lever 379 has a downwardly projecting
arm 383 positioned over a lateral shelf 384 on
bell crank 385 freely supported on shafi 386 in
a position wherein a pin 387 on said crank is
within the bifurcated end of lever 388. This
lever 38 is supported on shaft 389 and carries an
extension 390 of insulating material, which is
normally pressed against one of a pair of contact
arms 391 to spread the contacts and maintain
the motor circuit open. When arm 388 is moved
counter-clockwise by depression of clear key 313,

" the motor circuit is closed until clockwise rocking

of the lever occurs, when the motor circuit is
opened, spring 392 biasing the lever 388 to keep
the circuit oper.

Operation of the motor for st least one clear-
ing operation is secured, since, with the clearing
clutch employed, clutch dog 381 can not enter
the clutch housing and cause disengagement until
one clutch revolution is practically complete, as
is explained in the aforementioned Friden patent.
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Contacts 391 can not be opened therefore, since -

lever 388 is held depressed by arm 383 on lever
319 which is held depressed by the clutch dog
until the clutch housing has made a revolution
when, if the clear key is not held down, the clutch
dog may. enter the clutch housing and permit
lever 319 to rise and release the contact opening
mechanism.

To prevent operation of the clear key when one
of the operation control keys is depressed, means
are provided for locking out the clear key, upon
operation of one of said keys. In the form shown,
this interlock comprises lever 393 attached to
shaft 386 and rotatable therewith. Upon’ rota-
tion of shaft 386, as by movement of either the
main clutch dog 394 or the setting clutch dog
395 which rocks lever 336 as hereinafter described
(Figure 44), arm 397 on lever 393 is moved,
against the pull of spring 398, to engage shelf
384 on lever 385 to move arm 388 to cause contacts
391 to close. Rotation of-shaft 386 can be effected
only by a control key other than a clear key and
shelf 399 on lever 393 is moved rearwardly by
rotation of this shaft 386 to underlie extension
400 on lever 376 and prevent
of the clear key.

Depression of the clear key also locks out the
other control keys, extension 400 rocking in to the
right of shelf 399 and so preventing rocking move-
ment of shaft 386. The free mounting of lever
385 on shaft 386 permits arm 388 to be moved
without moving lever 397 so that the clear key
can actuate the clearing mechanism and the mo-
tor without disturbing other controls.

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 lever 401 engaged with
bell crank 402 by a pin and slot connection 403,
The bell crank includes a lug 404 lying within a
slot in arm 388 so that clockwise rocking of the
bell crank results in a closing of the circuit. The
bin and slot connection Permits the other con-

effective depression-
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trols to open and close the clrcult without oper-

-ating link 401.

As has been previously mentioned, upon open-
ing of the presently described main clutch by

‘movement of its clutch dog 394, of the setting

clutch by movement of its dog 395, or of the re-
store clutch- by movement of its dog 205, the
shaft 386 is rocked by lever 896 which is pinned
thereto (Figure 44). Lever 386 includes a lateral
extension 408 overlying the setting cluich dog

- 395 and another extension 4089 on the main clutch

dog 394. - If, under the control of mechanism to
be presently described, the main clutch dogis

" held open, the shaft 386 will be maintained rocked

15

in a clockwise direction so that the contacts re-
main closed, and the ‘motor continues to operate.

Upon the setting clutch dog or the restore clutch
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dog being moved to a clutch opéning position, the
shaft 386 is immediately rocked, or is held in
rocked position, depending on the sequence of
operations which occurs.

A presently described operation of the machine
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 be-
ing opened during that cycle and remaining open
under the control of the operating means initiat~
ing 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 clockwise movement of dog 394
around its supporting shaft.

ADDITION BAR MECHANISM AND OPERATION

The addition bar 808 is ordinarily used for se-
curing a single additive operationr but may be
used for multiple addition as hereinafter dis-
closed. The bar is capable of initiating operation
of the motor, the setting clutch 436, the main
clutch 428, and the several functions and opera-
tions controlled by these clutches, including the
operation of the restore clutch at the conclusion
of main clutch operation, and this irrespective
of whether or not the operator maintains the bar
800 depressed or permits it to be returned after
or during the single cycle of operation.

This bar (Figures 1 and 54) is provided on the

_ right hand side of the machine and is mounted
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upon the control plate. The bar proper is car-
ried by a frame 86{ which is supported by par-
allel link mechanism formed by bell cranks 802,
both pivoted upon the frame plate. One end of
each of these bell cranks is joined to the frame
804 while the other end is connected by link 803.
Spring 864 is tensioned between one of the bell
cranks and the frame proper to hold the bar in

raised position. The frame 88! includes & pro-

jection 888 overlying a pin 806 which is carried by
another parallel link mechanism (Figure 55)
comprising arms 807 and 808, respectively carried
by studs 809 and 810, and a connecting link 8{1.

The arm 807 has a depending arm 812 having
a notched end thereof. held, by a spring 8{5, in
engagement with a shelf 813 on a bell crank 814
pivotally mounted on lever 8(6. Downward
movement of the  lever 812, when its end is
hooked over the shelf 803, results in the bhell
crank 8i4 being rocked about its pivot on the
lever 816, the shelf 813 depressing oné arm of the
lever 816 and causing that member to rock shaft
817, upon which it is pinned, clockwise. Lever
816 hooks over extension 988 on the division key
link 903 to prevent the division key 900 from
being depressed (see Figure 77). Also secured

2,211,786
- to shaft 817 is & member 8[8 (Figures 56 and '75)

having an ear 818 extending into the path of

movement of a spring pressed operating member

828, as appears in Figure 75. The ear retains
this member 820 latched against the action of
the strong spring 821 which tends to rock it
clockwise. The member 820 is fixed to shaff 822
to which lever 828 (Pigure 41) is also secured.
This lever 823 is connected to the main operating
bar 503 by means of link 824 and a pin and slot
connectiori 825 so that movement of the member
820, under the pull of the spring 821, results in a
downward movement of the main operating bar
503 and release of the setting clutch with con-
sequent operatlon of the machine, as hereinbefore
described.

Depression of the additlon bar condmons the\

main reverse unit for positive drive if it is not

_in condition for this without altering the effective

setting of the multiplier reverse lever, as will be
presently described. The depression of the bar
brings frame 86{ (Figure 54) into'engagement
with foot 874 on bell crank 868 (see also Figure

10

15°

20

57) to rock shaft 869 and lever 87! pinned there- .

to in case they have been previously set to nega-
tive position. Link 872 connects lever 871 fo
pendular lever 545 so that counter-clockwise
rocking of shaft 869 and lever 87{ moves link
547 rearwardly to condition the reverse unit and
bring foot 867 into position to prevent depression
of the subtraction bar 860. The reverse con-
trol lever 545 is maintained in position until
completion of the operation, point 88f{ on mem-
ber 818 abutting either side of extension 882
(Figure 56) on the lever 545.

After the selecting operation, as heretofore de-
scribed, has been completed, and as the main
clutch is being engaged by operation of the set-
ting clutch operated cams, the keybeard is auto-
matically cleared by the following mechanism.

The parallel link assembly comprising mem-
bers 807, 808, and 8i! (Figure 55), which was
depressed by depression of the add bar 808, also
has ;2 pin support 82i(® for one end of a link
8380 (Figure 58) which has a slot 8228 adjacent
one end, embracing said pin, and a bifurcation
adjacent its other end embracing & pin 83f on
the keyboard clearing gate (25, which as previ-
ously described, is also adapted for manual opera=
tion by the keyboard clear key 122 to release all
depressed keys. A spring 834, tensioned between
one end of link 838 and a frame stud, normally
maintains the link 830 and the parallel link as-
sembly in. raised position, -

When the link 838 is lowered, by depression
of the add bar 800, a lug 829 on said link is
carried into the path of a lever 827 pivotally
mounted on shait 388 and adapted to be rocked
as the main clutch is engaged, by means of a link
8286 connecting said lever 827 with a bell crank
520 pinned to the shaft 584, which is the shaft
carrying the main clutch dog operating lever
509 (see also Figure 42). Since this shaft is
Tocked counter-clockwise by cam 517, bell crank
520 and lever 827 will be similarly rocked, and
the nose 828 of the latter impinging upon lug
829 will move link 838 to the left (Figure 58),
rocking gate 125 clockwise and releasing all de-
pressed keys automatically.

The operation controlling mechanism xs also
freed from control of bar 808 by this movement
of link 838. As the link moves to the left (Figure
58) a second lug 835 thereon rocks lever 8{2
clockwise removing its notched end from over
the shelf 813 of bell crank 8i4 and permitting
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spring 837 (Figure 55) to rock the bell crank
counter-clockwise against stop 836, thus pre-
venting reengagement of lever 81% over the shelf
813 uritil the pin 808 has been permitted to rise.

Release of bell crank 814 permits spring 850
to rock lever 818 and its shaft 8¢7 back to nor-
mal position as soon as ear 8i{9 on lever 8f@
which is also fized to shaft 817, has been released
irom its position underlying the hookeg portion
of lever 820.

. Rising of pin 808 i{s prevented pending such

release, however, by another interlock provided
in the mechanism shown in Flgure 55. Mem-
ber 818 has & bifurcated exténsion 815 engaging
a pin 876 on a bell crank 877 freely supported on
shaft 878, which bell crank has & nose 879 over
whick a lateral extension 880 of lever 807 rides.
Extension 888 rises as pin 808 is depressed, so
that when pin 808 has reached its lowermost ps-
sition, the exiension 888 will overlie the end of
bell crank 817, member 816 having been rocked
in the meantime in a clockwise direction also, so
that lever 807 can not rise until the end 378 of
bell crank 877 has been removed from beneath the
end 880 of the lever 801.

To restore these parts to normal position, i
is therefore necessary to rock lever 828 counter-
clockwise, against the tension.of the strong
spring 518, to its original position, where it will
be latched by engagement of the ear-8i8 with
the end of the hooked extension thereof. This
function is accomplished by the operation of the
restore ciutch 780.

Unless a muliiplier key has been depressed con-
currently with the add bar, the main clutch will
be disengaged after a single cycle of machine op-
eration, and will initiate operation of the re-
store clutch, as previously described. This is be-
cause the multicycie cluich dog latch €38 (Fig-
ure 60) is held out of engaging relation with the

cluich dog ear 620 by a lug 2052 on lever 2050 .

unless said lever has been rocked by the move-
ment of the multiplier differential bar in set-
ting & “two” or larger selection, as described in

deiail in connection with the automatic multipli- .

cation mechanism. Normally, therefore, the
main clutch dog 628 is permitted to rock back
into contact with the clutch as soon as it is re-
leased by the temporary latch 628 during the
first eycle, and at the end of the cycle, operation
of the main cluich will be arresied and opera-
tion of the restore clutch initiated as described
in connection with the detalled description
thereof, i
Operation of the restore cluich relatches mem-
ber 820 (Figure 75) in engagement with the ear
8i9 of lever 818 in the positiorn shown in this
figure. Freely mounted on the shafi 822 to
which the member 828 is pinned, is g lever 848
which Is adapted to be rocked through lever 847
and links 846 and 84% by & cam 848 keyed to a
sleeve attached io the driven side of the restore
clutch. Pivotally mounted on the lever 884 is &
bell crank 843 (see also Figure 76) having e pin
848 lying in a slot in a beli crank 842, also freely
mounted on shaft 822 and positioned by a spring
843A tensioned between one arm of the bell erank
842 and a frame stud. The other arm of bell
crank 843 is notched {o engage a lateral extension
841 on lever 828, but as lever 844 is rocked coun-
ter-clockwise by the cam 849, spring 843A is ten-
sioned somewhsat and rocks bell crank 842 clock~
wise, rocking bell crank 843 counter-clockwise
enough to cause its notched arm to override and
miss the lateral extension 841 if said lateral ex-
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tension is in the position shown in Figure 75.
However, If the lever 820 has been released by
ear 819 and rocked clockwise by spring 82, ex-
tension 84! will intercept and engage the notched
arm of bell crank 843 before it has been rocked
too far by its spring 843A and movement of lever
844 will thus be transmitted to lever 8§28 to re-
store it to the position in which it is shown in

_Figure 75, the noich of bell crank 843 preventing
‘disengagement of the parts during this operation.

This arrangement prevents the bell crank 843
from siriking the extension 84i during every
operation of the restore cluieh, in division oper-
ations, et cetera, and thus reduces noise in oper-
ation.

In this manner the mechanism is reconditioned
and restored for another cycle of operation under
any desired control mechanism.

SUBTBACTION BAR MECHANISM AND OPERATION

The subfraction bar 880 (Figures 1 and 54) is
ubilized for effccting s single cycle of negative
operation or for repeated subtraction in connec-
tion with the multiplier keys. As appearsin Fig-
ures 54 and 5%, this bar is mounted upon s stem
86! supported by pins 862 in suitabie slots therein
and held in ifs raised position by a spring 883.
The stem 861 is provided with a projection 864
which overlies the pin 806 and operates the mech-
anism associated with that pin which has been
described at length under the operation of the
addition bar 800. As has been disclosed, de-
pression of the addition bar 800 positions the re-
verse unit disclosed in connection with Pigures
36 %o 40 inclusive, by rocking pendular lever 548
in a counter-clockwise direction, if necessary, so
that link 547 is moved to the vear of the ma-
chine. Opposite movement of lever 545 by the
subiraction bar is effected by extension 864 there-
on engaging shelf 887 on & lever member 868
which is pinned to shait 869. Lever 87, pinned
to sald shaft, is connected by link 872 to the
pendular lever.545 so that when the subtraction
bar 860 is depressed, the shaft 86¢ is rocked in &
clockwise direction and lever 545 pulls link 547
to the left to condition the main reverse unit for
negative operation.

ILever 868 includes s shelf 874 thereon which
acts as an interlock, together with the shelf 867
between the addition and subtraction bars, 'Thus,
when the subtraction bar is depressed, the shelf
874 is positioned againsi one of the links 802 in
Figure 54, while, when the addition bar is de-
pressed, shelf 867 is placed against extension
8E4 of the subtraction bar to prevent it from be-
ing depressed.

The member 18 includes a point 88{ whick,
upon depression of the subtraction bar engages
one side or the other of extension 88% of the pen-
dular lever 548 to reiain the reverse controls in
set position.

CENTBALIZING OF HALF AND QUARTER SPEED SHAFTS

The half and quarter speed shafts, {66 and i§7,
are centralized so that the gears on each shafi
are located in one of several predetermined po-
sitions of rest (Figure 52). The ceniralizing
means inciude centralizing cams 650 and 65 re-
spectively, provided on the half and quarter spesg
shafts, the cam 650 having two indentations ané
the cam 65{ four indentations because of the dif-
ference in the cyclic rotation of the shafts,
These cams are provided at the end of the re-
spective shafts adjacent to the outside face of
the lef frame plate upon which are hinged pairs
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18
of arms 682 and 683 respectively engaging the
quarter and half speed shaft cams, Each pair of
arms is pulled together by spring 858 so that roll-
ers 656 thereon engage the periphery of the cam.
The centralizer for the quarter speed shaft oper-
ates at all times when the quarter speed shaft is
rotated. The centralizing mesns for the half
speed, however, is preferably locked out of oper-
ation during multicyclic operation to reduce the
noise of operation. Thus the arms 683 include
projections 886 between which iatersl projection
867 on bell crank §68 can be positioned to hold
the arms 688 apart. A spring 658 pulls the bell
crank in a clockwise direction, movement of the
bell crank being limited by a projection on an
arm 666. The arm 688 is pinned to a shaft 86
ab the left hand side of the machine. This shaft
‘extends from the left hand frame plete of the
mechine through the machine to adjacent the
main clutch operating dog at which point another
lever 662 is pinned to the shaft. This lever has o
nose §63 which is engaged by lateral projection
628 on the main clutch dog 898. Whenever the

. Main clutch dog is rocked in g clockwise direction,

25

to open the clutch, the arm 862 is released and is

- rocked in & counter-clockwise direction by spring

658 pulling on the bell crank., This brings the
lateral projection 657 between the vrojections

. 856 on the arms 653. Thus, whenever the main

36

clutch is held open for more than e single revolu-
tion, the arms 658 are latched apart and the cen-
tralizing means on the half spzed shaft does not
operate. This materially reduces the noise, since

. the centralizing of the shaft at high speed multi-
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cyclic operations is unnecessary and, in actusl
operation, produces some noiseg,

When the meain clutch dog is released and is
free to contact and stop the main clutch, the pro-
Jection 820 on the clutch dog engages nose 663
and forces bell crank 658 counter-clockwise to
remove projection 687 from between the srms
868 before the main cilutch dog contacts the
cluteh, :

Resrore CLUTCR

The restore clutch 768 is employed to effect the
release of the carriage latch member 586 angd to
control the rate of the return of the carriage from
its dipped position, as well as certain functions
hereinafter described in connection with multi-
plication and division operations. This clutch is
jointly controlled by the dipping carriage and by
the main clutch dog, in such & way that when-
ever 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 spring
bias tending to move the clutch relesse dog asIay
from the restore clutch and permit engaggment
of the restore clutch, but as this dog is normally
latched by member 781, the spring is prevented
from becoming effective until completion of the
main clutch cycle. The raising of the carriage
is initiated and controlled by the restore clutch
and this carriage movement is utilized to re-
verse the spring bias en the restore clutch re-

" lease dog so as to tend to return it home so that

70
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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 eycle of
operation. ] .
The clutch particularly employed is similay to
that disclosed in the patent to Friden, number

2,311,786

1,643,710, previously referred to. This clutch,
which is mounted upon and driven by shaft 669
(Figures 50 and 53), is directly controlled by an
extending nose 702 on a clutch release dog in the
form of a bell crank 405 which is freely supported
on a shaft 608 (see also Figure 48). For con-
trolling the clutch release dog, an M-shaped
member 783 is provided which has one foot rotat-
ably mounted on the shaft 600, and a lug 784
thereon, supporting a spring 705 compressed be-
tween itself and the left arm of bell crank 485,
An arm 722 keyed to the shaft 888, and thus
rocked by dipping movement of the carriage, is
resiliently connected to the .A-shaped member
783 by a link unit 723 shown in detail in Figure
51A. As appears in this figure, the link

structure includes a first link member 706 se-

cured by a pin 789 to the arm 722, and another
link 711 secured by pin 712 to the M-shaped mem-
ber 788, the other ends of each link being slotted
as at 713 to receive either the pin 168 or 742,
Each link has a cut out portion into which two

tenons 744 and 715 extend, the respective tenons

being of different lengths so that s column sup-
port s provided for the spring 71§, 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 compressed so that the
spring tends to maintain the link at a given and
constant length while being continuously sup-
ported by the overlapping tenons.

As the setting clutch rotates, the main clutch
dog 885 is withdrawn from contact with the main
clutch and an exension 468 on said dog is with-
drawn from beneath a latch member 781 pivoted
on & frame plate, thus permitting said latch
member to be rocked counter-clockwise by its
spring ¥17 tensioned between one end thereof and
the frame. A lateral extension 7(8 on said lstch
member is thereby brought beneath the face 719
of the W-shaped member 703 to prevent the low-

_ering of the carriage, which ensues immediately,
from rocking the restore clutch dog 485%. The.

foot of M-member 103 is provided with a shelf
128 overlying one end of a bell crank 72! which
is rotatably supported on shaft §{{. The other
end of bell crank 72! is provided with a roller
107 lying against the periphery of a cam 788 on
the setting clutch shaft 484. On rotation of the
setting clutch, the bell crank 72! is rocked and
shelf 728 is raised by the end of the bell erank to
rock the M-shaped member 103 slightly clockwise
about the shaft 600. This raising of the member
782 not only insures that the lug 718 of the latch
member 1601 will engage under the face 719 prop-
erly when the main clutch is engaged, but pro-
vides for the situation, occurring in certain divi-
sion operations, when operation of the setting
clutch does not cause engagement of the main
cluteh. " In this situation the latch member 781
is not permitted to rock and the cam 708 serves
to delay operation of the restore clutch until

-near the end of the setting clutch cycle, The

reason for this delay will appear in the descrip-
tion of the division mechanism hereinafter.,
As the setting clutch continues to rotate, the

‘dipping carriage is lowered and shaft 588 is

rocked counter-clockwise by arms 661 (see also
Figure 48) keyed ther/eto and connected with the
carriage lowering links 566. Arm 722 (Figure 51)
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keyed to the shaft 680, is thus lowered, and since -

- the M-shaped member 703 is held by the latch

member 704, the link unit 728 is lengthened and
its spring 116 compressed. :
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The parts remain so positioned until the main
clutch dog 3899 is permitted to reseat in the
notches of the clutch discs, whereupon the ex-
tension 409 strikes the lateral projection Ti8a
of the latch member 1081, rocking it clockwise and
removing its lug T18 from under the face T19 of
member 703. Spring Ti6 is then permitted to
expand, shortening the link unit 723 and rock-
ing the member 103 counter-clockwise to corre-
spondingly move the restore clutch dog 4085
through its contact with lug 724 on said mem-
ber 103.

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 directly
through the link unit 723 to rock member 703
clockwise, and to compress spring T{6 until the
nose 1082 of the restore clutch dog 405 can re-
enter the aperture of the housing to disconnect
the clutch, whereupon the mechanisms are
brought to rest in the position shown in Figure 50.

MAIN REVERSE UNIT

For reversing the direction of drive of the
elements 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 36 to 40 inclusive)
is mounted on the fixed main clutch support
shaft 428 and is driven (Figures 32, 35, 36 and 38)
from the main clutch by a sleeve 4{8 on shaft
429 which sleeve is keyed to the driven side of
the clutch and has projections 451 engaging
slots 452 in the end of sleeve 453 of the reverse
unit.

The unit 450 includes a clutch plate 454 in-
tegral with sleeve 453 (Pigure 39) which rotates
on the fixed shaft 429. Notched drive discs 458
and 456 are rotatably mounted on sleeve 453 on

- opposite sides of plate 453 and disc 455 has rigidly

" 45 secured thereto gears 457 and 458, while disc 456
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has a gear 459 fixed thereto. -

Driving connection between clutch plate 454,
rotated by the main clutch, and either gears 457
and 458 or else gear 453 is secured selectively by
effecting a driving connection between the plate
and either of the discs 455 and 456. Clutch plate
454 includes three arms 460, 46f, 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 thereof (Figures 36 and 37), which are co-
operatively positioned with respect to notches 467
and 468 respectively in the discs 455 and 456
(Figure 39). When extension 466 is in engage-
ment with notch 468 in disc 456, a driving con-
nection is established between the plate 454 and
disc 456, while if extension 465 is engaged with
the notch 467 in disc 459, a driving connection
is established beiween plate 454 and disc 455.

Selective engagement of notches 467 and 468
by the dog 463 is secured by a reverse control
unit 469 (Figure 36) adapted to engage either
lever 410 or dog 463. Lever 470 is hinged on arm
461 of the plate 4§54 and is secured to dog 463
by link 47{ connected to opposite arms of the
dog 263 and lever 470. The other arm of the
dog 353 engages pawl 412 (Figure 36) which is
hinged on arm 462 of plate 454. Pawl 412 is
urged in a clockwise direction by spring 413 posi-
tioned between plate 454 and one end of the pawl.

19

The tail 474 of the pawl overlies the end of dog
463 when the unit is in the position shown in
Pigure 36 with foot 465 in notch 467. When the
unit is in the opposite position and foot 466 is
in notch 468, tail 414 of the pawl 4712 abuts face
415 on the dog to lock the dog 463, the tension
of spring 473 being sufficient to urge the dog
into one of the two disc engaging positions.

Since the reverse clutch unit 450 rotates with
the main clutch, & half turn constitutes a cycle
and the unit always stops with either the ratchet
dog 463 or lever 4710 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 40) of the control plate 469, sald
arms carrying projections or integral lugs 483
(Figure 37) 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 53) in the following
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 en-
gaging gear 457, in a one to one ratio therewith.
The quarter speed shaft is driven off gear 488
on the half speed shaft at a two to one reduction
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 482 on the quarter
speed shaft driving gear 489 on the twelfth speed
shaft.

When gear 489 is driven by plate 454, the
twelfth, guarter, and half speed shafts are driven
in the opposite direction. Instead of gears 487
and 458 being driven directly from the main
clutch, a gear train, including idler 490 engaging
gear 459, is used. This train includes gear 459,
idler 480, gear 491, and gear 492 secured tc a
common sleeve 483 and driving gear 458, thus
rotating gear 457 in the opposiie 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 36) which may con-
dition the main drive for reverse operation suto-
matically by operation of the setting clutch #30.
These include the previously described reverse
unit.

A pendular lever 545 is capable of being acted
upon by various control mesns and operating
means hereafter described to cause actuation of
the reverse unit and change its setting. The
pendular lever 945 is hinged on stub shaft 546,
and a reverse unit controlling bar 547 is hinged
thereon and supported by a link 548 having a
bifurcated end slidable about setting clutch dog
shaft 501. The reverse uait control bar 547 has
an upturned end 548 underlying the reverse con-
trol unit 469 which is hinged on shaft 386 so
that whenever shaft 431 is rotated by the setting
clutch, and cams 550 and 55f rock plate %52,
shelf 553 will engage and raise the reverse con-
trol bar 547 to bring the upper face of its up-
turned end 549 into contact with one or the other
of cross-tles 554 and 555 (Figure 36) on the
reverse control unit 421,

The reverse control unit 469 includes a portion
556 having a radial slot 557 therein through
which shaft 558 extends, and a spring pressed
pawl 539 is hinged on the plate to releasably
retain the control unit with the pawl on one side
or the other of shaft 558, after it has been set
by movement of reverse bar 541. Spring 560,
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as shown in Figure 386, is normally effective to
position lever 647 in its rearward position so that
it will be raised by cams 550 and 55¢, upon rota-
tion of the setting clutch 438 and shaft 431, to
engage cross-tie 556, The reverse clutch is
thereupon conditioned by control unit 468 to
drive the calculating mechanism in the adding
direction.

If the pendular lever §4B is moved to draw
reverse bar 541 forward, by any of the controls
hereinafter described such as the subtraction bar,
or any of the minus setting mechanisms, the
upturned end 548 of lever 547 is placed beneath

- eross-tie 558 so that, when the cams 686 and
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881 are rotated, the reverse control unit 469 con-
ditions reverse unit to drive the calculating

mechanism in the subtractive direction. The’

pawl 630 retains the control unit 468 in position
between operations of the setting clutch.

SETTING CLUTCH

The present machine employs a setting clutch
and mechanism driven thereby to effect various

operations incident to the commencement of & .

calculation -under the power of the motor. In
this way the operator is not required to furnish
the power requisite to such operations by manip-
ulation of a control key. This improves the ac-
curacy of the operator and quickens operation
since the operator is not tired as much as with
& machine requiring heavy pressure to manipu-

. late its keys.

35
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Operation of the setting clutch 438 is under
the control of the machine operator, particularly
through the instrumentality of various operation
control keys presently described. The control of
the clutch 436 is such that, immediately upon
depression of one of said keys, the clutch is en-
gaged, clutch dog $84 being. raised to release the
clutch, start the motor, and permit shaft 48{ to
be driven. Normally, however, the clutch dog 884
(Figure 41), which is freely supported on shaft
600 (Figure 44), is held in engagement with the

- clutch by spring 502, -

To permit operation of the setting clutch by
any one of the control mechanisms hereinafter

. described, an operating bar 5823 is provided which
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is adapted to be directly or indirectly operasted by
gll of them. Bar 883 Is supported on the right
side of plate 524 (see also Figure 45) by means
of levers 504 and 585 pivoted to the plate 524 at
B0& and BA87, respectively, and to the bar at 5088
and 09, respectively, and is normally held in
raised position by spring 518 tensioned between
the lower end of lever 5§04 and shaft §22.

So that lowering of the bar 363 may lift the
clutch dog 894, e bell crank 512 is pivoted to the
lever 508 at 818, and provided with a notched arm
§i4 which overlies a lateral extension 5i{5 on
clutch dog 394 when the bell crank is in the posi-
tion in which it is normally held by a spring 818
tensioned between the other arm of the bell
crank and bar 563.

To limit operation of the setting clutch 438 to
‘g 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 294 to cause disengagement of the clutch
after half a revolution of the clutch and shaft
431, even though the control key initiating oper-
ation of the clutch 430 is held in depressed posi-
tion. This includes releasing the clutch dog 394
from hooked arm 6{4 so that -the spring 5082
may move the clutch dog to contact the clutch
436, particularly one of the notches 423 and 424.
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The mechanism for effecting this operation in-
cludes the cam §{7 (Figure 42) on the setting
clutch shaft 431 (Figure 45), which is engaged
by a roller 818 on the rocking lever 518 pinned to
shaft 60f. A bell crank 520 (Pigure 41) is also
pinned to shaft §8{ and is provided with a lateral
projection 52{ at its forward end which may en-
gage the arm 516 and rock the bell crank 502
against the tenslon of spring 518, about pin 513,
to release the lateral projection §15 of the clutch
dog 894, : .

Immediately upon operation of clutch dog 398
by arm §44, engagement of clutch 436 ensues and
shaft 431 is rotated. Cam B{7 thereupon rotates
and moves projection B2f to engage hooked arm
62 and release the clutch dog 388 which, under
the tension of spring 582, is urged to stop the

" cluteh 488 and the shaft 83! upon completion of

half a revolution. Spring §22 tensioned between
bell crank 626 and the Trame, urges shaft 50f
clockwise and keeps roller 518 against cam 517.

The setting clutch, under the control of the op-~
eration control keys of the machine, operates
the previously described power set selection and
locking system, and effects the dipping of the ac-
cumulator 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 initi-
ated during operation of the msain clutch.

For these purposes, the setting cluteh controls
the operation of a shaft 431, which, in Pigure 45,
is shown extended between the left side plate 523
and the center plate §248. Upon this shaft are
mounted in succession from.left to right, the
first dipping mechanism cams, the first set of se-
lection lock gate cams, the several selection set-

_ ting cams, of which three sets are usually em-

ployed, the shaft centralizer cam, another set of
selection lock gate cams, the second dipping
mechanism cams, the center plate; and, on the
other side of the center plate, the main reverse
cams, the setting clutch proper, the restore clutch
conditioning cam, and the main clutch starting
cam, at the end of the shaft.

Man CLurcH OPENING

The main clutch is engaged and its operation
initiated by the setting clutch. Thus, when any
one of the operation control keys is depressed,
and the setting clutch started in operation, as
has been previously described, the main clutch is

automatically engaged, upon operation of the

setting clutch, 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 32 to 35, inclusive. The
main clutch 428 is fixed to a rotatable sleeve
mounted on the fixed shaft 428 which is posi-
tioned between frame plates 524 and 810 of the
machine (Figure 53). The clutch is controlled
by clutch dog 385 (Figure 42) mounted on stub
shaft 6t and urged into engagement with the
main clutch by spring 625, tensioned between
the left end of the dog and the frame.

A rocking lever §19 is pinned to shaft 561 and

" carries a roller 818 in engagement with the cam

517 carried by the setting clutch shaft 831 (Figure
42), The rocking lever carries & member 6§2
hinged thereon and urged to rock clackwise with
respect to the rocking lever by spring 613, move-
ment between the lever and member being lim-
ited by a pin 614 on the lever lying within a2 notch
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on the member §12. The member 812 is provided
with a nose 618 which may engage a notch $16 on
clutch dog 398 with a hooking action to prevent
disengagement of these two parts. The push of
member 612 against the dog serves to raise said
dog toward the end of the half rotation of set-
ting clutch shaft 431, the dog being rocked clock-
wise, and the main clutch 428 is freed for opera-
tion. Further rotation of cam 8§17 permits return
of the rocking lever to the position shown in
Figure 42 and permits clutch dog 398 to contact
with and stop the clutch when it is freed from
the holding means, hereinafter described, which
can selectively lock the dog out of clutch en-
gaging position for a plurality of cycles. The
hinging of member 6§12 to the rocking lever 519
bermits <he setting clutch to operate without
ovening the main clutch in certain phases of the
division operation as hereinafter described.

INTERLOCK BETWEEN MAIN AND AUXILIARY CLUTOHES

To prevent initiation of another setting cluteh
operation by depression of a control key before
the main clutch has completed operation and has
come to a full stop, means are provided for pre-
venting actuation of the setting clutch during
operation of the main clutch.

This means is in the form of an interlock
which, as is shown in Figure 43, includes rocking
bell crank latch 617 freely mounted on shaft 561.
As disclosed in connection with control of the
setting clutch, bar 503 is depressed upon opera-
tion of any of the control keys, and acts through
bell crank 5i4 to cause engagement of the set-
ting clutch. Spring 619 pulls laich 8i{7 in a
clockwise direction and normally holds it against
extension 620 on main clutch dog 82{ so thatl
when dog 395 is rocked to cause engagement of
the main clutch, latch 617 rocks forward and
engages extension 622 on bar 583 (see also Fig-
ure 41). As latch 817 is released io rotate in a
clockwise direction upon movement of the main
clutch dog 395, the side of the latch sirikes and
is held against projection 622. The latch con-
tinues in this position until the depressed key
is released and bar 503 is raised by spring 3i€
when the latch, under the tension of spring 878,
is released and immediately passes on in its in-
terrupted journey to come to rest with shoulder
823 beneath projecticn 622. In this position,
spring 619 maintains lateh lever 617 in position
to prevent depression of bar 583 regardless of
the operation of the operaiion control keys. The
main clutch is thus free of interruption by in-
tentional or inadvertent depression of another
control key during its operation.

Stopping of the main clutch includes counter-
clockwise rotation of the clutch dog 385 and con-
sequent counter-clockwise rotation of latch 817
to return it to the position shown in Figure 43
wherein the mechanism is shown iree of the in-
terlock and capable of carrying oub any selective
operation upon depression of bar 503.

Main Crutce CONTROL

To insure proper engagement of the main
chutch, temporary retaining means are provided
for locking the clutch dog out of engagement with
the clutch during the first portion of the first
cycle of its operation. This means comprises
lever 825 (Figure 42) rotatably mounted on shaft
626 and urged by spring 621 to engage lateral
projection 628 on the main clutch dog 395. The
lever 625 includes a notch 628 which engages lat-
eral projection 620 and retains the clutch dog
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388 in clutch opening position upon the very
first movement of the clutch dog by the setting
clutch, ag has been previously described. During
the first rotation of the main cluteh, cam fol-
lower §28 is rocked about shaft &{f by cam 630
on the main clutch shaft 428, so that the pin
831 on the cam follower rocks the lever 625 on
the shaft $28 and releases the main clutch dog.

An additional latch is provided, however, where-
by the main clutch dog may be latched free of
the clutch for any selected number of cycles,
and comprises an arm- 632 (Figure 42) and lever
833 pinned to shaft 626 and urged in a clockwise
direction by spring 634 tensioned between lever
$33 and the frame. When the machine is at rest
and bar §03 is in raised position, arm 632 is held
by projection €22 on bar 503. Downward move-
ment of bar §03 is accompanied by movement
thereof to the right and permits lever 832 to
rock clockwise so that shaff 826 is rocked by
the said spring 838. Also pinned on the shafi
826 is an arm $§38 having a notched upper end
and a roller 388 provided adjacent one face of
the notch which may engage lateral projection
820 on the main clutch dog and latch the main
clutch dog out of contact with the clutch. The
roiler 835 permits the main clutch dog to slide off
it easfly and quickly when the end of the clutch
operation has been determined and holds the
main clutch dog slightly lower than does notch
628 so that after lever 625 is once released it
can not reengage the main clutch dog and the
dog Is thus left free to drop home as soon as
lever 833 is released.

If the lever 833 has not moved intc posifion
to engage the iateral extension 820, then the
clutch dog can move to engage the clutch and
stop it after a single cycle of operation. TLever
633 is latched from engaging the main clutch
dog except when multicyclic operations of the
main clutch are called for. As will presently
appear, particularly during multiplication and
division operations, a lever 2050 (Figure 60) is
hung from & shaft 20804 and is biased in a clock-
wise direction by a spring so as to overlie the
tail of a lever 288, also keyed upon the shaft
826. Except when multicyclic operations of the
main clutch cccur as called for, & shelf on the
lever 2050 overlies the tail of lever 2051 and pre-

vents clockwise rocking of shaft 328 so that lever :

533 is prevenied from engaging the extension §20
of the main cluich dog. However, if the lever 833
is permitied io rock, it will engage the latersl
extension 526 and will retain the clutch dog in
clutch open posltion so that further rotations of
the main clutch will occur as has been predeter-
mined.

The main clutch is thus operatively closed and
engaged to drive as long as the operalion con-
trol is effective, sfter which spring 50 returns
bar 583 and puils lever §32 in a counter-clockwise
direction. Shaft 826 is thus rotated and bell
crank 833 rocked o release the extension 820 of
the main clutch dog which contacts, stops, and
disengages the clutch.

AUTOMATIC MULTIPLIER UNIT

The machine of the present invention includes
an automatic multiplier unit comprising a row
of multiplier keys 2181 which is shown in Fig-
ure 1 adjacent to the right hand side of the
machine, under control of which automatic posi-
tive and negative multiplications can be effected.
This unit also includes a key section 2002 (Fig-
ures 59 and 60) which is quite similar to that
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employed for setting a factor of a 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 seft thereby is placed adjacent to the
keyboard and between the keyboard and the di-
vision, plus, and minus keys in Figure 1. The
key section 2002 (Figure 59) includes the usual
differentially settable bar 128 which acts, indi-
rectly, to move the swinging member 132 mount-
ed on shaft 2004. For this purpose, a lever 2083
is pinned to a shaft 2084 which extends to the

- left from the key section 2002 as appears in Fig-
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ures 1 and 59. The differentially settable bar
120 is engaged with a pin 2085 upon this lever.
At the other end of the shaft 2084 another
lever 20606 is secured and is provided with a bifur-
cated end recelving a pin 28087 which is mounted
upon the multiplier selection segment (32. As
has been disclosed in connection with the man-
ually set selection mechanism, the swinging mem-
ber (32 is likewise effective to rotate a selection
cam unit {46 described in detail in connection
with Figures 2, 6, 7, 8, and 9.

The multiplier unit includes members 2{6 and
217 which, as has been disclosed in connection
with the power set selection mechanism, are
effective to sense the setting of the cam unit
{46 and, when the selection gate 236 is released,
position plates 172, 178, (84, and 180. In the
present instance, the multiplier unit includes
jour plates designated 112, {78, 184, and 138, and
cooperating with driven gears 2089 (Figures 53
and 59) driving idler 20186 which in turn drives
gear 20{f, The gears 2089 are keyed to sleeve
20812 supported by shaft {76 which is in turn
driven by the twelfth speed shaft {68 (Figures 53
and 61) through a gear train including gear 2025
on the twelfth speed shaft, idler gear 2828, and
idler gear 2827 driving gear 20628 on the sleeve
2002. Since the twelfth speed shaft is rotated
whenever the main clutch is open, gears 28{! are
driven thereby. As has been developed in con-
nection with the power set selection mechanism,
any one of the group of plates may be selectively
moved to engage the gear 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 actuations of the main
clutch and thereby effect a positive or negative
multiplication in all operations where in the mul-
tiplier value is two or greater. As will presently
appear, rotation of the driven sleeve is utilized to
disengage the main clutch after the predeter-
mined number of main clutch operations have
occurred.

The driven sleeve rotaiably mounted upon the
half speed shaft {66 carries gears 2013, 2614, 2015,
and 2016 connected thereto as a unit. The driven
sleeve mounted upon the quarter-speed shaft car-
ries gears 2017, 2018, and 2019 connected together
as & unit and rotatably supported upon the quar-
ter-speed shaft. These gears are mounted upon
the half-speed shait for the sake of convenience

-and are not connected thereto, the half-speed

shaft only providing a convenient support. Gear
2620 is also mounted upon the quarter-speed
shaft but is not connected to the sleeve carrying
gears including 2017, 2018, and 2619. As typical
of the gears which may be used, the gears 2043
to 2046 respectively include gears having twelve,
fourteen, sixteen, and eighteen teeth, while the
gears 2017 to 2020 inclusive, include gears hay-

2028 inclusive.
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ing twenty, sixteen, twelve, and twelve teeth,
respectively, The ratio of these gears to the
gears driving them is such that gears 2613 to 2619
inclusive respectively provide selection ratios ex-
tending from a “nine” multiplier to & “three”
multiplier, while the gear 2820, as will presently
appear, provides in combination with other mech-
anism, 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
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 262{ (Figures 61 and 62)
Is attached to the sleeve carrying gears 2013 to
2016 inclusive and, as will presently appear, is
adapted to rock a bell crank 2622 universally
pivoted on the frame at 2629 so as to open the
main clutch and stop the machine as hereinafter
described, after the cam member 202{ has made g
single rotation in either a clockwise or & counter-
clockwise direction. Thus, for example, gear 2044
which is that providing for seven main clutch
actuations and results in s positive or negative
multiplication by the value “seven,” makes one
rotation while the main ¢lutch is meking seven
rotations. Since member 202¢ is connected to
the unit which includes gear 2814, it will like-
wise make one rotation and at the end of this
rotation is effective to rock the bell crank 2022.

A double cam member 2022 is included in the
same unit with gears 2617, 2018, and 2619, snd
1s effective upon half a rotation in either clock-
wise or counter-clockwise direction, to rock the
same bell crank 2028. Thus, gear 2618 is effective
to control the multiplication, either positive or
negative by the value “four,” the main clutch
making four rotations. During the four main
clutch rotations, gear 261§ and the member 2623
make but half a rotation, the direction depending
upon positive or negative multiplication. At the
end of this half rotation, the member 2023 is
effective to rock the bell crank 2622. Gear 2020,
providing for multiplication by the value “two,”
is connected tc the triangular member 2828
adapted to cooperate with s roller 2877 on one

arm of bell crank 2022. This member is adapted,

when gear 2626 is being driven, to rock the bell
crank 2022 during the second cycle of main
clutch operation.

Depression of any one of the value keys from
“one” to “nine”, inclusive, is effective to open the
setting clutch, and this in turn initiates operation
of the main clutch. The multiplier key section
includes, in addition to that mechanism disclosed
in Pigure 2, a bar 2030 (Figure 60) which is en-
gaged by the stems of keys “one” to “nine” inclu-
sive and is mounted for parsallel movement by link
2044 and by a bell crank 263!, the bell crank
being urged in a clockwise direction by spring
2032. A link 2083 is extended between an ear of
the bar 2038 and a lever 2838 included in a lever
system comprising lever 2034, lever 2085, and
lever 2036, as appears in detail in Figure 63.
These three levers are pivotally mounted upon
a common pin 2087 fixed in an ear of the key
frame. Levers 2034 and 2085 include projections
2038 and 2039 between which spring 2640 is com-
pressed to urge the levers apart. Similarly, lever
2036 includes projection 2041 while lever 2085
includes another projection 2082 between which
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2035 includes a projection 204% limiting move-
ment of lever 2038 and a projection 2118 limiting
movement of lever 2034 with respect to said lever
2035. Lever 2035 also includes a pin 2046 which
lies beneath bar 2030 and which is forced down-
wardly when the bar 2830 is depressed upon low-
ering of any one of the key stems associated with
keys “one” to “nine” inclusive. Depression of
the “zero” key also rocks lever 2035 downwardly
by means of lever 2098 which underlies said key
and carries a pin 2093 overlying the end of lever
2035. :

It is desired to cause engagement of the setting
clutch upon complete depression of any key from
“one” to “nine”, and to prevent the initiation of
operation before depression of such a key has
been completed. The final trip-off in such a case
is placed under control of the key latching mech-
anism. However, the key latching mechanism
also operates when the “zero” key is depressed for
a carriage shifting operation, and operation of
the setting clutch should not be initiated. For
this reason, control of the trip-off is effected
jointly by the bar 2030 and the key latching
mechanism, as exemplified in the following struc-
ture.

It will be recalled by reference to Figure 75,
that engagement of the setting clutch may be
effected by rocking lever 818, connected to shaft
811, so that its lug 818 underrides the upper
extension of member 820. As shown in Figure
60, there is also connected to shaft 817, a lever
2047 having a Jug 2048 underlying the iever 2033,
so that a sufficlent lowering of lever 2033 will
rock lever 2041, shaft 817, and lever 818 o release
member 820 and start the setting clutch. .

Onpposite ends of lever 2033 may be lowered by
different means, as will appear, but the leverages
are so arranged that the lowering of either end
alone will not rock shaft 81T enough to cause
operation of the setting clutch. As soon as both
ends have been completely lowered, however, the
additional rocking of shaft 817 will have released
member 820 to cause operation of said clutch.

As a multiplier key of any value from “one”
to “nine” is depressed, the underlying parallel
bar 2030 is depressed lowering the right end of
lever 2033. The lever 2035, having a pin 2046
underlying bar 20386, is also rocked by this move-
ment and compresses spring 2040 rocking lever
2034 slightly and causing the lug 2062 to move the
jatch bar 2055 to the left until it abuts the lug
2015a of the moving key, arresting further move-
ment of lever 2034 and causing spring 2049 to be
further compressed. As the lug 201% is moved
below latch bar 20585, spring 2040 is permitted to
expand rocking lever 2034 {0 simultaneously
bring the latch bar over the iug 2015q and lower
the left end of lever 2038. Both ends of the lever
2033 being now lowered, shaft 817 will have been
rocked sufficiently 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.
Means are provided for positively retracting the
latch bar, so that proper operation will be insured
even though the operator is bearing down on
another key, and for holding it in retracted ponsi-
tion until the operator has released the first key,
so that a key can not be left in latched down
position after the machine has come to rest.

For this purpose, there is provided a lever 2058
(Figure 60) pivotally mounted on the key frame

at 2059. As the setting clutch shaft 431 revolves

at the beginning of a multiplicatmn operation,
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cam 8i7 thereon rocks shaft 881 bringing arm
2080 against the lower end of said lever 2088,

or as link 13986 (Figure 68) is reciprocated in the .

course of a manually initiated carriage shifting
operation, its lug 1399 is brought against the low-
er end of said lever 2068. The upper end of lever
2088 (Figure 60) engages an abutment on the
latch bar 2085 so that when the lever is rocked
by either of these means, the latch bar is posi-
tively moved to the right to release the previously
depressed key and permit the depression of any
other key. By the time this is done, the gate 236
(Figure 59) has locked in the selection made by
the first key, and the depression of a second key
will have no effect until the first operation is con-
cluded.

If the operator is continuing to bear down upon
the first key at the time the latch bar 2055 (Pigure
60) is returned to the right, the bar will be
latched in its rightmost position until pressure
on the key is relieved. 'This is the function of the
member 2036 (see also Figure 63). The siight
initial leftward movement of iatch bar 2055 as
a depression of a key is begun, is sufficient to carry
the notch 2057 therein out of alignment with the
lug 2061 of member 2036 so that the lug rides
along the smooth under surface of the bar during
further leftward movement thereof, and spring
2043 is compressed by depression of the key.
However, if the key is being held down at the time
that latch bar 2055 is returned to the right,
spring 2043 will expand to move lug 2081 into the
notch 2057 and thus hoid the latch bar in its
rightmost position until the key is released, per-
mitting lug 2045 of member 2038 to rock the
member 2038 so as to remove its lug 2064 from
the noteh 2087. Under such conditions the latch
bar returning mechanism overcomes spring 2048
and rocks lever 2035 to raise the left end of lever
2033 so that the setting clutch can not be engaged
a second time by the key held down.

When a muitiplier key is depressed, the V-slot
bar 120 (Figure 59) moves toward the right with
the result that lever 2058 (Pigure 80) which
hangs from shaft 2004, is rocked by bar {28 en-
gaging projection 2052. However, the movement
thereof caused by the “one” key is insufficient to
remove shelf 2053 from over iever 205! so0 as %o
permit spring 834 to rock lever 833 and its roller
to Iatch the main clutch dog 385. However, when
2 “two” key or a key of a higher value is de-
pressed, the bar 120 is moved a greater amount
and lever 2050 is rocked so thai lever 208i is
Ireed and lever 833 latches the main cluteh dog
385 until after the desired number of multicyclic
aperations have isken place, as determined by
the depressed key.

To stop the machine after a predetermined
number of muiticyclic operations have occurred;
cams 2021, 2023, and 2024, and bell crank 2022

are employed. As appears in Pigure 81, the right

hand face of cam 2024 has a cam face ai 2078, so
that at the beginning of clockwise or counter-
clockwise rotation of cam 2021, end 201§ of the
universally pivoted bell crank 2022 is moved aside
and rides along the outside face of the cam until
the high point thereof has been passed, when
the bell crank end is moved back into cooperative
relation with the peripheral face of the cam by
spring 2122 which includes a flat strip 2123 there-
in to act as a guide for the spring and to central-
ize lever 2022. As the cam approaches the end
of its rotation, the bell crank is rocked in a
counter-clockwise direction. This rocks lever
2072 clockwise about its pivot and rocks lever 21§71
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pivotally mounted on the frame by pin 942 and
connected by a pin and slot connection to a lever
2418 pinned on shaft 2{t9. Shaft 2119, as ap-
pears in Figure 42, also carries a bell crank 2078
which, upon clockwise rotation of shaft 2119, en-~
gages extension 2876 on member 638 and rocks
that member to release the main clutch dog latch
838,

The inside face of cam 2023 is provided with

- similar cam faces, as appears in dotted lines at

16

25

18768 (Figure 61), so that a roller 2677 on bell
crank 2§22 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 s
clockwise or a counter-clockwise direction.
When a8 “two” selection is made, and cam 2024
is rotated by gear 2028, the cam follower follows
the periphery of the triangular-shaped cam 2024,
under the pull of spring 2(22, and rocks lever
2872 and shaft 2{/9 upon riding over the high
point of the cam 2024, Either of these operations
releases the main clutch dog latch and stops the
mechine as hereinbefore described.

To prevent rotation of gears 2847, 2018, and
2019, when a selection is made on any one of gears
2813, 2014, 2615, 2016, or 20620, 2 pawl 2080 (Fig-

_ure 59) is provided which is held by spring 208!
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" in engagement with one of the gears in the group

of 2017, to 26{9 inclusive. However, when s selec-
tion is made in this group, shelf 2082 on the pawl
iz engaged by one of the multiplier selection
plates {72, 178, 184 and {98 and is moved in &
counter-clockwise direction, against the tension
of spring 2881, to permit these gears to rotate
freely. A similar pawl! is provided in connection
with gear 2828 so that when s selection is made
with any one of the gears of the groups 2613 to
2016 inclusive, or 2817 to 2019 inclustve, gear 2020
is held. Another pawl 2082 is associated with
the group 2013 to 2018 inclusive and is held in en-
gagement with this group by spring 2084. This
pawl, upon & selection being made in the group
2613 to 2016 inclusive Is rocked in & clockwise

“direction by one of the plates engsging shelf 2085

thereon to permit rotation of this group of con-
nected gears. .

Plus or minus multiplication operstions are se-
cured by menipulation of lever 2180 (Figures 1
and 57). This lever, as appears in Figure 57, is
mounted on shaft 868 and is connected by link
2161 to = link 2182 supported from a stud 2103,
and & spring link unit 2104, similar to that used
for restore clutch control and shown in Figure
51, supported on & stud 2185, The link 2162 and

the unit 21084 cooperate tc maintain the lever -

2001 definitely in either a left or a right position.
Also depending from the shaft 868 are a pair of
links 2008 (Figure 57B) which are connected to-
gether by & tension spring 2{67. These links each
include an ear 2188 extending to engage the lever
2180 (Figure 574). Each of the links also include
an ear 2169 between which the spring 2{07 is po-
sitioned and which extends on either side of the

. lever §7{ which is pinned to the shaft 86§. When
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the lever 2{80 is moved, as from the plus position
in ‘which it is shown in Figure 57, to a position
toward the rear of the machine, unit 2104 is com-
bressed and as the lever continues in its Jjourney,
the link expands and forces the link over positive-
ly into the other posiiion. Movemen} of the lever
2100 also moves the links 288 and, through the
medium of the ears thereon, pulls the lever 81t

2,211,736
In a counter-clockwise direction. Lever 2117 is

around in & clockwise direction to position pen-
dular lever 545 50 as to thereafter cause negative
operation by a suitable adjustment of the reverse
unit upon operation of the setting clutch, as has
previously been deseribed.

It has been previously mentioned that opera-
tion of either the addition bar 860 or the subtrac-
tion bar 860 did not affect the setting of lever
21060. This is because rotation of the shaft 869,
by elther the addition bar or the subtraction bar,
results in the movement of lever 814 in the direc-
tion necessary to condition properly the reverse
unit if that unit is not set for the direction called

~for. However, the strength of spring in unit 2104

1s such that instead of the lever 2188 being moved,
the spring 2187 is extended and while the lever
2100 is moved slightly, it is not taken from out
of that position in which it is set. Multiple addi-
tion and subtraction operations can be secured
by depressing the addition bar or the subtraction
bar simultaneously with depression of a multi-
plier key. The effect of depressing the addition
bar and subtraction bar is to prevent a carriage
shift operation from following the multiple oper-
ation, and to clear the keyboard so that there-
after other values can be entered. The disabling
of the shift at the end of a muitiple addition
operation will be presently described in detail.
The clearing of the keyboard has been previously
described in connection with the addition bar.
Under the “Power Set Selection Mechanism”
has been described the feature of the value se-
lected in the keyboard being released as socon as
the power set selection mechanism has operated
and the power set gate 286 has moved in to lock
the setting. This feature is also useful in multi-
plication, for as soon as the gate has been moved
to lock the multiplifier setup, the multiplier key
is released and another value can be set up in the
multiplier key section, if desired. This feature
enables very rapid multiplications to be secured
for values can be set into the machine as soon
as the previously depressed key is released and
while the machine is running out the previous
multiplication operation. The time lapse between
successive multiplication operations is practically
negligible, since, due to the high speed of opera-
tion of the machine, and the comparatively slow

rate of manual operation by the operstor, the ma-

chine is frequently waiting upon the operator for
entrance of another multiplier value. ‘The posi-
tive operation of the key lock bar, in any event,
eliminates the possibility of interference with
operations caused by “riding” a raised key before
the lock bar has receded to permit its depres-~
sion.

Depression of the zero key is effective to rock
member 2098 secured to shaft 2681 to initiate
operation of the shift mechanism, as hereinafter
described. While the movement of this member
also forces lever 2035 to move and thereby cause
movement of lever 2847 to some extent, the oper-
ating bar 2080 is not depressed and lever 2047 is
not moved the extent necessary to rock shaft 8171
sufficiently to cause operation of the setting and
main clutch. Movement of lever 2035 brings ex-
tension 2062 into notch 2892 in the channel bar
2055 to move the bar and lock the value keys
when the zero key is depressed. When 2 value
key is depressed, as has been previously pointed
out, lever 2035 is moved and pin 2093 is free to
follow lever 2085. However, the shift is delayed
until the end of the main clutch cycle when it
takes place automatically, as will be presently
explained, :
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Drvision

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 de-
pressed. The machine thereupon carries out
automatically the operation of dividing the divisor
into the dividend and registering the guotient in
the counter 186i, the carriage being automatically
shifted after registration of each quotient digit
successively. The operation consists of successive
subtractions of the divisor from those digits of the

dividend which are regisiered in orders of the

carriage aligned with the actuating mechanism,
and which may be calied the “effective dividend”.

- As the carriage is automatically shifted to the

left, additional dividend digits are successively
brought into alignment with the actuating mecha-
nism 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, firsi & corrective addi-
tion cycle, and then a carriage shifting operation.
The present machine, however, provides mecha-~
nism for mechanically comparing the dividend
and divisor and utilizing the indication of their
relative magnitude, thus secured, to select the
Proper ensuing operation. All overdrafts, 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 controls to such s fine ad-
justment and some overdrafts do occur. These
are, however, properly corrected by the mecha-
nism provided.

Keyboard conirolled 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 ac-
cumulator in position for operation by the actu-
ating mechanism, the numerals registere¢ may
be moved out of alignment with the sight open-
ings since each accumulator element assumes 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 neces-
sary fo provide mechanism for forming s similar
representation of the divisor value in the decimal
orders selected for effecting control of the opera-
tion.

Levers 800 (Figure 86) carrying sensing shelves

,80f are adapted to be proportionately positioned,

Amnder control of the manually set selection mech-
anism of a plurality of keyboard orders, so as to
';form such & mechanical representation of the
true rather than the decimal value set up in that
order and to the righf thereof. According to the
present disclosure, it is unnecessary to transmit
partial increments to each lever 806 from key-
board orders below the next adjacent order, ang
ne . provision for it is therefore disclosed.

. Each sensing lever 900 is pivoted by pin 962 on
& bell crank member 903 and is urged to rock
counterclockwise by a spring 8864 tensioned be-
tween member 808 and a stud 900a on the sensing
lever 900. The lever 900 includes a stop Iug 905
which overlies and engages member 903 to limit

25

the movement of the lever 800 and has a blocking
tall 908 which may be positioned to permit a gate
907 to rock in & counter-clockwise direction and
brevent further actuation or to block the gate
from rocking and thus have the machine opera-
tion continue, as will presently appear.

Bell cranks 993 are pivotally supported, in
each order, between adjacent brace plates i42,
as appears in Figure 87, -and include g bridge
813. Upon an extension 84 of each bridge is
fixed ‘a small sieeve $(5 having a pin 9i6 slidably
positioned therein and enclosing & spring 9(7a
adapied to push the pin to the left, engaging
head 9i6a on the pin with the end of the sleeve
to limit the travel of the pin. The pin of each
order extends through & hole in each brace plate
into the bell crank member 903 of the next higher
order to support both the. bell erank member
upon which it is carried and the corresponding
bell ecrank member in the next higher order.
This construction, as contrasted with the use of
a solid continuous line shaft, not only permits
easy removal of parts for servicing, et cetera, but,
as will presenily appear, permits certain mem-
bers to swing across the center line of pins 916
(see Figure 87).

Bell crank member 903 and lever 990 may he
rocked as a unit about the pivot provided by
pins 918 by lever 8i7 freely mounted on shaft
{37 and carrying a pin 98 projecting into an
open slot 819 in the member 903. Pivotally
mounted on lever 9{7 (Figure 85) is g second
lever 824 having an offset portion 522 adapted to
bear against the end of an extension 923 on an
adjacent higher order selection segment 132,
Another offset portion 824 on the opposite arm
of lever 82{ is adapted to bear against an ex-
tension 925 of an adjacent lower order selection
segment {32. The two arms of lever §2i are so
broportioned, and their bearing points on the
two segments are so located, that movement of
the lower order segment will transmit only one-
tenth as much movement to the supporting lever
947 as will corresponding movement of the upper
order segment. By this arrangement, lever 900
with its sensing shelf 904 msay be raised about
pivot pins 8i6 a number of increments corre-
sponding to the setting of the adjacent higher
order selection segment {32, plus an additional
fraction of an increment decimally proportionate
to the setting of the adjacent lower order selec-
tion segment.

To avoid undue loading of the key section,
since the keys move the selection segments 132
directly, it is not desirable to move the levers 921
by the depression of keys, and since it is also
necessary to keep the sensing shelves 801 out of,
range of possible interference with carriage ele-
ments except during certain portions of the divi-
sion operation, mechanism is provided for nor-
mally maintaining all levers 92! raised beyond
the furthest points reached by selection segment
extensions 923 and 825 and for maintaining all
Ievers 800 lowered sufficiently to avoid the possi~
bility of contact with any carriage parts.

This is accomplished by mechanism including
& plurality of levers 98¢ connected tc shaft 93¢
by means of & narrow key in s wider keyway
(Figures 8¢ and 88), and normally maintained in
their extreme counterclockwise position with re-
spect to shaft 931 by individual springs 93{¢.
Each of these levers is provided with fingers 932
and 833 adapted to cooperate with Iateral exten-
sions 934 on levers §i1. When the machine is not
operating in division, and in division, until the
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setting clutch has started its cycle, the fingers

- 832 of members 828 are retained in engagement
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with these extensions and hold levers §17 rocked
about sheit 187 in the position shown in Figure
88. This carries levers 82§ sufficiently clear of
selection segment extensions 822 and 925, and
lifts bell crank members 988 so that the levers
868 thereon are pressed against cross rod 835 and
rocked clockwise sgainst the tepsion of springs
804 to lower the sensing shelves §8] sufiiciently.

The sensing shelves 801 associated with lower
orders than the highest order in which & divisor
diglt has been set up are blocked out of opera-
tion and are not permitted to rise beyond the
position in which they are held by the blocking
mechanism. Connected by & separate sleeve 938
(Figures 86 and 88) with each of the members
038, is & member 837 having & shelf 938 adapted
to cooperate with a lug 989 on selection segment
132 of the adjecent higher order so that if the
segment (32 of that order is advanced out of the
zero position in which it Is shown in Figure 86,

" the lug will overlie the shelf and prevent the

member 937 from rocking with shaft 88§, the
loose keyway permiiting its retention in this
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If one lever 938 is so blocked, all those to the
right of it will be similerly blocked even though
zercs ave set therein, since lugs 946 on each lever
930 each overlle the next member 987 to the
right, as is clearly shown in Figure 88, and sll
sleeves 988 to the right of o blocked sleeve are
prevenbed from rocking iu this msnner.

From the foregolag 1t can be seen that when
g divisor is set up on the keyboard and the shaft
984 is rocked counter-clockwiss, the following
positioning of parts described will be sssumed:

i, The extension 925 of the sclection segment
on which the leftmost, or highest digit of the
divisor is set up will cause the sensing shelf
860 of the mext higher order to be positioned
& fraction of an increment sbove its zero posi-
tion depending upon the digit set up in that key-
board order aione;

2. The shelves 98( of all higher orders will
assume & zerc position; ‘

3. The extension 3238 of the previously men-
tioned selection segment, and the extension 925
of the next lower selection segment will jointly
cause the sensing shelf 90! associsted with the
order in which the leftmost digit of the divisor
is set up to be positioned so as to mechanically
represent the actual value of the two digits in
their proper decimal relation of ten to one;

4. The sensing shelves 881 of all lower orders
will be blocked out of operation.

The division control gate

The positioning of the sensing shelves 204
(Figure 86) to the left of the highest digit of the
divisor and in the highest significant order, when
a divisor is set up on the keyboard and sheft

826 is rocked, efects conirol of the division oper- -

ation. When the aforementioned shelves are
positioned, that shelf in the highest significant
order, and the next shelf {o the left thereof, mey
control movement of gate 96%. This gate is
mounted for a swinging movement about pins
842 (Figures 80 and 86) and exfends scross the
machine with a finger 948 extending rear-
wardly in each order between bell eranks 383 and
cooperating with adjacent blocking tails 986.

Before shaft 831 is rocked, the gate is held away

from the blocking tails and out of & controlling
position. ' For & short pericd after shaft 83 is

2,211,786

rocked, the gate is held before being released.
When the gate is released it is pulled counter-
clockwise by spring 944 until it engages one of the
blocking tails 808 or, if it does not engage any
tail, rocks through to that position shown in
Figure 86 wherein it is effective to stop or prevent
main clutch operation and actuation of the ac-
cumulator. However, so long as the gate is in
engagement with a single blocking tail 868 and
is prevented thereby from assuming that position
shown in Figure 88, the main cluteh will operate.

The fingers 943 which engage the blocking tails
966 are each slightly shorter than the finger in
the next order to the leit so that the abutments
thereof cooperating with the blocking tails are

echeloned so that said tails act in progression

from left to right. 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 881, in the order-

to the left of the first value order, and in the
first value order, with the accumulator mecha-
nism, will be described presently.

The gate 987 controls operation of the main
clutch. A lever 2117, pivoted coaxially with the
gate, has a lug extending into the path of move-
ment of the gate and is (Figure 80) connected by
slot and pin connection to lever 2118 which is
secured on shaft 2{19. Rocking of shaft 2{{8
Is effective to rock beli crank 2073 thereon
(Figure 42), which has one arm adapted to con-
tact with a2 lug 2875 on lever 838 fixed to shaft
826 and rock the shaft counter-clockwise to re-
lease the main cluich dog 895 from restraint
of the multicycle latch 638, stopping the actua~
tor. A second arm of the bell crank 2813 is
adapted to contact with s lug 945 on the main
clutch engaging interponent §12 and rock the
interponent counter-clockwise to prevent ifs ex-

. tension 615 from engaging the hook 616 of the

main clutch dog 395. This prevents engagement
of the main clutch by the setting clutch, unless
the gate 987 is restrained by a blocking tail 886,

In Figures 95 to 101 inclusive, & modification
of the gate structure previously described, is
shown. This mechanism functions in much the
same manner gs that previously described and is
structurally very similar thereto. However, the
gate 907 in this form, instead of being a single
structural element having fingers successively
decreasing in length from left to right across
the machine, is composed of a plurality of sepa-
rate elements mounted upon a shaft 1838 (Figure
968) and so operated that the blocking tails in
operation in three orders, the units, tens, and
hundreds orders, assume & staggered relation to
each other, presenting echeloned abuiments for
cooperating with the blocking tails.

In this form, the gate is constructed of a plu-
rality of members 954 keyed to shaft 1838 which

-extends across the machine and carries one of the

members 851 in each decimal order thereof. The

.stagger is provided by advancing levers 8§80 in

the units and tens orders, while the levers 868 in
the hundreds and higher orders are stationary.
As shown in Figure 98, sensing lever 868 is sup-
ported by & pin 982 on bell crank 983 which, in
turn, is secured by’ pin 953 on the lever 954
mounted for rocking movement about shaft 137.
A spring 858, tensioned between lever 958 and a
tail on bell crank 863, urges the said bell erank
in a clockwise direction about pin 953, while
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spring 955A urges lever 954 in a counter-clock-
wise direction about shaft 37. Lever 954
carries a pin 956 which is engaged on the bi-
furcated end of arm 957 (Figure 97) of a U-
member which includes another arm 958 and
which is supported upon shaft 958. It will be
remembered that when the shafi 93! is per-
mitted to rock, the blocking-cut shelves 838 rock
upwardly to engage extension 829 on the selection
segments. If a value is not set into an-order, the
shelf rocks upwardly into that position shown
in broken lines in Figure 86, while if g value is
set in an order, all the shelves to the right there-
of are latched down, as has been egplained in
connection with the levers 830 and members 837
carrying the shelves 938. ZFowever, in the first
order in which a value is set, the shelf is helé

~down by the extension 938 on the selection seg-
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ment and lug 968 on lever 958 rides on shoulder
86i on member 937, as shown in Pigure 97, in-~
stead of dropping down onto the notch 962, as
appears in Figure 99.

In Figure 96, it will be seen that arm 857 in-
cludes an extension 9638 lying in the path of
movement of the lever 958 in the next higher
order. This ear is so positioned with respect to
the height of shoulder 96 that, even though

" the next higher arm 958 is freed by its shoulder

961, its lug 960 can drop but half way intc the
notch 982 before the arm 958 strikes the ear
963 and blocks further movement. The third
arm 958 to the left of the first blocked one can,
however, move still further and bring its lug 960
against the bottom of notch 962 at the same time
it is blocked by ear 963. Thus the biocked arms

. 958 will all be held in the position shown in

Figure 97, the first free arm to the leftf will
assume a position half way between that position
and the position shown in Figure 99, and the
remaining arms to the left will assume the posi-
tion shown in Figure 99. .

This results in.a relative offset of the pivot
points 952 of bell cranks 903 such as is illustrated
in Figure 95, that associated with the leftmost
order in which a digit is set up assuming the
position designated “A”, that associated with the
next higher order, the position designated “B”,
and all higher orders, the position designated “C”,
Since the sensing levers 800 are ecarried on the
bell cranks 803, this positioning offsets the
blocking tails of the highest digit order and its
next superior order to permit the former to move
freely inio and out of the path of the gate
members during division operations, the necessity
for such movement having beeh previously ex-
plained. Rocking of shaft 93! also bring hooks
866 on members 338 into the position shown in
Figure 101 . to prevent displacement of this
mechanism during operation.

Initiation of division operation
The operation of the machine to perform &

. division calculation is initiated by depression of
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division key 970. This key, when depressed, is
latched down - and causes engagement of the
setting clutch dog 394, conditioning of the re-

-verse unit to ensure negative actuation of the

main actuator, including gears 89 therein and
rocking of shaft 831. :

The division key 976 is mounted upon a key
stem 971 which is supported by paraliel links 872
and 9713 (Figure 79) upon a frame plate in the
control unit. The key stem $T{ carries a roller

974 which lies in front of divisiorn control mem-

ber 915 (Figures 75, 77, and 89). Member 915 is

27

rotatably mounted upon shaft 976 and is urged
clockwise by a strong spring 917. When the
division key is depressed, the roller 814 passes
beneath face 978 on the member 975 and spring
977 rocks the member 975 clockwise until upper
roller 978 thereon contacts the main operating
bar §03 (see also Figure 41) and depresses said
bar to rock the setting clutch dog 394, as has
been previously explained. When the key is first
depressed, extension 380 (Figure 79) on link 973
is brought into notch 981 on latch 982 and is held
in the notch by the pull of spring 883 on arm
984, integral with 88Z, until the stop key 985 is
depressed or until the last order is reached, as
will appear.

The main reverse unit, previously explained in
connection with Figures 36 to 40 inclusive, is also
conditioned, upon depression of the division key,
to insure negative operation of the main actuator.
In Figure 77, a bell crank 986 is shown mounted
for hinged movement about stud 887. When the
division control member 975 is released and rocks
clockwise, the roller 819 is brought into engage-
ment with the lower arm of bell crank 886 to
rock it in a counter-clockwise direction. Bell
crank 98¢ includes an extension 988 which over-
lies extension 989 (Figure 36) on pendular lever
548, and this rocking of the bell crank 98§ thus
rocks the pendular lever in a clockwise direction
to condition the reverse unit for negative opera-
tlon {f it is not already so set, as has been pre-
viously explained.

Rocking of the shaft 93¢ (Figure 86) and the
levers 930 and 937 thereon, is effected under the
control of the mechanism particularly shown in
Figures 80 to 84, inclusive. As there appears, a
member 998 is fixedly keyed to the shaft 93§
(Figures 82 and 83) while another 98! (Figures
83 and 84) is loose upon the shaft. Latch mem-
ber 992 is pivotally mounted on the frame at 993
and is urged by spring 994 into engagement with
an ear 99% on member 990 so as to prevent pre-
mature counter-clockwise movement of shaft 934
to which the member 898 is keyed. These mem-
bers also include extensions 897 and 998 respec-
tively, for cooperation with a T-shaped member
989, supported from a rocking lever 1006 (Figure
80) carried on a shaft 100, and provided with a
pin 1002 lying in a slot 1863 in cam operated
lever 553. Upon rotation of main reverse cams
558 and 58! (see also Figures 36 and 45) on the
setting clutch shaft, the T-member 898 is rocked
down and then up. Depending upon the position
of the T-member, it may engage selectively either
the extension 997 on member 896 or %98 on mem-
ber 96{.

The T-member is positioned by the division
control member 915, this member earrying a pin
1008 (see also Figure 77) which extends into a
slot in the end of rocking lever 1888, the lever
§006 being pivoted on a stud 894 on the right side
irame. The T-member 98§ carries a projection
1007 which extends intc a cam slot {008 in the
lever 100€. When the division member is rocked
toward the left, the T-member overlies extension
997 while, when the division member is rockegd
toward the right, tc start a division operation,
the T-member overlies exitension 998. With the
T-member in the latter position, rotation of the
reverse conditioning cams 580 and 55¢, is effec-
tive to bring the T-member into engagement with
the extension 998 and cause counter-clockwise
rotation of the member 88{. Such movement of
member 991, which is freely mounted on the shaft
93, first ‘presses & lug 1019 on said member
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against the latch member 882, rocking it away
from the ear 935 and freeing shaft 88t for
counter-clockwise movement., As the movement
continues, face 1008 of member 984, presses

against the opposite side of ear 895, rocking the

member 998 and the shaft 93! counter-clockwise.
Levers $i1, §21, and 880 are thereupon released

to take up those positions determined by the.

selected value as heretofore described, and levers

830 and 937 are permitted to assume various.

positions dictated by the setting of the key-
board.

Counter-clockwise rotation of shaft 981, re-
leasing - the sensing mechanism, is effective to
lock the carriage against lateral shifting move-
ment (Figure 83). Member 998 keyed on shaft
98! is provided with an extension {812 against
which spring 1643 pulls lever 1614. Lever 1848
is positioned adjacent the right hand frame plate
and includes an extension {045 which is notched
to engage a carriage brace plate 266 and retain
the carriage against shifting movement until the
extension 1812 is rerocked in a clockwise direc-
tion so that the extension 1045 assumes that posi-
tlon shown in full lines in Figure 83. When the
sensing mechanism is released, therefore, 'the
carriage can not be shifted until the sensing
mechanism is returned to its inactive position.
The gate 967 is also released by rocking of shaft
83%, & lever {816 being fizedly keyed t6 the end
of this shaft, as appears in Figure 81, When this
shaft is rocked, roller {047 on lever 818 is moved
away Irom gate 987, buf, to ensure that the
several sensing shelves and their esscciated parts
will have sufiicient time within which to asrrive
at the positions dictated by the keyboard setting,
the gate 887, although released upon rocking of
shaft 83{, is temporarily held by other means
until well toward the end of the setting cluich
cycle and after the gears 27i and (89 have heen
brought into mesh by dipping of the carriage.

The several plates 2ié (Figures 2 and 7T7)
carry o shaft 2{8 which extends across the
machine through all orders. Mounted upon &
stud {028 on the control plate frame, is a de-
lay latch 820 (Figures 77 and 80) which is
urged in a clockwise direction by spring #822.
When plates 214 are rocked in & counier-clock-
wise direction, upon initial operation of the
setting clutch, as has been explained in con-
nection with selection, the end of the delay latch
{821 is released by movement of the shaft 218
and is thereupon pulled in a clockwise directicn
by spring (822 to position its nose 1823 behind
an offset portion 1024 of rocking lever 2§18
which is fixed on shaft 2{{8. This prevents lever
2118 from rocking in a clockwise direction and
prevents the gate 987 from rocking into opers-
tion, upon rocking of shaft 981. ‘

At the end of the setting clutch cycle, after

the carriage has been lowered by the carriage -

dipping mechanism (Figure 48) and gears 274
and 189 are meshed, plates 2i4 are rocked clock-
wise and the shaft 2{3 returns to engage the
delay latch and force it counter-cloeckwise to
release gate 807 which is then pulled counter-
clockwise by spring 944 to engage oné of its
fingers 843 wilh the blocking tail 865 in that
order of the keyboard which is in control.
Toward the end of the setting clutch cyele (as-

-suming that the gate $67 has been restrained by

a blocking tail 898), the cam 57 (Figure 42) will
rock lever 519 moving the extension ${5 of in-
terponent 6{2 into engagement with hook 616
on the main clutch dog 395 and rocking the said
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clutch dog to cause transmission of power
through the main clutch.

The multicycle latch 835 (see also Figure 60)
then engages the clutch dog 395, lever 2050 (Fig-
ure 60) ‘having been rocked to permit it to do S0,
by an arm 1025 fixed to shaft 976 and rocked
clockwise by depression of the division key (Fig-
ure 77) by arm {026 also fixed to the shaft and

Jink 1027 and lever 978 connecting said arm to

the stem of the division key.
Operation of the actuator is thus initiatedpand

‘tontinues until the blocking tails 986 are moved

to release the gate 987, or until the special stop
key, hereinafter described, is operated.

In the modification shown in Figure 91, the
gate shaft (030 is rocked out of operation by
s roller 1831 on arm 1032 of member 298 (Fig-
ures 91 and 93). Keyed on shaft 1880 is lever
1838 having an extension which is engaged by a
notch 1834 at the end of lever 1985.. The lever
838 functions as a delay latch and is mounted
upon the left control plate by a stud 1886. The
other end of lever {635 carries s pin {837 lying
in a slot in lever 1838 and a spring 1639 urges
lever 1835 in a clockwise direction. Lever {838
is mounted upon the selection locking plate 214
and when this plate is-rocked, the slot in lever
1838 permits the spring 1839 to pull the delay
laich into ‘engagement with lever 1083 to retain
lever (833 in the position in.which it prevents
the shaft (030 from rocking and the gate from
engaging the ends of members 808. Whenever
memper 998 is rocked by the T-member 899 so
as to latch oub of operation the levers 828 and
837, the roller 103f rocks the gate out also by
means of roller (831 which also engsges
iever 16383. o !

Accumulaior controlled mechanism and operation
The blecking tails 905 meay be moved to re-

- lease the gate 807 at the proper time, by ele-

ments of the previously described accumulaior.

t will be recalled from the description of the
accumulator mechanism that when the carriage
is dipped to bring gears 271 (Figure 2) therein
into mesh with gears (88 in the sctuator 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 indi-
cating not only the value registered on itself but
is also advanced such a partial increment of an
additional value as has been transmitted to it
from lower orders by the entrained carry mech-
anism. The dial shel] therefor, in the first order
of the value set up in the accumulator, includes
not only its own order value, but the decimal
value of all lower values set in the accumulstor.

It will also be recalled that snail cam 281 (Fig-
ure 22) moves with the dial shell and that lever
345 carries o roller 3{§ which may be pressed
against the periphery of the cam so that the po-
sition of each lever will be a representation of
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the value position of its associated dial shell. -

This structure is used to control the release of
the gate 987 at the proper stages in division op-
erations. -

Each roller carrier lever 315 has pivoted there-
on, for limited movement{ a lever 1048 (Figure
86), the nose of which can engage the sensing
shelf 961 in the aligned order of the keyboard
if that shelf is standing in a zero position, or any
position representing a value. Now, with the
first five orders from the left in the accumulstor
reading “00024”, the noses of the first two levers
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1040 will stand practically at & zero cam posi-
tion, the tail of the third will stand at a posi-
tion corresponding to a 0.24 position on the cam
281, the fourth at a position corresponding to
8 2.4 cam Dosition, and the last at a 4.0 position.

If 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 reg-
istration. The fourth shelf 991 will be positioned
at an .8 registration by the mechanism described
earlier herein, and the fifth shelf will be posi-
tioned 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 1048 in the first three orders in the car-
riage, will be pressed against the shelves 961 and
rock levers 800 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 o 2.4 value. Since
this is a greater value than the .8 represented by
its cooperating and opposite shelf 904, it will not
contact this shelf 86 and the blocking member
in this order, termed the “tens order”, will re-
strain the gate and the gears 189 will drive gears
271 negatively to subtract “8 from “24”, N

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 than the 8. registered on
the aligned keyboard order, the original rocking
of the shaft 931 pressed the shelf 30f of this order
against the nose of aligned lever {040 so that the
blocking tail 906 was moved out of the path of
the gate 907 leaving said gate restrained by the
blocking tail of the next higher order alone. As
this dial passes from “0” to “9”, in this first cycle,
the conformation of cam 28§ permits the spring
804 to raise the shelf 901 high enough to carry
the blocking tail 988 into the path of the gate 407,
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, however, that the
progressive shortening of the fingers 543 of zate
807, previously referred to, permits blocking tails
to the right of one which is holding the gate, {o
drop into holding position at any time prior to
full release of the gate.

Although the position of the lever 2{5 in the

“fourth order of the accumulator is changed from

" & 2.4 registration to a 1.6 registration during this

60

65

75

first cycle, its aligned sensing shelf is positioned
at .8 and hence is not moved out of blocking rela-
tion with the gate. A second subtraction cycle
therefore ensues.

" During this second subtraction 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 position
of the aligned sensing shelf, but still failing to
rock the lever 800 to remove the blocking tail
thereof from the path of the gate 907.

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. regis-
tration, upward to a 9. registration, and back
downward to an 8. registration. The upward
movement permits its associated blocking tail 906
to move into the path of a finger 943 of the gate

29

907 and the subsequent downward movement is
insufficient to remove it from that position, so
that at the close of the cycle both the fourth and
fifth blocking tails 996 lie in the path of the gate
907 and another subtraction cycle ensues. '

During the very first part of the third subtrac-
tion cycle, the downward movement of the fifth
lever 315 in the carriage will be sufficient to re-
move its associated blocking tail 306 from the
path of gate 987 leaving the gate held by the
fourth blocking tail alone.

The registration on the fourth sensing shelf
and its cooperating carriage lever were equal at
the end of the second cycle, so that further low-
ering of the carriage lever during the third cycle
immediately begins to rock the lever 900. A small
movement of this lever is sufficient to remove its
blocking tail from the path of the gate 907 which,
thus released from restraint, is pulled counter-
clockwise by spring 944 rocking shaft 2119 (Pig-
ure 77) clockwise, and thereby rocking bell erank
2073 (Pigure 42) to carry the multicycle latch 635
away from the main clutch dog 395 and thus ar-
rest operation of the actuator,

In order to insure proper movement of “tens
order” blocking tails, & compounding tip for lever
318 is provided in lever (040, pivotally mounted
thereon. When cooperating with a sensing shelf
In any registration from “two” to “nine”, lever
{040 assumes the position shown in dotted lines
in Figure 95. As the lever 3i5 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 3{5 and its tip describes an
arc about three times as long as between other
positions. When functioning as a2 “tens order”
control lever, the throwoff is always between
“one” and “zero” and the compounding lever is
brought into play for such control.

Rocking of the main clutch dog 385 by its spring
812 initiates operation of the restore clutch 700
in the manner previously described. Certain
additional functions are performed under control
of this clutch in division operations.

During the restore clutch cycle the dipping car-
riage-is raised, and link 846 (Figure 75) is moved
to the left by cam 848 rocking lever 847 counter-
clockwise about its pivot 876. This operation
rocks the division control member counter-ciock-
wise by an srrangement similar to that described
in connection with the restoration of member 826
and comprising g bell crank {842 pivotally mouni-
ed on lever 847 and having a notched end adapted
to engage a lateral extension 1043 on the member
975. A second bell crank {044 is freely mounted
on shaft 976 and has one arm provided with 2
slot embracing a pin (046 on the bell crank (842.
A spring (045 tensioned between the other arm
of bell crank {048 and the frame, holds the bel}
crank {042 in position to engage the extension
1043 during the first part of the movement of
cam 849, but causes the bell crank 1042 to be
rocked so as to override and miss the extension
{043 when the member 875 is in the position
shown in Figure 75 when the cam operates. This
movement of the member 975 carries its pin {005
(Figure 80) to the right, rocking lever 1606 and,
through lug {007, the member 989, so that the
T-shaped head of the latter overlies the lug 997
of member 990 (see also Figure 83) keyed to
shaft 931.

The division member 975 is retained in its left-
ward position by latch lever 10850 (Figure 77)
which is urged by spring 1051 to engage exten-
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during the remainder of the division operation
in that order. o .
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 oper-
ation. Division member 876 carries a link 1064
which is provided with & notch 1058 which, upon
the first clockwise movement of the division mem-
ber, is pulled into engagement with extension {058
on a bell crank {067 (Figure 77) by a spring
{0858a. Upon return of the division member, the
bell crank 1887 is rocked in a clockwise direction
5o that extension {658 thereon presses down upon
the main operating bar, as appears in Figure 41,
to start a second setting cluteh cycle. The bell
crank 1857 also carries & roller 659 which, upon
clockwise rotation of the beill crank engages the
pendular lever §45 (Figure 36) and rocks the
link 547 to set the reverse unit for positive opera-
tion of the actuator by the meain clutch. Move-
ment of the link 846 by the cam 849 also rocks the
gate 967 so that it may be relatched by the block-
ing tails if an overdraft has rendered the value
registered by the accumulator greater than that
set up on the keyboard. For this purpose link 848
is provided with an extension 1080 adapted to rock
an arm (86§ pinned to shaft 268 and thus to rock
the gate 867 (Figure 80) through levers 2447 and
2118. If the gate is not latched by the blocking
tails, however, it will rock back as scon as the
cam 84% permits it to do so, at the end of the
restore clutch cycle.

As the restore clutch cycle terminates, the gate
807 is released unl;s‘s' it is held by the blocking
tails, and is free 10 rock forward under the pull
of springs 944, If the gate can pass through, as
in the foregoing problem where there was no
overdraft, bell crank 2673 is rocked and interpo-
nent 6i2 is moved by the initial rise of cam 567
so that it will pass beneath and miss the main
clutch dog and main clutch actuation will not
occur. If the gate is blocked, however, a main
clutch actuation follows. The main clutch actua-
tion, 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 57 (Figure 42), either hooks the exten-
sion 615 of the interponent 612 into the hook €16
of the main clutch dog 395 or else carries the ex-
tension under the hook so that operation of the
dog can not take place. ‘As the setting clutch
cycle proceeds, the main reverse cam lever 553
(Figure 80) not only sets the reverse unit for posi-
tive rotation, but also rocks lever {00@ lowering
member 999 which engages lug 987 and rocks
shaft 931 fo restore the sensing shelves 98{ to
the position in which they are shown in Figure 88
in which position they are lowered out.of contact
with the carriage elements. 'The shaft 93{ is
held in this position by the latch 982. Rocking of
the member 890 also brings its arm 1842 (Figure
83) against lever {814 raising its extension {0(5
out of locking relation with the carriage so as to
permit a shifting operation.

~In any event it is necessary that the correc-
tive positive actuation, if initiated, be limited to

a single cycle of operation. During the setting

clutch cycle, shaft 581 (Figure 42) is rocked by
cam 57 rocking bell crank 520 (Figure 77)
pinned to the shaft 50{. By means of a lateral
extension 52{ on one arm of the bell ¢rank 520,

2,211,786 _
& lever 1062 freely mounted on the shaft 976 and

having an end underlying the extension 621 is
rocked to bring an extension (863 on the other
arm of lever 1062 against the link {058 lifting its
notched end 1655 and releasing the bell crank
1057 which is thereupon rocked counter-clock-
wise by its spring 1064. This raises the lug 1058
of the bell crank 1857 away from the main oper-
ating bar 503 (Figure 41) permitting the spring

" 510 to raise the bar and carry its lug 622 against

the arm 632 (Figure 42) pinned to the shaft 626
50 as to rock the shaft and remove the multicycle
latch €35 from restraining relation with the main
clutch dog 395.. The main clutch dog therefore
arrests operation of the main clutch after a sin-
gle 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 sutomatically engaged to-
ward the end of the setting clutch cycle. Since,
in such an operation, the main clutch dog 285 is
not removed from the position in which it is
shown in Figure 50, its extension 469 prevents any
engagement of the latch member 78{ under the
M-shaped member 783 ccntrolling the restore
clutch, and as the carriags is dipped, engagement
of the restore clutch is prevented only by en-
gagement of the cam-rocked bell crank 721 with
the extension 728 of the M-shaped member. As
the setting clutch cycle draws to a close, the
cam 788 permits its bell crank 72{ to recede
from under the extension 726 and, since the
latch 701 is already held released by the exten-
sion 408 of the main clutch dog 385, the ten-
sioned link unit 723 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 au-
tomatic carriage shifting operation through
mechanism described in detail hereinafter.

Before proceeding to a description of this
mechanism, it may be well to give an example of
the sort of division problem in which an over-
draft would occur and be corrected, since the
problem considered did not result in an over-
draft. Assuming a dividend of 0002402, let us as-
sume 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 previ-

ous description, the comparison of values will be.

effected in the fourth and fifth orders from the
left only, and will not be affected by the regis-
tration 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 inef-
fective by the blocking mechanism comprising
shelves 981 (Figure 88).

The comparing mechanism which is in actual
control will therefore be adjusted exactly as it
was in the preceding problem, and 2 third sub-
traction cycle will be initiated in the same way.
Since the 861 divisor is greater than the 300 divi-
dend, however, this third subtraction cycle will
produce an overdraft and necessitate g correc-
tive cycle of operation of the main actuator in
the positive direction.

It will be recalled that the gate 997 is released
at the end of the restore clutch cycle. At that
time the dipping carriage is in its upper posi-
tion, 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 315 (Figure 86) may there-
fore rise in these orders until the rollers 316
contact the lowest points of cams 281, permit-
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ting all the blocking tails 906 associated with
them to be rocked by spring 904 into the path of
gate 907, sensing shelves 901 being arranged at
such an angle with respect to levers 1040 (as
shown in Figure 86, radius lines “a” and “b”)
that it makes no difference in the positioning
of the blocking tails whether the dipping car-
riage be lowered or raised at the time of sensing.
Under these conditions, gate 907 will be re-
strained by the leftmost blocking tail, and the
right arm of bell ¢rank 2073 (Pigure 42) 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 func-
tions similarly in division. During the second
cycle of operation of the restore clutch in each
carriage position, counter-clockwise movement
of lever 518 (Pigure 48) carries its lug (386
against the end of link 1377 (sec also Figure 89)
moving said link to the lelt to initiate operation
of the carriage shifting mechanism as previously
described.

The first cycle of operation of the restore
clutch in each carriage position does not initiate
cperation of the carriage shifting mechanism
because, at that time the division control mam-
ber 975 stands rocked clockwise from the posi-
tion in which it is shown in Figure 89, and the
roller {065 on said member has lifted the lefi

end of link {377 depressing its right end below:

the path of movemeni of lug [888. ZLater in
the fivst restore clutch cycle, however, the mem-
ber 878 is rocked counter-clockwise and latched
in the positicn in which it is shown in Figure
89, as previcusly described, removing the roller
{883 - from under link (377 and permiting
spring 1382 to rock the link until it abuis the
under side of lug 13386.
the carriage by the setting cluteh, preparatory
to a possible correction cycle, then moves lug
{386 to the right permitting link 1877 to be
rocked still further and to thus be brought into
the path of the leftward movement of lug 1386
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, is automatically limited to a single
cycle, and the division mechanism is automat-

" {cally restarted at the end of that cycle. About
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the middle of the carriage shifting cycle, the
floating cam (334 (Figure 89) rocks lever {356,
as has been described in connection with the
shifting mechanism proper. Bell crank 1387,
pivoted on shaft 1388, has one arm adapted for
engagement by a lateral extension {066 on lever
1356 and has its other arm provided with an ex-
tension 1389 underlying both the shift control
link 1377 and an extension of the division con-
trol member latch 1050. Clockwise rocking of
the bell crank 1387 therefore rocks the link 1377
to depress its right end and carry it clear of lug
1386, thus permitting centralizer (410 to disen-

Subsequent dipping of -

31

gage the shift power transmission at the end of
the cycle, and also lifts the latch 1050 (see also
Figure 77) freeing the division control member
975 which is thereupon rocked clockwise by its
spring 871, restarting subtractive operation in
the new carriage position as scon as centralizer
1410 has settled into the position in which it is
shown in Figure 89 so as to carry the interlock
lever 1416, attached to the centralizer by link
1418, out from under lug 1420 o» the main op-
erating bar link 505 (see also Figure 41).

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 79) on the
right carriage end plate 251 contacts the under
side of the cam end I5T! of lever 1572, rocking
the lever counterclockwise against the tension
of spring 1573. Another arm of lever {5712 car-
ries a pin (575 lying in a slot 1576 in dog 1383,
so that this rocking of lever 1572 serves to lift
member {383 clear of the lug {384 on link {314
and breaking the connection whereby movement
of tug 1386 is ordinarily transmitted to iink 1274
to start the shift. Since restarting of the de-
vision mechanism is dependent upon release of
latch 1889 by the shitting mechanism, such dis-
abling of the shifting mechanism causes the ma-

chine to be brought to rest at the end of the tour .

of operations in the last carriage position.

During division operations, with the carriage

in ifs leftmost position, the division key is un-
latched and permitied to rise. A third arm of
lever 1872 (Figure 79) underlies = lateral exien-
sion {887 on the upper end of a bell erank 1959
pivoted at 1689 to the division key latch 832,
When the lever 1572 is rocked by the carriage,
bell crank (888 may be rocked by spring 1879

- to hook its othex armg around lateral extension

{088 of the bell crank 1987 (Figure 77). This
bell crank, it will be recalled, is rocked oy lnk
1884 during the firsh restore clutch cycle in sach
order for the purpose of initlating s setting
clutch cyele,
ure 79) be hooked ioc extension 856 of bell
crank {087 during such rocking, the bell crank
1088 will be pulied to the left, rocking the latch
member 982 counter-clockwise aboub its Sup-
porting shaft 822 and releasing the lateral ex-
tension 980 of lever 973, permitting the division
key 970 to be raised by its spring. since mem-
ber 815 (PFigure 77) is concurrently removed
from its position overlying roller 974 on the di-
vision key stem. The machine is thus complete-

ly conditioned for subsequent operations of any
character.

Automatic tabulation

As an incident to the termination of a di-
vision operation, operation of the carriage tabu-
lating mechanism may be initiated in the same
way as has been described in connection with
shift control in multiplication operations, to
bring the carriage back to any desired position.

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 78), leaving the quotient digit in that

If the end of bell crank (853 (Fig -
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order accurately registered, or terminated at
once by two successive depressions of the same
key, which will leave a possibly inaccurate
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 dssired
when the key was first struck.

Stop key 885 is slidably supported on pins in
the frame and normally held in raised position by
& spring 1075 tensioned between a lub on the key
and an upper pin on the frame. Lug 1076 on the
key overlies one arm of a bell crank 1077 freely
mounted on shaft {078, the other arm of the bell
crank being pivotally attached to a link {079
(Figure 79), deflectably supported by a spring
1089.

A link 1081, pivotally attached to the link {0789,
has a slotted end engaging a pin {082 on arm 1083
pinned to shaft 976 so that depression of the divi-
sion key 9710, by rocking shaft 878, will permit
spring (080 to raise link (079 slightly so that lug
1084 thereon will lie against tail 1085 of the latch
member 982 which moves down against it as the
Iatch is rocked into engagement with extension
980 of the lever 973.

As the link 1079 is moved to the right during
the first depression of the stop key 985, the latch
spring 983 overcomes the link supporting spring
10806 and the tail 984 of the latch engages a shelf
884¢q on link #1079 and deflects the link so that the
point {086a thereon passes below the stud 1087
on the frame. As movement of the link {879 con-
tinues, lug 984A thereon strikes the tail 988 of
the latch member 982, rocking it counter-clock-
wise to release the extension 980 and permitting
the division key to rise slightly until its roller 974
meets the under side of the division control mem-
ber 875 (see also Figure 77). The right end of
link 1079, however, due to its deflection by latch
tail 984, underrides and misses the lug (086,
which, during operation, is in the position indi-
cated in dotted lines in Figure 79.

Release of the latch 982 permits the division
key 970 to rise as soon as the division control
member 875 has been moved to the position In
which it is shown in Figure 77. This occurs dur-
ing the next cycle of operation of the restore
clutch, and the roller $74 on the division key
stem is brought into blocking relation with mem-
ber 975 preventing operative movement thereof
upon its release from the latch 1858 by operation
of the shifting mechanism. Upon being released
by latch (058 however, the member 975 moves
slightly to the right against the roller 874, thus
preventing reengagement of the latch. The divi-
sion operation is thus interrupted at the conclu-
sion of the first shifting operation subsequent to
depression of the stop key.

A second depression of the stop key, after the
latch 982 has been tripped, also moves link (879
to the right. This time, however, it is not de-
fiected by the latch tail 984 since the latch is held
in released position due to the slight rocking of
lever 8738 at the time of its release. The point
{086a therefore passes above the frame stud {087
and the right end of lever 1079 is brought against
lug 1086 on arm {088 pinned to shaft 628, rock-
ing the shaft counter-clockwise.

As shown in Figure 60, the multicycle latch 635
is also fixed to shaft 626, so that movement of
this shift by the link {079 releases the main clutch
dog 385 and thus immediately arrests operation of
the actuator and initiates operation of the re-
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store 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 stbp key

The stop key may be used also to normally re-
set the main control member 820 (Figure 75) in
cases where it has been released by depression of
an operating key during, for example, shipment of
the machine, and subsequent jolting has displaced
link 5i4 (Figure 41) to let the setting clutch dog
394 back into contact with the clutch before the
application of power.

Lever 1090 (Figure 78), connected by a sleeve
with bell crank 10877, carries a broadheaded pin
{09{ lying in g slot in a link {092 pivotally con-
nected to the lower end of control member 820.
The slot of the link 1082 permits member 820 to
rock, in its normal position, without interference
from the pin 1091, but rocking of lever 1890 by de-
pression of the stop key 985 will, if the member
820 has been released, restore it to the position in
which it is shown in Figure 78, where it may
be relatched by the tug 8498 (Figure '75).

Relatching of the division control member 815
under similar conditions, may be effected by
pressing the ear 10938 (Figures 77 and 90) to the
right by means of a tool. This first rocks the
small lever 1894 counter-clockwise around its
pivot {895 on the lower part of control member
975, and brings an upper ear {896 of the lever
against lever 1062, raising it and thus raising link
{058 to prevent rocking of bell crank 057 by
movement of member 875. The ear {093 then
strikes an ear {897 on {he member 975 and fur-
ther movement of the tool {o the right, rocks
member 975 back toward the position in which
it is shown in Figure 77, where it may be held by
Iatch 1850 until the release of the division key
870 by depression of the stop key 983. As the
division key rises, roller 974 thereon first moves
in front of member §78 and then raises ear (088
(Figure 77) on the latch member {058 to release
member §75 from the latch, leaving if restrained
by roller 974 alone, and ready for operation upon
depressior of the key.

Since depression of the add or subtract bar
under the above mentioned conditions also sets
the lever 1425 (Figure 78) to non-shift position,
an arm {000 integral with lever 10886 is provided
with an ear (10! underlying the tail of the non-
shift latch 1486, so that the lever {425 may also
be released by depression of the stop key. A
similar arrangement is shown in connection with
the modified form of non-shift control in Figure
78A for relessing the non-shift latch under the
foregoing conditions, or when the non-shift key
885 has been inadvertently depressed.

DoOUBLE COUNTER
Counter mechanism

Counter mechanisms are provided in the upper
portion of the carriage (Figures 1, 12, 16, 17, 18,
and 19) so that the number of operations per-
formed in addition and subtraction can be re-
corded, the mechanism also serving as a multi-
plier register in multiplication operations, and &
quotient register in division operations. The
counter mechanisms include two counters {800
and 881 (Figure 1), respectively provided on
the left and right hand sides of the carriage. As
will presently appear in detail, each counter in-
cludes a series of dials connected by tens-earry-
ing mechanism, and control mechanism is pro-
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vided for each counter so that the two counter
mechanisms can be respectively used for reg-

istering a multiplier in register 1801 and accu- .

mulating multipliers in register 1800; for indi-
cating the quotient in register 180! while accu-
mulating quotients in register 1800; for indicat-
ing the multiplier in register 1801 while the com-

plements of multipliers are accumulated in reg-.

ister 1800; and, in general use, for positive reg-
istration in register 1801, while complementary
registrations are secured in register 1800.

Counter conirol

The character of count in the left hand count-
ing register is controlled by lever 1803 (Figures
1 and 105). When this lever is in its forward
position, counting register 1800 will give a direct
or positive count of multipliers in case of multi-
plication, and of quotients in the case of divi-
sion; while, when lever 1803 is moved to its rear-
ward position, the counter will give a comple-
mentary or negative count of multipliers in mul-
tiplication and a complementary couni of quo-
tients in division.

In order to obtain a direct count in multipli-
cation operations, it is necessary that the counter
dials in both registers be driven in the same di-
rection that the accumulator dials are driven,
while, to obtain a direct count of quotients in
division operations, it Is necessary that the
counter dials in both registers be driven in the
opposite direction to that in which the accu-
mulator dials are drivem. This requires a re-
versal of the drive of both counting registers
upon the initiation of the division operation.
Thus, in whichever position lever 1803 stands,
the interchange from the proper direction of
actuation of the counter for multiplication to
the proper actuation for division, is automati-
cally secured for register 1800 as well as for
register 1804. In the present machine, this is
accomplished without moving the lever 1803
from its forward position. )

While counting register 1880 is subject to the
control of lever 1803, counting register 1801 can
not be shifted by the operator and the count in
this register is always such that the counter dials
are driven in a positive direction, giving a direct
count of quotients in division operations and a
direct count of multipliers in multiplication op-
erations.

The construction of the counter actuator for
register 1801 will now be described, while the
construction of the counter mechanism will be
considered presently.

A slide 1812 is supported in the slotted end of
shaft 1819 and includes a projection i8i4 which
can be selectively engaged with slot (815 pro-
vided in gear 1816 and slof 1817 in gear 1818
mounted on shaft (819 which extends across the
machine to a counter actuator to be described
in connection with register 1800.

Gear 1846 is driven directly by gear 481 (Fig-
ures 103 and 53) from the main clutch, while
gear 1818 is driven through gear 492 and idler
{820, Whenever the main clutch is rotated,
therefore, gears 816 and 1818 will be rotated

but in opposite directions, so that when the pro- *

jection {814 is engaged with the slot in gear
{818, it will be driven by that gear in one direc-
tion, while, if it is in the slot in gear 8186, it
will be driven in the other direction, driving gear
{821 keyed to shaft 1819 selectively in opposite
directions. The gear train, including gear 1822,
is thus reversed in its direction of rotation to
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rotate shaft 1828 in elther & clockwise or o
counter-clockwise direction. The ratio between
the gears is such that finger 1824 (Figure 102)
will describe a complete cycle for each half revo-
Iution made by the main clutch. This arrange-

.ment results in the counter dial in register 1801

being .advanced one full increment, against the
restraint of its pawl, for each main clutch cycle,
although this main clutch cyele 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.i8id in the
slot in gear i818, the counter actuating finger
moves the counter dial in the same direction as
the accumulator dials while, with the projection
1814 in the slot in gear {818, similar actuation

results in the dials being moved in the subtrac-

tive direction and complementary Agures 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 s slidable shaft 1818 which is sup-
ported by a sleeve {811, One end of shafi 1810
is keyed into the flat slide 1812 by enlarged por-

tion 1813, whereby lateral movement of the shaft -

1810 moves slide 1812. This cam lever 1808 has
an extending offset end 1825 which shifts shaft
i818 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 opposite direction to the ac-
cumulator dials. In division, the counter drive
is reversed with respect to the accumulator dials
:{'xg lever 1808 is automatically moved by shaft

As previously described, shaft 976 (Pigure 102)
is rocked clockwise by depression of the division
key 970 (see also Figure 77). ZLever i804 is
pinned to this shaft and upon clockwise rocking
of shaft 976 pushes. lever 1805, which is loose
upon the shaft, to the rear against the tension
of spring 1804A which urges lever {804 counter-
clockwise, while spring 1806 pulls the two levers
together. A link 1807 extends from lever 1805
to one end of the lever 1808 pivotally mounted
on a shaft 1809. Immediately upon operation of
the circuit controlling means, bell crank 385
(Figures 30 and 102) is rocked on shaft 386 and
projection 1827 thereon is brought down to en-
gage either notch 1828 or {828 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 i824 serves to
operate the counter one step for each ecycle of
accumulator actuation and, as the carriage is
shifted across the machine, the gear 1880 in each
order is selectively presented to the actuating
finger (Pigure 102). This finger is mounted on
lever 1838 which is rotated by an eccentric 1831
on shaft i823. The finger is supported inter-
mediately by pin {831 while the lever is supported
by pin {832 so that the finger is moved to engage
and rotate the particular gear 1888 presented.
The gear 1880 is selectively reversed by reversing
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 direction,
and then out of engagement, and back. The fin-

ger is refracted from the gear i880 after each

single actuation so that the counter dial is moved
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one step at a time, each successive counter dial

unit to the left of that unit actuated by finger '

1824 being moved as hereinafter described. A
lever 1833 is supported from pin 1832 and is
biased by spring 1834 against a surface on the
eccentric to centralize the eccentric and thereby
the finger 1824. .

In view of the fact that this machine is de-
signed to operate at very high speeds, it is an
object of the invention to provide a counter actu-
ating mechanism which will positively prevent
overthrow of the registering mechanism at such
speeds. = This actuating mechanism is shown
greatly enlarged in PFigure 109 so that the dia-
grammatic showing of its movement will be clear.

On reference to this figure, the theoretical con-
siderations on which the structure is based will
be apparent. The eccentric mounting 1881A
causes the point of attachment of lever 1830 to
shaft 1823 to be revolved through the path indi-
cated by the “stations” indicated disgrammati-
cally at “A”, Fulcrum 1832 would, were the slot
1B32A straight and the lever arms equal, trans-
form this circular movement into movement at
the upper end of lever 1830 which might be de-
scribed as a circle slightly flattened on top and

_oppositely deformed at the bottom side, such

modification being caused by vertical shifting of
the lever with respect to the fulcrum.

The first modeling of this transmitted move-
ment toward that desired is effected by curving
the slot {8324 substantially as shown so as to
cause the vertical center line of the geometrical
figure described by the upper end of the lever to
be deformed in a manner determined by the con-
formation of the slot, causing said end to describe
a roughly {riangular path as indicated diagram-
matically at “B” in the figure.

Further modeling of the pattern of movement
of the actuating tooth is accomplished by trans-
mitting the above described movement of the

upper end of lever (830 through a second lever

1824 which carries the actuating tooth and which
is fulcrumed at {83f. When the lever {824 is in
its leftmost position, the left lever arm is longer
than the right and vertical movement of lever
1830 is thus increased as it is transmitted to the
tooth. The actuating tooth is thereby given:suf-
ficient movement to carry it distinetly beyond its
next position of rest, thus insuring that any back
lash in the gearing connecting the driven gear
with the numeral wheel will be taken up. As lever
1824 is moved to the right, however, the relation
of the lengths of its arms progressively reverses,
causing the tooth to describe the pateh indicated
at “C” on the diagram. :

If the tooth path pattern is found to be too
asymmetrical because of the vertical shifting
of lever 1830 with respect to its fulcrum, as herein-
before mentioned, this condition can be com-

bensated for by making the slot of lever 1824

slightly angular, as indicated. The ideal tooth
path is one in which the actusting tooth upon
passing out of contact with the driven tooth
sweeps away from the driven gear along a path
retrograding slightly toward the following gear
tooth so as to meet and check it if it is over-
throwing past the position in which it should be
centralized. In a type of counter in which the
actuating tooth is not reversible, no compensation
for asymmetry of its path is necessary. In a
reversible actuator structure such compensation
may or may not be necessary, depending upon the
centers originally chosen.

By these means an actuator is provided which,
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first, sweeps into engagement between two teeth
of a gear in a direction which definitely precludes
it from picking up more than one tooth, second,
overdrives the picked up tooth to insure full ad-

vancing of the driven mechanism, and lastly,

sweeps out of engagement with the driven gear
in a path and at a relative speed which insures
interception and complete checking of the next
advancing gear tooth so as to prevent overthrow
by momentum.

As has been previously mentioned, the counter
register §800 is under the control of lever (803.
This lever controls manual reversal of the direc-
tion of actuation of the counter dial. As appears
in Figure 105, lever 1868 is mounted upon a stud
1840 on the left hand side frame of the machine
and is connected by link (841 to a lever 1842,
Lever {842 is connected by link {843 to a reversing
lever {344 mounted upon & stud 1845 and having
an extending end (846 providing a two place
radial cam 1847. This cam operates in a notch
in a flat slide {848 (Figure 106) which is supported
in the slotted end of shaft {819 (see also Figure
104) driven through the other reversing mech-
anism, more particularly shown in Figures 1062
and {84, and upon which shaft gears {852 and
18657 are freely mounied. The gear 1852 meshes
with a gear 1858 mounted upon a shaft (854 upon
which is also secured a gear 1855 in mesh with an
idler 1866. The gear (857, supported on shaft
1818, is in mesh with the idler 1856 and the gear
888 mounted on the shaft i859. The gear i858
corresponds to gear 822 and shaft 1859 cor-
responds to shaft 1823 in the right hand counter
actuator shown in Figure 104. _

Under the control of lever 1802, lever (844 is
moved selectively to position slide 1848 so that
projection 868 thereon is engaged selectively
with either the slot 1861 in gear 1852 or slot 1862
in gear 1887. In Figure 106, the projection is
shown in engagement with the gear 1857 so that
shaft 1819 is effective to rotate gear 1858 directly.
If the lever is moved in the opposite direction,
the slide shaft {848 is moved so that projection
1860 thereon engages gear {852 and gear 1857
is driven in the opposite direction through gears
1852, 1853, 1855, and idler 1858. Rotation of the
shaft 1889 is effective to move the actuating
finger {863 (Figure 105) by the same type of ec-
centric and centralizing mechanism as has been
described in connection with Figure 102 and to
which like reference numerals have been ap-
plied.

Lever 1803 is positioned so that link 1843 is
maintained in only one of two selected positions
at one time. Thus the end of lever {803 is pro-
vided with two adjacent angular faces 1865 and
1866 against which a lever 1887 is pulled by spring
1868. Rocking of the lever {803 in either di-
rection causes the lever 1867 to be moved in a
clockwise direction and tension spring 1868 so
that when the lever has been moved approxi-
mately half way between its two positions, the
spring 0868 forces it over and completes the
movement thereof, finally positioning the link
1843.

The counter mechanism proper includes a plu-
rality of dials 1875 which may be observed
through sight openings 1874 (Figure 1) in the
accumulstor carrisge,
dials is similar to that of the accumulator mech-
anism dials to which reference may be had for
a detailed description of the construction there-

The construction of these
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1801 is practically the same except as hereinafter
noted.

In the present case, the dials in both registers
are mounted upon shaft 1876 (Figure 20) ex-
tending through end plates 251 and brace plates
255. Each order of the counter unit includes a
gear 1871 rotatably mounted upon a shaft 1878
being engaged with a gear {818 and ifs coopera-
tively associated counter dial {815. Gear (879
corresponds to gear 213 in Figures 20 and 25.
Gear 1817 is also in mesh with a gear 1880 which,
in each actuated order in both counters {800 and
i801, may be engaged by the actuating fingers
1824 and 1863.

Immediately prior to each operation of the
counter dials, either clockwise or counter-clock-
wise, roll carriers 1884 (Figure 22) are freed from
spring tension fo permit rollers 1882 to move out
of contact with and out of the path of snail cams
1883. This occurs, upon each dip of the dipping
carriage, only in the operated order and all or-
ders to the left thereof in register 1804{, but in
all orders in register 1800. 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 (884 are rocked against the tension
of their springs (885 upon each carriage dipping
by a member 1890 carried by bell cranks 1891
on- shaft 542 (Figure 24). The bell cranks lie
beneath dipping bail 268 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 1853 as
are engaged by member {880. Roller carrier le-
vers 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 di-
rection.

In the left hand register 1800, levers 1895 are
mounted on shaft {894, with their tails beneath
the dipping bail 269 so that each time the car-
riage is dipped, the counter dials are free, levers
{895 serving in place of member 1890 in register
§801. : .

Clearance of the counter

As has been described under “Automatic Clear-
ance”, automatic means are provided for clear-
ing the accumulator mechanism. In addition to
the means previously described,a counter clear key
1810 is provided adjacent to theaccumulatorclear
key 313 (Figure 1) for selectively clearing counter
i881 and, if desired, counter {808. This clear
key 1910 sets into operation mechanism similar
to that described in connection with automatic
clearance and shown in Figures 30 and 31, to close
contacts 391 and start the motor into operation.
A clear clutch 1811 released by a clutch dog 1912
controlled by a lever (913 serves to rotate cam
19(5 to rock a lever 1916. Lever 1916 is attached
to a link 1917 which is connected to a forwardly
rocking lever 19f{8 supported at ifs forward end
and keyed to counter clear shaft 260 (Figures 20,
21, and 30). Rocking of shaft 260 rocks lever
{919 (Figure 17) to move an associated member
{920 positioned on shaft 1921 which extends only
through counter 180f. Members 1922 are keyed
to shaft 1927 and each includes a projection 1923
lying in & niche 1924 of a rocking lever §925 sup-
ported on shaft 1878. Rocking of levers {922
brings projection 1926 into the path of the zero
stop projection §921 (Figure 21) on each dial
assembly, and projection 1928 into the path of
one of the four projections 1923 of each dial
unit. Rocking of levers 1922 also results in ear
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1830 thereon engaging projection #93f on pawl
1932 to lift the pawl free from gear i871. Fur-
ther movement of lever 1922 brings projection
1933 (Figure 24) on pawl 1932 into engagement
with ear 1934 of member 1884. This member,
as previously described, rocks levers 188f and
returns the dial to zero position where projec-
tion 1926 engages projection {927 on the dial.
The dial is then in zero position where it re-
mains.

The left hand counter 1800 includes a shaft
1940 which is functionally similar to shaft 1921
and upon which similar units are mounted so
that rocking of this shaft is effective to clear
this counter. As has been previously mentioned,
register (800 is selectively cleared, lever 1841
(Figure 19) being mounted on the shaft 1946 for
this purpose. The lever {94} includes a radial
extension 1942 providing a two place cam which
bears against a pin 1343. The pin 1943 is thus
slidable in shaft 268 against the pressure of a
spring 1844, :

The end of the shaft 260 is slotted as is the
hub of lever {945 mounted on the shaft and lever
1945 carries a roller 1948 which operates against
the lever 1947 mounted on shaft 13940. Slidable
rod 1843 carries a transverse pin (947 which is
selectively moved info and out of engagement
with the slotted ends of shaft 260 and the hub
of lever 1945 to clutch them together. With the
lever 194§ in that position designated as “{” in
Figure 1 (see also Figures 16 and 19), depression
of the counter clear key will clear only the right
hand counter 180{. However, if the lever is
moved to the downward position, that opposite
the figure “2” in Figure 1, the transverse pin

will engage the hub of lever 1945 and the shaft-

260 whereby, upon depression of the counter
clear key, both counters will be cleared by rock-
ing of the shaft 268, thereby rocking both shafts
1921 and {940.

Framr CONSTRUCTION

The frame members of the present machine
are secured together in such a manner that they
provide a rigid, strong frame, of sufficient
strength and inherent rigidity to be satisfactory
and yet be relatively light in weight. As appears
in Figure 107, a novel manner of connection is
utilized to secure the abutting frame members
together. Thus, the right side frame member
is provided with extensions 2150 which extend
through suitable -slots provided in the base plate
2154, Screws 2152 are extended through from
the base plate and engage square headed nuts
2153 slipped into recesses 2154 in the side frame
member. The nuts extend over the inner edge
of the extension 215! so that when the screw
is turned, the frame member is forced through
and section 2155 is brought into engagement with
the adjacent portion of the base plate. A similar
manner of connection can be utilized between
any other abutiting frame members in the
machine,

The light sheet metal covering 2156 is provided
to enclose the machine and prevent entrance of
dust and unauthorized tampering with the
mechanism of the machine. This enclosing cas-
ing can be suitably lined with sound deadening
material if desired and is preferably mounted
upon resilient feet 2157, usually of rubber. Stud
2158 is ordinarily extended through the rubber
foot, a washer 2159 being provided between the

stud and the rubber foot. A piece of sound

deadening material, such as rubber or some other
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effective sound deadening composition 2(60, is
positioned between the base plate 2151. and the

- casing. Sound deadening connections are also
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provided between the casing and the frame, one
of these connections being shown in section in
Figure 108. This connection includes & cupped
member 2162 having a plurality of fingers 2162
bent over a disc 2164 to which a screw 2165 is
fastened. Within the cup member are placed
two pieces of sound deadening material, 2166 and
21617, while a bushing 2168 is extended through
large aperture 2169 in the rear of the cup 2162.
A disc 2170 is fast to the bushing and is positioned
between the two pieces 2166 and 2167 so that s
direct metallic connection between the frame and
casing is not made. The disc is secured by
screw 2172 to casing 2156 while the stud is
fastened to the frame by nut 271,

The pieces 2166 and 2167 are of a sound dead-
ening material such as a condensation product
having very light flow characteristics and a very
low period of vibration, so that its sound absorb-
ing qualities and vibration transmitting qualities
are very poor. While the machine is inherently
free from vibration, particularly since all opera-
tions are practically continuous in contrast to
those of present commercial machines, the type
of connections heretofore discussed prevent any
resonance or vibration of the casing and prevent
any amplification of the sound of operation
thereby.

SHIFT MECHANISM

Means are included in the present machine for
shifting the carriage 258, either to the right or
to the left. The controls for this shift include
an automatic one step shift of the carriage to
the left after each automatic multiplication or
division operation until the last carriage position
is entered when, after the operation of the
machine in that position, the carriage may shift
automatically to the right to a position as pre-
determined by the tabulating mechanism; a one
step shift to the right, initiated by depression
of the back space key 1405 (Figures 1 and 68) ;
a one step shift to the left indicated by depression
of the zero multiplier key (Figures 1, 60, and 638) ;
a shift of the carriage to that order determined
by the position of mechanism set by knob 1499
(Figures 1, 69, and 72) upon depression of the
tabulator key 1560 (Figures 1, 68, and 69); a
lever 1448 (Pigures 1 and 78) controlling shif
or non-shift of the carriage in the automatic
multiplication and division operations, as well as
means disabling the shift during multiple addi-
tion or subtraction operations
These several controls will be described after the
pbower driven mechanism for rotating shaft 334
to move comb 338 to slide the carriage, has been
disclosed. .

Movement of the carriage by the power driven
mechanism is immediately under the control of
a member 1308 (Figures 64 and 68) supported
on a shaft {30f. This member is connected by
a link 1374 to a lever 1375 which is rocked coun-
ter-clockwise or clockwise about shaft §376, to
move member {300 likewise. When member 1268
is moved clockwise, extension 1302 (Figures 64
and 68) thereon is positioned in engagement with
toothed wheel 1363 whereby shaft 334 (Pigure 65)
is rotated to shift the carriage to the right. When
member {360 is moved counter-clockwise, mem-
ber {300 positions point 1308 in engagement with
star wheel 1305  whereby shaft 238 rotates to
slide the carriage to the left. 'The engagement of

the toothed wheel 1303 or of the wheel 1305 re- °

" 1322 fixed to their other ends.

(Figure 78)."~

2,211,736

sults in the selective turning of the shaft 334
by power derived from the following mechanism.

A gear 362 (Figure 65), driven by idler 647 (see
also Figure 53), is secured to 2 shaft 1306 which
is positioned between the center and right side
frames, Gear 648, also driving the setting clutch
(Figure 5§3), is also secured to shaft 1396 by mem-
ber 1307. Member {307 (Figure 65) is secured
by riveting over the end of sleeve 1388 upon which
the gear 648 is fixed as is a spider £309. Mem-
ber 307 is provided with two extending lugs
which engage keyway #328 in shaft 1306. The
member {307, spider 399, and gear 648 are
mounted and secured on sleeve {308. The mem-
ber 1307 and the spider 308 include extending
lugs 1231{ engaging slots in the gear §48.

An internal ring gear 1315 is welded to the
spider 1809. This gear is in mesh with three
planetary gears 13{6 (see also Figure 64), riv-
eted to one end of shafts 13t7 which have gears
These shafts
extend through bearings 13{8 provided in the
toothed wheel 1383 and the gears 1316 thereon

. mesh with the internal gear 13{5 and with a

sun gear 1320. The sun gear {320 is formed upon
an end of sleeve 132! to which star wheel {385 is
keyed, shaft 1306 being turned down to receive
the sleeve {32i.  Gears 1322, formed on the ends
of shafts 1317, mesh with sun gear 1327 to which
is secured gear 12324. :

Gear 648 is always rotated when the motor
is rotating, so that the ring gear {315, planetary
gears {316, and their associated gears 1322 turn
idly. If the toothed wheel 1803 is held, how-
ever, by extension 302, revolution of the plan-
etary gears 1318 and 1322 is prevented and the
planetary gears serve to rotate the sun gear §327
and its associated gear 1328 to turn gear 1326
with which gear 1824 is in mesh. If, however,
the star wheel 13085 is held by point 354 rocking
into engagement therewith, sun gear 1320 will be
held stationary and the planetary gears {316 and
1322 will both revalve and rotate with the inter-
nal gear {315 whereby the gear 324 will be driven
in the opposite direction and the rotational di-
rection of gear 1826 reversed. ' This selective re-
versal of rotation of gear 1326 is utilized to effect
a shift of the carriage in either direction.

The gear {326 is rotatably mounted on a hol-
low shaft 1331 between cam 332 and a spacer
1330 thereon keyed to said shaft. Sleeve 1333
is also rotatably mounted on the hollow shaft and
supports a cam 1334 thereon, while a centralizer

- disc 1335 is keyed to the hollow shaft §33(.
" Spring 1337 is compressed between lock washer

1838 and lock nuts 1338 on the threaded shaft
{336 which is screwed into the hollow shaf §331.
This construction provides for the support of
gear (326 on the hollow shaft and for o friction
drive connection effected by cam 1332 and spacer
£330 which are keyed to shaft 123! and pressed
against the gear 1326 by spring 1337 bearing

~against the lock washer 1338, the centralizer cam .

1335, the spacer {338, and the spacer 1330.

The hollow shaft 133! is supported in & suig-
able bearing 1348 provided in the left control plate
524 of the machine. A mitre gear 1341 is fixed
on the end of the shaft and meshes with mitre
gear 1342 mounted on the lower end of vertical
shaft 334. Shaft 838 is supported in an angle
piece 1343 secured to the base plate of the ma-
chifie and carrying a sleeve bearing 1844 riveted
to the angle piece and which supports an end
of the hollow shaft 1331.

When link (374 is first moved %o either the
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tight or left, latch lever i350 (Figure 64) is re-
leased from against ear 1354 to rock about shaft
1351 under the pull of spring 1352 and seat its
projection 1353 either above or below ear 1354
on member {300 so that the member is latched,
and rotation of the unit commencesonce link 1374
is moved. :

Upon rotation of shaft 1331, lever 1350 is moved
by cam {334 to release the ear 1354 at about the
middle of the cycle. An arm {356 (see also Fig-
ure 66) is secured to a bushing (345 pinned to
shaft 135f. This arm includes an extension or
nose 1357 engaging the periphery of cam {334 so
that when this cam rotates, the lever 1356 is
moved in a counter-clockwise direction to engage
ear 1358 on lever 1350 and rock it to release ex-
tension {354.

It is to be noted that the cam (334 includes
two opposite steep rises over which the nose 1351
rides. Upon clockwise rotation of the cam from
the position shown in Figure 66, the nose #1357
rodes over one of these at about the middle of
the cycle while, if counter-clockwise rotation of
the cam {334 took place with the shaft, the arm
1356 would be moved a distance sufficient to re-
lease the ear 1354 early in the cycle. To secure
the same cyclic time of operation of the lever
1350, the cam 1334 is free on the shaft and is
driven by the centralizer disc 1335. As appears
in Figure 64, this disc includes two notches 1360
on opposite sides thereof. Upon clockwise ro-
tation of the centralizer disc 1335 from the po-
sition shown in Figure 64, roller {36{ on cam
1334 is engaged immediately and the cam is
rotated. However, upon counterclockwise rota-
tion of the centralizer cam, the voller 361 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 {355
and disengagement of the ear 1354 occurs at the
correct cyelic time.

The centralizer disc carries two rollers 863
against which an arm of bell crank (384 bears
under the pull of spring 3644 so as to cen-
tralize the drive unit as well as the shaft 334
on the carriage proper.

Lever 1365 is also mounted upon tke shaft 1351
(see also Figure 67) and is pulled by spring 1368
in a counter-clockwise direction so that tail
1367 on the lever rides against the periphery of
cam {332. 'This cam, which is keyed to the hoi-
low shaft 1331, serves to rock the poiat 138§ on
the lever into and out of engagement with the
shelf 1354, the point lying either above or below
the shelf depending upon the direction of move-
ment of the member i388. The lever 1365 is
moved in to hold the shelf 1354 just before the
projection 1353 is pulled out and thus ensures
that the clutch operation will continue. This
lever 1365 is roccked out just before the end of
each individual shift cycle so that member 1308
can be moved to disengage the unit and the shif
end, unless the shift called for is a multi order
shift, when the mechanism or key controlling will
prevent member (300 from being disengaged un-
til projection 1333 again engages shelf 1354,

In automatic division and multiplication oper-
ations, except when the carriage is in the left
end position, link 1374 is moved to the left (Fig-
ure 68) 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 1374 in divi-

“sion will be described presently, while the con-

struction of the mechanism associated with the
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link and its movement in automatic multiplica-
tion operations is here disclosed.

The link 1374 is extended between member 1300
and lever {315 pivotally mounted on shaft 13716.
A lever 1371 having an upwardly turned end 1378
is secured by a pin 1319 to a lever (380, The
lever 1380 is pivotally supported on shaft 1381
while the spring 1382 is provided between an ex-
tension of the lever 1380 and the lever {317 to
pull lever {371 counter-clockwise. The lever
1380 also carries a dog 1383 having a shoulder
formed thereon to engage extension 1384 on the
link 1374. The right hand end of lever 1377 is
formed with nose 1385 which normally lies below
and against extension 1386 on lever 570. Upon
dipping of the carriage, lever 510 moves in a
clockwise direction so that the extension is moved
to the right (Figures 48, 68, and 89), and the
spring 1382 pulls lever 1317 so that its nose lies
to the left of the extension 1386. This counter-
clockwise movement of lever 1317 is limited by
its extension 1390 which underlies shaft (388.
Upon the following restore clutch operation and
raising of the carriage, the cam lever 570 ig
rocked in a counter-clockwise direction and ex-
tension 1386 pushes lever 1377 to the left (Figures
48, 68, and 89) so that the dog 1383 is effective
to pull link 1374 to the left and thus engage
point 1304 with star wheel i305 and start s shift
of the carriage to the left.

To ensure that the shift is limited to a single
step, lever #3771 is rocked clockwise and is dis-
engaged from extension 1386, spring (382 being
tensioned. It will be recalled that during the
shift operation cycle, cam {334 operates to move
lever {356 in a generally counter-clockwise di-
rection to remove lever 1350 from engagement
with extension 1354. Movement of the lever 358
a1so rocks bell crank 1387 about shaft 1388 (Fig-
ure 89) so that shelf 1383, which lies beneath
lever 1871, rocks lever {377 clockwise to release
its nose 1385 from extension {385. 'The member
1300 is thus freed from the restraint of extension
{386 and can be released and centralized, as ex-
plained in connection with the shift motor cir-
cuit control. :

The above described shift occurs after each
muitiplication operation except when the car-
riage reaches the last order when control of the
shift passes to the presenily described tabulating
shift mechanism.

Since during the shift operation, the setting
clutch, the main clutch, and the restore clutch,
are not operating, the cireuit to the motor is open

in so far as these are concerned. The shift

mechanism includes (Figure 8%y means for clos-
ing the circuit independently of these, as has
been mentioned in connection with Figure 30.
Rocking of lever 1375 about shaft {376 is effective
to move link 48! (Figures 30 and 89) to close
contacts 381 in the motor circuit. Lever {419
hangs from a pin {411 adjacent the lever 1315
and the end of lever 14i{8 is connected by pin
419 to a link {4{2. The pin 1419 extends into
a slot in the link 1412 so that member 402 can
be moved without moving lever 1410, The links
1412 and 40( are joined by the screws i413q
extending through slots in each of the links so
that the overall length of the links can be ad-
Jjusted.

When the lever 1375 is moved in a counter-
clockwise direction it engages against extension
{410a on lever {418 te rock that lever in s clock-
wise direction and pull links 14{2 and 40! to the
left (Figure 89) whereby member 402 is moved
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in a clockwise direction to permit the contacts
391 to engage and close the motor circuit. When
lever 1375 is moved in a clockwise direction, it
engages the offset lower end of lever 1410 and
rocks that lever also in a clockwise direction
whereby links 1412 and 461 are pulled to the
left (Figure 89) and the contacts are closed.
The lever 1410 includes extending fingers 1415
which lie on opposite sides of lever 1315 and act
as guides,

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 clutch are not in
operation and since the operation of the setting
clutch and main clutch is controlled by depres-
sion of the main operating bar, an interlock is
provided to prevent depression of the main oper-
ating bar and consequent operation of the set-
ting and main clutches whenever the shift mech-
anism is operating. To this end, a lever 1416 is
pivotally mounted on shaft {447 and is conrnected
by link 1418 to the end of lever 1410. Whenever
lever 1410 is rocked in a clockwise direction, le-
ver 1416 will be rocked likewise in a clockwise
direction to bring its nose 1419 beneath exten-
sion 1420 on the main operating bar link 505
(Figure 41) to temporarily interrupt lowering of
the main operating bar until the circuit is opened
and the shift has conrequently come to an end.
The lever (416 then recedes permitting setting
clutch operation to proceed if the main operat-
ing bar has been depressed in the meantime.

The member {300 is disengaged and central-
ized at the end of the shift operation by member
1410. This member is rocked clockwise about
its pivot 1411 by lever 1375 so that spring 1400,
which extends between pin {401 on a frame mem-
ber and extension 1402 on member 1410, is ten-
sioned. When link {374 on lever (375 is released,
during a shift cycle, the levers 1350 and 1365 serve
to retain the member 1300 in its shift controlling
position until practically the end of the cycle,
as has been explained. The spring {400 is then
capable of rocking lever {315, and moving link
1374 to position memper 1300 as it appears in
Figures 64 and 68, momentum and the centralizer
1364 completing 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. Pinned to shaft 2091 (Figure 60) is a le-
ver 2090 which is rocked in a clockwise direc-
tion when the multiplier zero key is depressed,
to move the lock bar 2055 to latch the other mul-
tiplier keys in their raised position. The lever
1460 (Figure 68), also pinned to shaft 2091 over-
lies an extension 1463 on lever {464 pulled in s
clockwise. direction by spring 1865 about g sup-
porting pin {466. This lever includes an exten-
sion {467 to which is secured g link 1468, joined
by pin 1469 to another link (470, When the
lever 1460 is rocked in a clockwise direction, the
lever 1464 is rocked in a counter-clockwise di-
rection so that pin 1469 is moved to the left (Fig-
ure 68) and rocks the shaft (885 counter-clock-
wise through the bifurcated arm 1482 which is
pinned to the shaft and embraces the pin {469.
Situated adjacent each other on the shaft 1485
are two similar V-shaped members 1480 and 1481,
each of which is provided with two facing lugs
1486. Spring 1490 is compressed between these
four lugs, so that rocking movement in either
direction may be transmitted from one of the
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V-shaped members to the other through the
spring. Member 1480 is pinned to the shaft 1485
and is rocked by movement of the arm 1482, thus
rocking the member 1481 which is free on the
shaft 1485 and which has a tail pivotally connect-
ed to the link §483 which is thus pushed to the
right (Figure 68) to move pin {487 lying in a
notch in said link, also to the right. This results
in movement of link {4713 to the right and a
counter-clockwise rocking of lever {375, which
link 1473 embraces in its notch 1474. The link
1413 is supported with the notch 1414 in engage-
ment with the end of lever (375 by a link 1476
connected to the member 1026, as will appear
in the division mechanism (see Figure 79) and
by the member 1509 supported on shaft 1818 (Fig-
ure 69). Counter-clockwise rocking of lever 1315
is effective to pull the link {314 to the left (Fig-
ure 68) and institute a one-step shift of the car-
riage.

It will be recalled that the normal position of
lever 1371 is with its nose 1385 underlying exten-
sion 1386. Since the zero muliiplier kKey does
not institute a main clutch cycle, the carriage is
not dipped and consequently the restore clutch
is not operated, so that extension (386 is not
moved to release lever 13711. Accordingly, when
lever 1356 is rocked by the cam 1334 at about
the middle of the shifting clutch cyecle, arm 1391
is moved to the left (Figure 68) to strike pin
1393 to release the zero key and to disable the
lever 1375 to the end that the shift operation
ceases after a single step. Arm {891 is supported
on lever i392 on shaft 1351. ZILever 1392 is con-
nected to lever {356 by a bushing {345 so that
whenever lever {356 is rocked, arm 1392 is also
rocked. A link {403 connects lever 1377 to arm
1391 so that whenever lever 1371 is in that posi-
tion shown in Figure 68, the arm (3%{ can en-
gage against pin (393. However, if extension
1386 is rocked upon dipping of the carriage, link
1403, upon upward movement of lever I3T7, moves
the arm {891 so that subsequently, if lever 1356
is rocked, the pin 1393 is not struck. However,
during the shift operation occasioned by the zero
key, lever {317 remains in that position shown
in Pigure 68, and arm 1391 is in the position
wherein it can engage pin 1393 upon rocking of
the lever i356. The pin 1393 is carried on one

arm of the two-armed member 1394 supported !

on shaft 1395 and pulled to the left (Figure 68)
by spring 1404. Link {396 is connected to the
other arm of member 1394 and is supported at its
left hand end by bell crank 1387 supported on
shaft 1398. This link includes a shelf 399 which
lies cooperatively adjacent to lever 2058 (Figure
60). Upon depression of the zero key, the lock
bar 2053 is slid toward the left (Figure 60) to
brevent depression of another multiplier key, as
well as to maintain the zero -key in depressed
position. However, when the arm 139{ engages
the pin {393, the shelf 1399 is moved to the left
and lever 2058, which is rocked in a counter-
clockwise direction upon depression of a zero
key, is moved in a clockwise direction to move
the lock bar 20655 to the right (Figure 60) to re-
lease the zero key. At the same time, bell crank
1397 is rocked counter-clockwise so that pin (484
thereon engagés the under side of link 1483 and

rocks that link in a counter-clockwise direction ;

to remove the notch in said link from engagement
with the pin 1487 so that spring 1400 (Figure 89)

-can centralize the lever 1315 and the member 1308

toward the end of the setting clutch cycle after
levers 1350 and {365 have released the extension
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1354 on the member 1300. Rocking of the lever

1315 also rocks the lever 1410 to open and close

the motor circuit, as has been previously de-
scribed.

It the “zero” key is depressed while the ma-
chine is running out an operation initiated by
previous depression of a multiplier key, the shift-
ing operation must be delayed until the conclu-
sion of the previously initiated operation. In
other words, the digitation must be followed first
by an automatically initiated one-step shift and
then by another one-step shift initiated by the
“zero key.” In this situation the mechanism
operates as follows. i

It is assumed that, say, a “nine” multiplier
key has been depressed, that the setting clutch
cycle for releasing said key and engaging the
main clutch has been completed, and that the
machine is engaged in running out the nine
successive cycles thus initiated. The release of
member 820 (Figure 75) has permitted shaft 822
to rock, lowering bar 503 (Figure 41) and rock-
ing frame 505 downward. Lug 1420 on said
frame has thus been brought into contact with the
right side of lever 1416 (see also Figure 89) pre-
venting clockwise movement of said lever and thus
preventing clockwise movement of the shift cen-
tralizer 1410 to which lever 1416 is connected by
link 1418. Locking of the centralizer 1818 in this
manner, locks the main shift control member §375.

The “zero” key is connected to this control
member 1375 through (Figure 60) lever 2090,
shaft 2091 (Figure 68) lever 1460, lever 1463, link
1468, arm 1482, shaft 1485, the spring unit 1480,
1490, 1481, link {483, and link 1473, the latter di-
rectly engaging the lower end of control mem-
ber 1315. Since member 1315 is locked at the
time the key is depressed, spring 1489 in this con-
necting linkage will be compressed, the key being
latched down as heretofore described.

As digitation is concluded, operation of the
restore clutch will be initiated, returning mem-
ber 820 (Figure 75) to the left and removing lug
1420 (Figure 89) from the path of lever 1416.
This will not only permit expansion of the com-
pressed spring 1490 (Figure 68) to initiate a shift
operation but will positively insure such opera-

-tion, since as the carriage rises, the lug 1386 (Fig-

ure 89) will be brought against the right end of
member {377 as in the ordinary course of in-
itiation of an automatic carriage shifting opera-
tion. '

However, the shifting operation will not, in this
case, be terminated at the end of one step of
carriage movement. It will be recalled that the
shift terminating mechanism includes an arm
1356 (Figure 89) adapted to be rocked by cam
1334, and an arm 1392 (Figure 68) connected to
the arm (356 by a bushing 1345. The arm 1356
is adapted to terminate an automatically initiated

_ shift by rocking lever 1387 to lift the left end of
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member §3771 and release the right end thereof
from lug 1386, while the arm 1392 is adapted
to terminate a manually initiated shift by moving
link 1396 to the left to rock bellerank 1397 and
lift link 1483 away from pin (487. These means
are, however, interconnected by link {403 (Figure
68) so that, when the right end of member 1377
is in raised position, arm 1392 can not operate
link 1396.

Toward the middle of the first shift cycle,
therefore, arms {356 and 1392 are simultaneously
rocked by cam 1334. Since the right end of
member (377 is in raised position, interponent
£391 is held up by link 1403 and over overshoots

39

pin 1383 without moving link 1396. Although
the same cam action lowers the right end of
member 1317 releasing it from lug 1386, member
1375 remains held by link 1413 and thus can not
be centralized to terminate the shift. Another
cycle of operation of the shifting mechanism
therefore ensues.

This time the interponent 1391 has been low-
ered into line with pin 1393 by the lowering of the
right end of member 1317 during the previous
cycle, so that as the arm 1392 is rocked during
the second cycle, link 1396 will be moved to the
left, rocking lever 2058 fo release the depressed
“zero” key and raising link 1483 away from pin
1487 to permit centralization of control member
1315 and termination of the shifting operation
whether or not the key is being held down man-
ually.

The back space key 1405 is employed to secure
a one-step shift of the carriage to the right.
This key is mounted upon a key stem 1406 which
is held in its raised position, as shown in Figure
68, by spring 1407. The key stem is connected
by pin 1408 to link 1470 and {408 which are
pulled upwardly by a spring connected to the
frame. When the back space key is depressed,
pin 1469 moves in a clockwise direction, whereby
lever 1480 is moved counter-clockwise to move the
link 1483 and its associated link {4713 to the left
(Figure 68) rocking the lever 1315 in a clockwise
direction and engaging extension 1302 on member
1300 with the toothed wheel 1303 to institute a
one-step shift to the right, the mechanism func-
tioning as has been described in connection with
the depression of the zero key, except that the
shift is to the right instead of to the left.

When link 1396 is rocked to the left (Figure 68)
the link 1483 is raised against the pull of spring
1487a and spring 1410 and 1407 are then free to
raise the key stem and return the members 1480
and 1481 to that position in which they are shown
in Figure 68.

In multiple addition and subtraction opera-
tions, it is desirable that shifting of the carriage
be prevented even though the multiplication keys
are employed. To this end, therefore, lever 1420
is mounted upon shaft 809 (Figures 55, 78, and
79) which, it will be remembered, is operated by
the addition bar and the subtraction bar, the
shaft being rocked in a clockwise direction tpon
depression of either of these bars. The lever {420
carries a pin 1421 overlying an extension lever
1422 so that when the addition bar or the sub-
traction bar is depressed, lever 1422 is rocked in
a counter-clockwise direction. Spring 1424 pulls
lever 1422 normally into that position shown in
Pigure 78. However, when the levers {420 is

‘rocked in a clockwise direction, lever 1422 is

rocked counter-clockwise to bring extension 1425
thereof against the tail of lever 377 and rock
that lever about its supporting pin 1379 and hold
the lever beneath extension 1386 so that it can
not be moved to the left by extension 1386 on
the carriage dipping cam upon operation of the
restore clutch. Lever 1377 is latched in it inop-
erative position until the end of the multiple ad-
dition or subtraction- cycle, extension 1425 being
engaged in the notch 1426 in a lever 1427 to retain
lever {377 in that position shown in Pigure 78.
The lever (37T is released upon operation of the
restore clutch, and in this connection, it will be
remembered that link 846 is rocked to the left in
Figure 78 (see also Figure 58) upon operation of
the restore clutch so that link 845 is also rocked
to the left and extension 1428 thereon engages
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an arm {425 on the lever {427 rocking the lever
in a clockwise direction against the pull of spring
1430 to release projection 1425. Spring 1424 then
pulls the lever 1422 clockwise and releases lever
18771. .

If, during any operation, it is desired that the
shift be entirely disabled, the shift and non-shift
control lever {440 can be set to either permit a
shift tc ensue, or to disable the shift entirely.
This lever extends through to the keyboard of
the machine, as appears in Figures 1 and 78, be-
ing supported upon shaft {84{ which also sup-
ports the lever 1422. The lever is centralized in
either its shift or non-shift position by an ex-
pansible link {442, particularly disclosed in con-
nection with Figure 51, the link being extended
between pin 1443 which supports 'the lever 1424
and a pin 1444 in the end of the lever §440. In
that position shown in Figure 78, the lever (440
is in the shift position and will permit any shift
called for by any operation of the machine to
ensue, However, if the lever is moved to its non-
shift position, being rocked counter-clockwise in
Figure. 78, pin {444 rides against the under face
of lever (422 and moves the lever counterclock-
wise to engage lever {371 and rock it about its
supporting pin (379 until extension (425 is
latched in notch {426. In this position, the lever
1448 will retain the lever {377 even though the
restore clutch operates to move link 846 to the left
and rock the latch lever 1421, since the centraliz-
ing link 1442 will retain the lever {448 in posi-
tion. The latch lever 1440 includes an extension
1445 carrying a roller which engages extension
1848 on the latch lever (427 when the non-shift
lever (440 is moved to non-shift position. This
disables the latch, the link {842 being sufficient
to retain the lever {377 in its raised position.
When the shift lever 1440 is moved back to shift
position, the latch lever 1427 is permitted to be-
come effective again. - The shift lever {448 is thus
effective to disable the shift, for so long as this
lever is in non-shift position, the tail of lever {337
will be maintained in its raised position.

In Figure 78A there is shown a modification
which does not disable the shifting mechanism
in division if lever £377 happens to be latched so
that it can not engage the extension 1386. In
this modification, a non-shift key (448 is em-
ployed, being positioned on a key stem #1449 con-
nected to the lever 1422, Upon rocking of lever
1822, by depression of the non-shift key {448 or
by operation of the addition or subtraction bars,
latch lever 1422 is effective to latch the lever
{377 so that it can not subsequently be engaged
by extension 1386. However, upon the first op-
eration of the restore clutch, link 845 will be
moved to the left (Figure 78A) and the latching
of lever 1377 will be released, spring 1424 pulling
lever 1422 in a clockwise direction, so that the
lever is released. This is effective in division
operations which include two restore clutch cy-
cles, the shift occurring at the end of the second
restore clutch cycle. If the non-shift key 1448
is inadvertently locked down and a division com-
mences, the first restore clutch cycle is effective
to release the latch so that the shift can take
place at the proper time, automatically, at the
end of the second restore clutch cycle.

TABULATING SHIFT

The carriage of the present machine is shift-
able to nine different positions, the first position
being that in which the carriage is at the extreme
left. In Figure 1, pointer 1498 indicates that the
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carriage is in the seventh position. Under the
control of the tabulating key 1500, the carriage
250 can be moved by the shitt mechanism to the
right or left to any position determined by the
setting of knob 1499 in the tabulation setting
mechanism. The tabulator key 1500 is mounted
upon & stem 150{ supported by a pin 1502 in a
slot in the key stem and by a lever 1503 pinned
to the shaft {478 (Figures 69 and 70). This shaft
extends from the center frame to the right side
frame and carries thereon, adjacent the center
frame, a member {504 which is pinned to the
shaft. . Freely supported upon the shaft 1418 is
the member {477 provided with a tail {505 carry-
ing roller 1506, The member §504 and the mem-
ber {477 respectively include noses extending to-
ward each other and retaining a strong compres-
sion spring £507. Member {504 includes a shelf
1508 which extends beneath the tail 1505 to pre-
vent overextension of the spring 1507. Move-
ment of member 1504 is transmitted to the mem-
ber {477 through the spring 1507 so that the roller
1806 will be depressed upon depression of the
tabulator key 1500,

As appears in Figure 69, a member 1510 is sup-
ported upon a shaft 154§ and includes a T-shaped
slot 1502 into which extends a pin 1513 on lever
548, which lever underlies the roller 1506 and
i5 thus depressed when the member 1477 is rocked
by depression of the tabulator key. Lever 1518
is pivotally connected to link {413 by pin 1481
supported by link (509 free on the shaft 1478.
The lever {5{8 also includes an extension {5{4
carrying a pin §5i{5 which engages nose 1545 on
the lever 517, supported from a pin §5i8 and
bulled by a spring so that its nose engages the
pin 1515. Depending upon whether the carriage
is to the right or to the left of that position for
which the tabulating mechanism is set, or is
exactly in that position, the pin 1515 will lie
either above or below the nose {516 or, if the car-
riage is in the position called for by the tabulat-
ing setting mechanism, it will stand against the

. ose as appears in Figure 69, If the pin is above
" the nose, the pin 1513 will ride down the left hand

side of the T-shaped slot §512 upon rocking of
the lever 477 and the link (473 will be moved
to the right. If the pin (515 is below the nose
{8186, the pin 1513 will ride down the right hand
side of the notch 1512 and the link 1478 will be
moved to the left as is shown in Figure 69.

In either case the latch end of lever 517 will
be pulled into engagement with the upper side
of the stud which carries roller {506, holding the
lever {519 depressed until lever 1518 returns to
the position shown in Figure 69, whereupon the
pin 1515 thereon will rock lever i517 to release
the stud which carries roller {506 and stop the
shifting mechanism., Movements of link (473 to
the left or right result in either a clockwise or a
counter-clockwise oscillation of lever 1375, and
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consequently, either a right or a left hand shift -

of the carriage.

The details of the mechanism determining the
direction and extent to which the carriage moves
upon depression of the tabulating key, will now
be described. As appears in Figure 74, a Geneva
cross {520 is mounted on a shaft 152§ supported
in a bracket {522 on the left side frame of the
machine. Shaft (521 is connected by a flexible
spring coupling {528 to a shaft 1524 likewise sup-
ported in brackets 1525 on the side frame. Ro-
tational movement of the shaft 1528 is transmit-
ted through another flexible coupling 1526 to an
angularly positioned shaft {521 supported in
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brackets 1528 on the side frame and bottom frame
of the machine to another flexible connection
1528 which is connected to stub shaft 1530 upon
which gear 1531 is secured. The several flexible
couplings are formed of springs wound over each
other in opposite directions and inserted into the
shafts to which they are joined and wherein
they are secured by set screw and sweating.

The (Geneva cross 1520 engages a rack 1532
which is fixed to the various brace plates in the
carriage along the left hand side thereof (see also
Figure 22), each step of movement of the carriage
causing a ninety degree rotation of the Geneva
cross. This results in a quarter rotation of the
gear 153¢ and its shaft 1530 in the supporting
bearing 1534. Rotation of gear §53{ also rotates
gear 1536 which is fixed to a sun gear {537 (Fig-
ure 72) mounted on a shaft 1538, This shaft is
supported in a member 1539 riveted to the front
lateral frame of the machine 1549 and the end of
shaft 1541. Rotation of the sun gear causes ro-
tation of the dual planetary gears 1542 and {543
to rotate ring gear 1544, revolution of the plane-
tary gear support being prevented except dur-
ing manual setting. The planetary gears are
supported in a plate 154% carried on shaft (541
and which shaft is movable in its supporting
bearing (546 only by knob {499, which is utilized
to predetermine the position to which the car-
riage returns,

The ring gear 1584 carries a spider 1548 (see
also Figure 71) having extension {548. This ex-
tension includes a pin 1550 which, as the spider
is rotated, moves arotnd the inner periphery of
member 1851, In that posltion shown in Figure
71, the pin 1536 is seated in a notch 1552 in mem-
ber 155{, this position corresponding fo that
which the parts occupy when the carriage is in
the position calied for by the setting of knob
1498, When the pin first moves out of notch
1552, member {851 is rocked about shaft (553
so that its inner periphery corresponds to the
radial distance from the cenfer of shaft (541
about which the pin {556 rotates. Now, if the
carriage moves so that the pin 580 rides over
the upper surface of member {55!, as happens
when the carriage shifts to the left as in auto-
matic multiplication and division, member [55(
is rocked in clockwise direction about its sup-
porting shaft §553.

The tail of member 1850 is bifurcated (Fig-
ures 89 and 71) to receive one end of lever {554,
supported on pin 1555, carrying a stud 1558 lying
in & slot in lever {5(0. When member {55i is
rocked clockwise, lever 1510 will be moved in &
clockwise direction to position pin {55 beneath
nose {516 so that when the tabulating key (500
is depressed, link {473 will be moved to the left
by pin 1518 riding down the right side of the
T-slot i5i{2. Movement of the link {478 will
institute & carriage shift to the right, and the
pin 1550 will return along the inner surface of
member {551 until it seats in the notch {552
and pin 1595 lies against the nose 1508, this
being the position in which the carriage posi-
tion corresponds to the setting of the tabulator
setting mechanism. Thus, if the carriage has
shifted into the number “one” position, as &b
the end of an automatic multiplication, with the
knob {499 set to the “seven” position, the car-
riage shifts to the right.

Since the member 155f is only rocked when
roller 1550 moves into or out of that position
in which it seats in notch 1552, the lever 1548
and link (4713 are held rocked until near the

41
end of the shift operation in the last order to
be shifted into when spring 1558 moves pin 1513

Iink 1473 so that spring 1400 (Flgure 89) can cen-
fralize the member {300.

Since lever 1311 (Figure 68) is beneath ex-
tension 1386, arm 1391 is supported by link 1403
in position to move link {396 to the left and
rock 'link 1483 counter-clockwise to move the
notch therein from about pin 1487 so that there-
after the back space key and zero multiplier key
are incapable of initiating a shift until link 1473

returns to that position shown in PFigure 68

wherein the pin {487 can seat in the notch.
Spring 1487A pulls the link into engagement
with the pin 1487 afier each rocking thereof dur-
ing each cycle of operation of the shift mecha-
nism. However, when the link §473 is first moved
upon depression of the tabulator key, springs 1490
and [48TA are so stressed that the link 1483,
when released, is moved into a position where-
in ils notch can not engage the pin (487 un-
til the link 1473 returns.

The shait i54{ carries g numeral dial §560
(Figure 73) keyed thereto. Numerals 1556 on the
dial shell are visible through an opening 1567
in the front cover plate of the machine, s¢ that
the setting of the tabulating mechanism can be
readily adjusted and varied by the operator. A
lever (860 is supported on a screw 1562 in the
iront plate 216{ of the machine. This lever
carries a roller 1863 which engages notches in
2 ratchet member {564, keved to shaft i1B4f, tc
retain the knob 1492 and the planetary gears (542
and {543 in the desired set position, spring (565
pulling the roller {583 into engagement with the
ratchet member [584.

Unless the tabulator is set to the “one” posi-
tion, so that the member 1550 stands in that
position shown in Figure 71, the carriage is auto-
matically returned to the position dictated by the
setting of the tabulating mechanism at the end
of any multiplaction or division operations.
When at the end of any multiplication or di-
vision operaiion, the carriage is shifted to its
end position, nose {578 on the right hend engd
plate of the machine engages nose 1570 on lever
{572 to rock that lever in a counter-clockwise
direction about its supporting shaft against the
tension of spring 1578. The lever 1572 inciudeg
an extension {574 carrying a pin {575 riding in
a slot 1576 in dog 1383. The counter-clockwise
rotation of lever (672 removes the dog from
against projection {384 on link 1374 angd brings
shoulder {577 intc engagement with shslf {578
on lever {579 keyed to shaft 1588. Upon sub-
sequent lifting of the carriage and movemens(
of extension (388 to the left in Figure 68, doz
1383 is rocked to the left so that shaft 1580 ig
rocked in a clockwise direction. This resulis in
rlockwise rotational movement of lever (58] also
pinned to shaft {580 and a movement to the lefi
in Figure 68 of link (882 against the pull of
spring (883. Link 1582 is connected by a pin
and slot connection 1884 to lever 1585 also pinned
to shaft 1478, as appears in Figure 76, so that
the shaft is rocked and the same action insti-
tuted as if the tabulating key had been de-
pressed. This results in the carriage being moved
to that position determined by the tabulaiing
setting mechanism.

I claim:

1. An accumulator comprising registering
wheels connected by planetary gearing including
rockable spring-pressed gear carriers, cams car-

to that position shown in Figure 69 and releases
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ried by said registering wheels, free arms co-
operating with said cams to limit movement of
sald gear carriers in one direction, positively
acting means for rocking said gear carriers in the
opposite direction to suspend cooperative rela-
tionship between said carriers and sald arms, and
division controlling mechanism for thereafter
maintaining said arms in cooperative relationship
with said cams.

2. In a calculating machine having selecting
and actuating mechanisms, a laterally shiftable
carriage carrying registering mechanism, and
carriage shifting mechanism; the combination
of means for mechanically comparing an amount
set up by said selecting mechanism with an
amount represented on said registering mecha-
nism, means controlled by said comparing means
for initiating sequential operations including pos-

- itive operation of said actuating mechanism,
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operation of said carriage shifting mechanism,

and negative operation of said actuating me-
chanism, and means controlled by said comparing
means for selectively eliminating positive opera-
tion of said actuating mechanism from said
sequence of operations.

3. In a calculating machine selecting mecha-
nism comprising a plurality of orders of settable
devices, division controlling mechanism compris-
ing members settable under control of seid de-
vices associated with each of said orders, and
means controlled by said devices for disabling
such of said members as are asscciated with all
orders of lower value than that in which the first
significant digit is set.

4. In a calculating machine, selecting mecha-
nism comprising a plurality of orders of settable
devices, division controlling mechanism compris-
ing members associated with each of said orders,
and means jointly controlled by the associated
order devices and by the adjacent lower order
devices for positioning said members.

5. In a calculating machine, selecting mecha-
nism comprising a plurality of orders of settable
devices, division controlling mechanism compris-
ing members associated with each of said orders,

-means jointly controlled by the associated order

devices and by the adjacent lower order devices
for positioning said members, and means con-
trolled by said devices for disabling such of said
members as are associated with all orders of
lower value than that in which the first signifi-
cant digit is set.

6. In a calculating machine, registering mech-
anism, actuating devices therefor, automatic con-
trolling mechanism comprising a spring-pressed
rockable member, a series of elements arranged
with respect thereto to successively restrain said
member from operative movement, and means
effective upon operative movement of said@ mem-
ber for interrupting operation of said registering
mechanism by said actuating devices,

7. In a calculating machine, registering mech-
anism, actuating devices therefor, automatic con-
trolling mechanism comprising a spring-pressed
rockable member, a plurality of restraining means
therefor, means for arranging said restraining
means in echelon with respect to said member,
and means effective upon release of said member
from all of said restraining means for interrupt-
ing operation of said registering mechanism by
said actuating devices.

8. In a calculating machine, registering meeh-
anism, actuating devices therefor, automatic con-
trolling mechanism comprising & spring-pressed
rockable member having echeloned ahbutments
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thereon, a plurality of restraining means cooper-
ating with sald abutments to prevent operative
movement of said member, and means effective
upon operative movement of said member for
interrupting operation of said registering mech-
anism by said actuating devices.

9. In a calculating machine, s frame, selecting
and actuating mechanisms mounted in sald
frame, registering mechanism movable to a posi-
tion in engagement with and to a position out of
engagement with said actuating mechanism, and
means mounted in said frame and controllable
jointly by said registering mechanism and by said
selecting mechanism while the registering mech-
anism is in either of the aforesaid positions for
forming a mechanical representation of the sign
character of the difference between the values
registered by said selecting mechanism and said
registering mechanism.

10. In a calculating machine, a registering ele-
ment, a member proportionately movable by said
element to form a mechanical representation of
the value registered thereby, and means effective
upon movement of said member to a certain posi-
tion, for increasing the amount of movement
thereof during movement of the registering ele-
ment between its corresponding position and its
next position. )

11. In a cylically operable calculating machine
having numeral wheels, actuating mechanism
therefor, selecting mechanism, and means for
automatically dividing an amount registered
upon said wheels by an amount set up by said
selecting mechanism upon operation of said
actuating mechanism; the combination of means
continuously effective throughout a plurality of
cycles of operation of said machine for comparing
an amount set up by said selecting mechanism
with an amount registered upon a plurality of
said numeral wheels including means for form-
ing a mechanical representation of the sign char-
acter of the difference between said amounts, and
means controlled by said comparing means for
controlling operation of said actuating mecha-
nism, .

12. In a calculating machine, the combination
with registering mechanism comprising a series
of rotatable registering wheels arranged in de-
nominational orders and a series of differentizl
gearing assemblies continuously operable to
transmit to each of a plurality of said wheels,
rotational movement proportional to the sum
of separate rotational movements entered into
each of said assemblies respectively; selectively
settable, cyclically operable, rotary actuating
mechanism arranged in denominational orders
and operable to enter selected amounts into said
differential gearing assemblies respectively, com-
prising means for simultaneously driviag each
of a plurality of said assemblies continuously
throughout one or more cycles of operation of
sald actuating mechanism at individually selected
speeds; and tens-carrying mechanism operable
to enter carried amounts into said differential
gearing assemblies comprising means respect-
tively operable by each of a plurality of said reg-
istering wheels for driving one of said assemblies

" continuously throughout one or more cycles of

operation of said actuating mechanism at g
speed proportional to the speed of operation of
the registering wheel operating the same: of
means for aufomatically dividing an amount
registered upon said registering wheels by an
amount to which said actuating mechanism is
set upon operation of said actuating mecha-
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nism, comprising means continuously effective
throughout a plurality of cycles of operation of
said actuating mechanism for comparing an
amount to which sald actuating mechanism is
set with an amount registered upon a plurality
of sald registering wheels including means for

forming a mechanical representation of the sign
character of the difference between sald amounts,
and means controlled by said comparing means
for controlling operation of said actuating
mechanism.

HAROLD T. AVERY._
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