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CALCULATING MACHINE

walter E. Mathi, Oakland, Calif., assignor 6 Mar-
chant Calculating Machine Company, a corpo-

ration of California

Application August 25, 1941, Serial No. 408 188)
(CL. 235—82)

8 Claims.

This invention relates to calculating machines
and has particular reference to a control mecha-
nism for causing a calculating machine to operate
through & predetermined number of cycles, as for
instance in performance of multiplication prob-
ems

It is an object of the present invention to pro-
vide an improved and simplified fype of multi-
plication control mechanism for calculating ma-
chines, )

A more specific object is to provide a multipli-
cation control mechanism of this character
which is adapted for high speed operation.

A further specific object. of the invention is to
correlate certain control'devices employed in both
automatic multiplication and automatic division
operations so as to reduce the number. of parts
and generally to simplify the machine.

The invention is illustrated as being embodied
in a high speed type of calculating machine such
as Is disclosed in the Avery Patent Number
2,216,659, issued October 1, 1940, incorporating
improvements disclosed and clalmed in the
Boyden et al. Patent Number 2,333,234, issued
. November 2, 1943, to which patents reference

may be had for a disclosure of a complete cal-
_culating machine including mechanism not speci-
fically described herein.

It is to be understood that, although the inven- :

tion is disclosed as being applied to & machine of
the general type shown in the above mentioned
patents, the invention is also applicable to other
types of calculating machines, and furthermore,
although particularly directed to the contro} of

multiplication operations, certain features of the

. invention may also be applied to other mecha-
nisms. :

The invention possesses a& plura.iity of advan-
tageous features, some of which will be set forth
in full in the following description, and while the
preferred construction thereof is shown in the ac-
companying drawings, it is to be understood that
the invention is capable of embodiment in modi-
fled forms within the scope of the appended
claims, .

In the accompanying drawings

Figure 1 1s & sectional view in side elevation of
the keyboard, the gelection mechanism controlled
thereby, and a portion of the actuator mechanism.

Figure 2 is a sectional view through one of the
selection plate assemblies.

Figure 3 is a longitudinal sectional view through
the main clutch and is taken along the line 3—3
of Figure 5.
~ Figure 4 Is & transverse view, pe.rtly in section.
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of the main clutch and is taken substantially
along the line 4—4 of Figure 3. ]

Figure 5 is & transverse sectional view taken
along the line §—5 of Figure 3.

PFigure 6 is g sectional view of the centralizer for
the actuator unit. ‘

Figure 7 is a transverse view, partly in section,
of the program clutch.

Figure 8 is a longitudinal sectional view of the
program clutch and is taken substantially along
the line 8—8 of Figure7.

Figure 9 is a detail view of the program clutch

" control dog.
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Figure 10 is a side elevational view of part of
the mechanism for controlling operation of the
main clutch.

Figure 11 is a sectional view of the detent for .
holding the reverse clutch control lever in either

" of its two adjusted positions.
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Figure 12 is a side elevational view, partly in
section, of the. reverse unit and its controiling

- mechanism.
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Figure 13 is a sectional view taken through the
reverse unit mechanism.

Figure 14 is a side view taken in the direction of
the arrow 14 of Figure 13.

Figure 15 is & perspective view of the reverse
dog.

Figure 16 is a schematic view showing various,
units of the machine insofar as their relationship
to the driving means therefor is concerned, .

Figure 17 is a sectional view in eleva.tion of the
multiplier selection unit.

Pigure 18 is a sectional elevational view with '
parts broken away of part of the multiplier con-
trol unit. .
" Pigure 19isa detail view of one of the multiplier
keys. )

Figure 20 is a side-elevational view showing
part of the multiplier trip mechanism for’ arrest- -

. ing operation of the main clutch.
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Figure 21 is a vertical sectional view. illustrat-
ing the short-cut key and the stop key for releas-
ing the same. :

Pigure 22 is a vertical sectional view illustrat-
ing part of the division control mechanism insofar
as its connection with the main cluteh tripping
mechanism is concerned.

Pigure 23 is a vertical sectional view illustrating
controls for initiating operation of the program
clutch. - T

Selection mechanism t

The machine in connection with which the

88 present invention is illustrated s of the key-set
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type in which means are provided for first setting
one factor of the calculation upon a keyboard
and subsequently operating the machine by ma-
nipulation of a separate control bar or key in a
manner indicated by the sign character and the
amount of another factor of the calculation.

The mechanism for setting up the first factor
may be considered as comprising a manually
operated portion and a power cperated portion,
the manually operated portion being designed to
be moved to a selected controlling position by
the depression of value keys on the Keyboard, and
the power operated portion being designed to be
broright inito operation immediately before opera-
tion of the caleulating mechanism and to ach

al in the ahove Avery Paien
key 100 is slidable vertically in a channel frame
101, Compression springs {02 arve provided to
normally maintain all of the keys 108 in a raised
position.

All of the key stems 103 of the value keys are
of the same length and each has 2 cam extrusion
{16 which, upon depression of the associated key,
pushes to the right, ag viewed in Pigure 1, a slotted
key locking slide 117 slidably supported on the
underside of the channel 10{, thereby releasing

any other latched down key in the sanie section. 95

Upon full depression of any value key, the slide
1171 is returned to its initial location under spring
‘pressure, and by overlapping the upper end of
the extrusion 116 latches the depressed key.
Disposed beneath the value keys 100 in each
bank is a differentially settable bar {20 which is
pivotally suspended from the associated channel
frame 101 by means of two parallel links 128 and
129, This bar 120 has nine identical divergent
notches 130 therein, each of which terminates
in a rectangular slot 131 proportioned to receive
the end of the associated key stem 103 so that
the bar 120 will be accurately positioned. The
key stems 103 are spaced equal distances apart
and these distances are slightly greater than the
spacings between successive slots (31 so that each
succeeding slot 131 will be spaced one increment
further away from the cooperating key stem.
Thus, depression of a value key will cam the bar
120 to the right a number of increments equal
to the value represented by the depressed key.
Such movement of each of the bars 120 is uti-
lized to set up a mechanical representation of the
selected value to control the actuating mecha-
nism accordingly, and for this purpose a segment
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member (32 is connected by means of a pin and -

slot connection {63 to each bar 120 and is piv-
otally mounted on & common shaft 131 extending
across the machine and supporting like members
-associated with other key banks. Each of the
segment members 132 is provided at opposite ends
thereof with arcuate racks 138 and 139 which
serve to transmit the movement of the differen-
tial bars 120, respectively, to a pinion 145 of a
check dial assembly 140 rotatably mounted on
a shaft i41, and through a gear (51 to a cam unit
146 which is positioned by such movement to form
a mechanical representation of the value set up
on the respective key bank.

Eachi can: unit {46 comprises a gear 15! and
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flve cams connected thereto, one of which is
shown at 152. Each one of the cams has two
high points 160 and two low points {61 on its
periphery. The cams are so staggered that no
high or low point on one cam is aligned with a
high or low point on another cam.

As is described in detail in the gbove mentioned
Avery patent, the various cams on the cam unit
{46 arc o arranged thab upon depression of a
value key {00, the gear 15§ of the same order will
be driven by the arcuate rack 133 to rotate the
i unit {48 to a position wherein one of ihe

: will be posi-
path of & nose 24 of one of 2 set
;210 o side of the cem unit

] vy cams identical to
¢ (Fgure 1), and each pair hes
eom follower 224 pivoted on g cross
rrovidad witih a 1o 222 in engage-
12 cam 182 and o second roller 2213
in engagement with the cam 153, As the shaft
151 rotates in a counter-clockwise direction, the
cam followers 224 are rocked in a clockwise direc-
tion and, through links 226, impart g counter-
} e rocking movement o & series of levers

214 pivo

A shalt 263, supported by the levers 24, has
pivotally mounted thereon the groups of feeler
arms 240 hereinbefore deseribed, one of these
groups being located adjacent each of the cam
units 148. During the leftward movement of the
levers 214 and consequently of the shaft 2i3, the
feeler arms 210 are moved by the shaft 213 until
each of the noses 211 thereon engages the pe-
riphery of the respective cam in the cam unit
146, thereby causing each feeler arm 210 to pivot
about the point of contact between its respective
nose and the periphery of its associated cam. The
balance of the forward movement of the shaft
213 by the cam followers 224 effects forward
movement of the lower ends of the feeler arms
210, and this movement Is transmitted through
links 216 to feeler arms 211 aligned with the asso-
ciated feeler arms 2108, 'The arms 217 are then
rocked in g clockwise direction about a fixed
shaft 218 until their noses 219 engage the pe-
ripherles of the respective cams at s point sub-
stantially diametrically opposite that engaged by
the noses 211 of the associated feeler arms 210.

As was mentioned hereinbefore, each of the
cam units (46 is so arranged that only one of the
associated pairs of feeler arms 210 and 2i71 of
any group will have their respective noses in en-
gagement with the high or low points of a cam at
any one value setting of the respective key sec-
tion. Thus, one of the feeler arms 218 will be
rocked a considerable angle about its supporting
shaft 213 to one side or the other of a media] po-
sition indicated in Figure 1, depending upon
whether its nose 211 is in engagement with a
high point {60 or low point 61 of its respective
cam. All of the other feeler arms will, since their
noses are held in engagement with the concentric
peripheral portions of their cams, be held in
medial positions. .
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Each of the feeler arms 210 is connected
through a pin and slot connection 208 with one
of a series of five plates 112 pivotally suspended
from a sleeve 169 (Figures 1 and 2) which is ro-
tatable on g stationary rod 110, there being one
such series of plates for each order of the ma-
chine, Pivotally mounted on each plate 1712 is
a set of entrained gears {713 and 114, the latter
meshing with a laminated gear 189 keyed to the
sleeve 169.

Actuating mechanism

From the above it will be seen that, depending
on the selection made, four of each group of five
of the selection plates 172 will be held in medial
positions similar to that indicated in Figure 1,
while the fifth will be moved forward or rear-
ward until the lowermost gear (73 thereon meshes
with an aligned gear indicated at (75 on an actu-
ator shaft 166, or with an aligned gear indicated
at 176 on an actuator shaft 167 (see also Figure
16). . :
Gear 175 is one of a group 117 of four gears
keyed on the shaft 166 and adapted to mesh with
the lowermost gears |13 on the four leftmost se-
lection plates {712 in each order. Likewise, gear
116 forms one of a group 118 of five gears mount~
ed on the shaft {61 and adapted to enmesh with
the gears 173 on the five selection plates of the
associated series of plates. 'The three leftmost
gears of this latter group are keyed to the shaft
161 while the two rightmost gears 188 and 199
are free on the shaft 167 and mesh with gears
i95 and 200, respectively, keyed on a third actu-
ator shaft 168.

The shafts 166, 167 and 168 are connected to
a cyclically operable main clutch 158 (Figures
3, 4, 5, and 16) in a manner to be described pres-
ently, so that the shaft 166 rotates through a
180° for each cycle (one-half revolution) of op-
eration of the clutch 154, and the shaft 187 ro-
tates through 90° for each cycle, while shaft 168
moves through 30° for each cycle of the main
clutch. The diaméters of the various gears in
the two gear groups 117 and (718, are so arranged
that for each main clutch cycle, the gear 189
(Figures 1 and 2) will be rotated through one of
the gears of the groups 117 and 118, a number
of increments corresponding to the value of the
associated key 100 which is depressed. If no
key has been depressed, the selection plates 172
will be so arranged that none of the gears in
either of the groups (711 'and (18 will become
operative to drive the selection plate gears 113.

Means are provided for locking the selection
plates 112 in any of their three operative posi-
tions throughout a machine operation and com-
prises.a lock bail 236 pivotally supported on a
rod 237 and moved into engagement with one
of three notches 221, formed on each of the se-
lection plates 112, after a selection has been
made. This is accomplished by mechanism de-
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scribed in detail in the above mentioned Boyden

et al. Patent Number 2,333,234, issued Novem-
ber 2, 1943. .

As disclosed in detail in the aforementioned
Avery Patent 2,216,659 the accumulator is car-
ried by a carriage 250 transversely shiftable rel-
ative to the machine proper, and comprises a
pair of entrained gears 27f and 273 in each ac-
cumulator order, the latter gear being connect-
ed through suitable planetary mechanism with
an associated accumulator dial indicated by the
dotted lines 219 which is visible through the cover
of the machine. At the start of a calculation,
the gears 211 and 273 are dipped under control
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of the program clutch 150 to cause the gears
211 to mesh with the aligned laminated 'gears

189 and thereby transmit entry of a selected value
from the gears 189 into the accumulator.

General calculatlions drive

Power for effecting operation of the various
mechanisms of the machine, including the pro-
gram clutch 150 and main clutch 154, is derived
from a motor 640 (Figure 16), the armature -
shaft of which is connected to a pinion 64§ en-
trained with a gear train including gears 64§,
647, 362, 680, and 415, the latter gear being
mounted on the driven side of the main clutch
{54. 'When the main clutch is engaged, power
is transmitted thereby through a reverse unit,
generally indicated at 261 (to be described in de-
tail hereafter) to the above mentioned actuator
shafts 166 and {67 through a gear train includ-
ing gears 458, 484, 485, 486, and 481.  The shaft
168 is driven by the shaft 167 through gears 488
and 489.

The program clutch i59 has a gear 649 mount-
ed on the driven side thereof which meshes with
& gear 648 coupled to the motor driven gear 362,

Main cluich

The main clutch 154 (Figures 3, 4, and 5) for

_driving the various actuating shafts 166, 161,

and 168 (Figures 1 and 16) is of the cyclically
operable ratchet type in which one cycle oper-
ation is completed in one-half revolution. .
The main clutch has incorporated therewith
a centralizer cam 227 (Figures 3 and 6) having
a hub 228 rotatable on a fixed shaft 155. A
follower 229, pivoted at 230, is pressed against
the periphery of the centralizer cam 221 by a
spring 231 tensioned between the follower and a

-frame stud 232, The hub 228 is coupled with a

reverse unit drive sleeve 233 (Figures 3 and 13)
50 as to drive the reverse unit when the clutch is
engaged. )

Secured to the cam 227 by rivets 234 is a
pawl supporting plate 235 having secured thereon
a bearing stud 236 forming & bearing for a pawl
231. The pawl is provided with a tooth 238
adapted to engage the teeth of a ratchet 239
journaled on the hub 228 and retained thereon
by a ring 240. The hereinbefore mentioned mo-
tor driven geéar 415 is rigidly splined on the
ratchet to drive the same in a clockwise direc-
tion as indicated by the arrow b in Figure 4.

The pawl 237 is urged clockwise toward en-
gagement with the ratchet 239 by a torsion spring
241 extending between the tail of the pawl and
a stud 242 fixed on the plate 235. However,
when the clutch is disengaged the pawl 237 is
held from engagement with the ratchet by means
of an ear 243 on & floating pawl release disc 244
rotatable on the hub 228 and extending between
the spaced but integrally connected cam 227 and
disc 238. Ear 243 extends through an enlarged
opening 245 in the plate 235. - ‘

The disc 244 is provided with two diametrically
opposed ‘hotches 246 either of which is adapted to
be engaged by an ear 249 of a clutch control dog
241 (Figures 5 and 10) pivoted on a fixed stud
248 and urged counter-clockwise by a spring 253
tensioned between the dog and a frame stud (not
shown), .

When the dog 247 is rocked clockwise against
the action of spring 253 in a manner to be de-
scribed hereafter, the disc 244 will be freed of
restraint of ear 249 and will allow the torsion
spring 241. to cause the pawl 237 to rotate the
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disc 244 clockwise a slight amount relative to the

hub 228, enabling the tooth 238 to engage the’

rotating ratchet 239 and effect a drive from the
gear 415 to the centralizer hub 228,

When the clutch control dog 247 is allowed to
be pulled counter-clockwise by the spring 263
during operation of the main clutch, the ear 249
rides on the outer periphery of the disc 244, and
as the shoulder on the next notch of the disc
244 strikes the ear, the disc is arrested. How-
ever, the actuating mechanism, due both to mo-
mentum and to the action of the centralizer cam
follower 229 drives the centralizer cam and hub
228 forward a small amount to the position illus~
trated in Figure 6. During this slight advance-
meni of Lhe pawl 237 against the now stationary

243 the wiis forced to rock counter-clock-
wise abeoui its bearing stud 28¢ to disengapge the
vawl tuuth 238 from the ratchet 239, There~
; ] ; izer cam 227 and follower 228

; the tersion spring 241 from
b 58 and pawl sup-
3¢ eno ugu {0 resngage the pawl

Main cluick control

Means are provided under control of the pro-
gram clutch for causing engagement of the meain
clutch upon depression of o caleulation control
key, and after the various actuating gears 117 and
1718 (Figure 16) have been enmeshed with the
transmission gears on the selection plates 112
(Figures 1 and 2).

As shown in Figure 10, a lever 146 vaoted on
a shaft 501 has & roller 745 mounted thereon
which is held against a cam 607 on the shaft
151 by a spring 605 tensioned between the lever
146 and a frame stud 606. The lever 146 car-
ries & member 603 pivoted thereon at 694 and
normally maintained in its illustrated position,
with an ear 614 thereon held against the under
surface of the lever 146, by a spring 613 tensioned
between the ear 614 and an ear on the lever 146,

During rotation of the shaft (51 the cam 607
rocks the lever 146 counter-clockwise causing a
nose 615 on the member 603 to engage in a notch
616 formed in the clutch control dog 241 and
thus rocks the dog away from the main clutch
154 to cause engagement of the same. This oc-
curs toward the end of the setting phase of the
program clutch cycle which is one-half revolu-
tion of the shaft 151. As the shaft (51 moves
further near the end of this phase of the clutch
cycle, the lever 146 is allowed to drop to a low
pomt on the cam 607 permitting the dog 2471 to
stop the clutch 154 when it is otherwise allowed
to do so as will appear hereinafter.

In view of the fact that the clutch control dog
247 is not freed from the lever 146 until after the
main clutch has commenced operation, at least
a single main clutch cycle will always ensue upon
operation of the program clutch except under
certain conditions in division calculations which
need not be considered herein. Means are pro-

- vided, however, whereby the main clutch may be
maintained engaged throughout a multicycle op-
eration, as is necessary during a multiplication
performance involving a multiplier factor digit
of a value greater than one.

A latch 832 fixed on a rockable shaft 626 has
a latching roller 6§34 mounted on the upper end
thereof which is adapted, under certain con-
ditions described hereinafter in connection with
the multiplier control mechanism, to be moved
under an ear 817 of the main clutch control dog
247 to hold the dog rocked in a clockwise direc-
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tion out of contact with the main clutch for any
desired number of main clutch cycles, A spring
633 tensioned between the latch 632 and a portion
of the machine frame urges the latch 832 clock-
wise toward latching engagement with the dog
241,

Program cluich

The machine in which the present invention
is embodied emplcys a program ciuich and mech-

‘anism driven thereby fo perform various opere-

tions incident to the eommencement of 8 ealeu-
lation under power of the motor, this mechanism
being of the general type described in <etail in
the “mesald Boyden et a‘l pa.t:m

: Y LISAM“
gear & The 3<4,t~,hei
ged by o pair of testh ¥
roled on a bearing stud 25¢ ‘

ing disc 288 which is Hzed over the sl
255 and keyed to the shafl 151, A torsion spring
262 extends between a stud 2%! fixed on the disc
280 and the tail of the pawl 258, and tends to
move the teeth 257 into vowling engagement with
the ratchet to transinii drive from the gear 549
to the shaft 154.

In engagement with thz head 266 of pawl 258
is' a pawl release lever 267 pivoted on & stud 268
also mounted on the disc 280. It will ke noted
that the bearing stud 268 is diametrically op-
posite the stud 259 and that the head 268 of the
lever 267 is diametrically opposite the heas 266
of pawl 258.

The pawl 258 is held from engagement with
the ratchet 286, or is allowed to engage the same,
by means of a pregram clutch conirol dog 264
(Figures 7, 9, and 23), pivoted on the shaft 501
and urged clockwise toward engagement with the
pawl supporting disc 260 by a spring 265 tensioned
between the dog and the machine framework,
The disc 260 has two diametrically opposed
notches therein, each forming a shoulder 210
adapted to strike the nose of the dog 264 to ar-
rest rotation of the disc and shaft 151.

When the program clutch control dog 264 is
rocked counter-clockwise in a manner to be de-
scribed hereinafter under the section “Automatic
multiplier unit” to institute a machine operation,
and is moved sufficiently to clear either head 286
of the pawl 258 or head 269 of the release lever
267, respectively, with which it is in contact, the
spring 262 will rock the pawl 258 into engagement
with the ratchet to initiate power operation of
the shaft 151. Such rocking movement of pawl
258 will carry the front edge 266’ of the pawl 258
a small amount to the right (as viewed in Figure
T7) of the corresponding shoulder 270 on the disc
260. This movement will also be transmitted to
the release lever 267 extending its front edge 268’
to the left of its associated shoulder 270,

Now, when the clutch dog 264 is allowed to drop
onto the periphery of the disc 260 under the pull
of its spring 265, it will follow the contour of the
disc and thus block one or the other of the heads
266 and 268, depending upon which head first
moves into engagement therewith, and will con-
sequently rock the pawl 258 out of engagement
with the ratchet 256 either directly or through the
intermediary of the release lever 267. As the
momentum of the shaft 151 carries 1z further, the
corresponding shoulder 270 of the disc 260 strikes
the nose of the clutch dog 264, arresting rotation
of the shaft. A suitable centralizing cam (not
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shown) such as is disclosed in Figure-42 of the
above mentioned Avery Patent 2,216,659 is pro-
vided to prevent any tendency of the shaft 54
to rebound.

Actuator reverse unit

A reverse unit 251 (Figures 12, 13, and 16) is
provided in the drive tfrain between the main
clutch and the actuating shafts 166, 167, and 168
to reverse the direction of actuation and thereby
to make possible either positive or negative mul-
tiplication, as well as addition, subtraction and
division operations. )

The unit 26¢ comprises a drive sleeve 233 ro-
tatable on the fixed shaft 155 and keyed to the
hereinbefore mentioned driven hub 228 (Figures
3 and 13) of the main clutch. Journaled on the
sleeve 233 on either side of a central flange 280
thereon are a pair of independently rotatable
gears 281 and 282, the former having rigidly se-
cured thereon the hereinbefore mentioned gear
438 included in the drive train of the actuator
shafts (66, 167, and (68. The gear 28l is re-
tained in proper position on the sleeve 233 by a
washer 283 situated between the gear and g frame
plate 524, while the gear 282 is retained in proper
position by a sleeve 284 fixed to a plate 285 (Fig~
ures 13 and 14) which, in turn, is fixed by screws
286 and 287 to a second frame plate 1886,

Gears 28f and 282 have slots 289 arid 280, re-
spectively, therein adapted to be aligned with
each other and with g slot 291 in the central
flange 280 of the sleeve 233 when the mair clutch
is in full cycle position as illustrated. Slidably
positioned in the slot 291 is a coupling nrember
or dog 292 (Figures 13 and 15) adapted to be
engaged in either the notch 290 of gear 282 or
in the notch 289 of gear 28! for the purpose of
coupling the drive sleeve 233 with either gear.
The member 292 has a short shank 293 fitted in
an annular groove 294 of an annular ccllar 295
journaled on the periphery of the hub portions of
gears 28! and 282, as well as on the periphery
of the flange 280. The collar 295 has inclined
sides, as illustrated in Figure 13, adapted to be
engaged by a pair of spaced arms 296 and 297,
respectively, of g reverse control member 298 piv-
oted on a shaft 386 (Figure 12).

The control member 298 is adapted to be yield-
ably held in either of two rocked positions by a
detent device (Figures 11 and 12) comprising an
arm 298 fixed to the member 288 and provided
with an arcuate slot 300 merging into two spaced
counter-sunk portions 301 gi either end of the
slot 300, into one or the other of which is adapted
to be pressed. a conical faced plunger 302 slid-
able along a stud 303 fixed to the frame plate 18886.
A compression spring 304 forces the plunger 302
against the arm 299 and into either of the coun-
ter-sunk portions 301 depending on the rocked
position of the member 288.

. When the control member 298 is rocked into the

position illustrated in Figure 12 termed the “posi-
tive” position, the arm 296 engages the adjacent
inclined side of the collar 298 and shifts the col-
lar to the right, as viewed in Pigure 13, coupling
the sleeve 238 to the gear 282 whereupon rotation
will be transmitted through sleeve 233 and gear
282 to a pinion 480 and thence to a double idler
arrangement comprising spaced gears #8{ and 492
rigidly coupled to the opposite ends of a sleeve
483. The gear 492 meshes with the gear 281 and
thereby transmits rotation through-gear 281 to
the gear 458 (see also Figure 16) in such g direc-
tion as to cause a positive actuation.

‘When the control member 298 is rocked to a
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position clockwise of that illustrated in Figure 12,
the arm 297 thereof cams the collar 298 to the
left, as viewed in Figure 13, causing the member
292 to couple the sleeve 233 directly to the gear
281 and thus cause a negative actuation. o
Means are provided to facilitate proper timing
of the gears 281 and 282 so that the slots 289, 290, -
and 291 will be properly aligned with each other
in full cycle position of the machine. To accom-
plish this the sleeve 493 for the gears 49! and
492 is journaled on & bolt 306 and extends be-
tween a pair of washers 307 and 308, the latter
extending between the heretofore mentioned
plate 286 and the right hand end of the sleeve
493. When, as in assembling the various parts,
it is desired to correctly time the various gears of
the reverse unit, the screws 286 and 287 (Figure
14) are removed and the plate 288 is swung up-

wardly, ailowing the washer 308 and sleeve 493

to be shifted rightwardly until the gear 492 is
disengaged from the gear 28{ at which time the
proper timing may be effected and the parts then
returned and secured in their proper positions.

Control of reverse unit

Means are provided under the contrel of cer-
tain of the machine control keys, such as the
“Short-cut” key 1120 (Figure 21) to condition ‘bhe
reverse unit 251 for reverse operation.

A pendular lever 543 (Figures 12 and 21) is 7
fixed to a rockable shaft 546 and is pivotally
connected at the lower end thereof to a link

547 to which is also pivoted a link member 548

having a bifurcated end embracing a sleeve on
the shaft 501. A spring 560, tensioned between
one leg of link 548 and a frame stud 561, nor-

. mally holds the link 547 in an extreme rightward

or “positive” position illustrated in Figure 12,
wherein the upper surface of an upturned end 549
of the link 547 underlies 2 lug 555 on the reverse
unit control member 298.

When the lever 548 is rocked clockwise by
certain of the machine controls, as set forth
above, the link 547 is moved to the left against

5 the action of spring 560 to move the upturned

end 549 from under the lug 558 to a new posi-
tion under g second lug 554 on the control mem-
ber 298.

The link 547 is rocked upwardly to set the re-
verse unit control member 298 in either of its
two positions by complementary cams 307 and
308 on the shaft 15(. Cams 307 and 308 are en-
gaged by rollers 309 and 310, respectively, on a
cam follower plate §52 pivoted on the shaft 225,
the plate having a lug 553 thereon underlying
the link 547. ‘'Therefore, during the first half ro-
tation or setting phase of the program clutch and
its shaft, the link 547 will be rocked upwardly
to engage its upturned end 549 with either of
the lugs 554 and 855, depending on the pre-set
position of the link 547, to rock the control mem-
ber 298 to a new position if it is not already in
that position.

Automatic _muliipiier unit

In accordance with the present invention a mul-
tiplier control unit is provided which, under con-
trol of a bank of multiplier keys, effects a multi-
cyclic operation of the machine to multiply a
multiplicand set up on the keyboard of the ma-
chine by a multiplier factor set by depressing the
The arrangement is such that
simultaneous value selection and actuation of the
machine is effected upon depression of the first
multiplier key during a multiplication operation.
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However, in case the operator is capable of work-
ing faster than the machine by depressing g sec-
ond multiplier key before the machine has fin-
ished operation under control of the previously
depressed key, the multiplier unit will retain a
second multiplier factor entered by the second
depressed key and will automatically effect ma-
chine operation in accordance with this second
value as soon as operation thereof in accordance
with the first multiplier value has been completed.
Mechanism (not shown) may also be provided to
denominationally shift the carriage one step at
the end of each multiplication and for a disclo-
sure of such mechanism reference may be had to
the above noted Avery Patent 2,2186,659.

Referring in particular to Figures 17 and 18,
the multiplier keys 2001, ranging progressively
from “0” to “9,” have their key stems 2101 slid-
ably mounted in a channel frame 2002 and are
normally held in their illustrated raised positions
by individual springs 2003 extending between the
lower flange of the channe] frame 2002 and shoul-
ders 2102 (Figure 19) formed on the key stems
2101. Although ten multiplier keys are employed
in the multiplier key section, the zero key has
no control over the multiplier unit as far as the
present invention is concerned, but merely causes
a one-step denominational shift of the carriage
in a correct direction. Since such mechaniem
controlled by the zero key has no bearing on the
present invention and since the above Avery Pat-
ent 2,216,659 discloses the same, it is not illus-
trated herein. :

Also, the number “1” key normally effecis op-
eration of the program clutch which, as described
hereinbefore, initiates a single cycle of operation
of the actuating mechanism, which is the equiv-
alent of multinlying by the value “1.” 'The other
multiplier keys from “2” to “9,” besides normsally
initiating operation of the program cliuich to in-
cidentally initlatz operation of the n chubeh,
control a selection merhanism which debsrmines
the correspondin mber of cycles of operation
‘ and consequently of the actuy-

Arranged un
selection bar 3(7
slots 313 and 3i4
316 and 316.
on the upper
adapted to eng
stem 2104 and
the bar 3i2.

The front or perpendicular faces of the lugs
317 are spaced an equal distance apart. This
spacing, however, is slightly greater than the
distance between successive ones of the equally
spaced multiplier key stems so that each lug wiil
be spaced one increment further away from its
cooperating key stem. Therefore, when a multi-
plier key other than “0” and “1” is depressed and
the bar 312 is moved to the left, as viewed in Mg-
ure 17, in a manner to be described presently, the
bar will be allowed to move a number of incre-
ments equal to the value of the depressed key.
No stop lug is provided for the number “9” key,
movement of the bar $i2 upon depression of that
key being limited by the rightmost edge of the
slot 313 upon striking its guide stud 315, Move-
ment of the bar 812 is prevented upon depression
of the number “1” key in view of the fact that the
leftmost edge 318 of the bar is directly in line with
the number “1” key stem when the bar is in its
retracted position. The leftmost edge 318 merges

2 an associated depressed key

ehy imit forward movement of -
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with an inclined surface 318a provided to enable
the number “1” key stem to cam the bar 312 back
to its illustrated position in the event it is not
already there when the number “1” key is de-
pressed.

Included in the multiplier selection mechanism
is a sector gear 320, pivoted on a shaft 321, and
having a pin 322 thereon extending in front of a
hook 323 formed on the end of the selection bar
312. The sector gear 320 meshes with a selection
gear 324 journaled on a frame stud 325.

The sector gear 320 is normally held in its illus-
trated position against a stop 327 (Figure 20) by
a spring 328 tensioned between the pin 322 and
the machine frame, while the bar 312 is normally
held in its rightmost illustrated position, with a
lug 329 thereon engaging a shaft 330, by a spring
331 tensioned between a pin 332 on the bar 312
and the leftmost end of a latch 333 pivoted on the
frame stud 3195, the purpose of which will be de-
scribed hereinafter.

A pawl 326 is provided to hold the selection gear
324 in any set position, except during operation of
the program. clutch and during certain cyclic peri-
ods in multiplication. The pawl 326 is pivoted on
a shaft 334, on which is also pivoted a lever 335
(Figure 20) having a roller 336 thereon engaging
a cam disc 33T keyed to the main clutch hub
228 (see also Figure 3). The lever 335 is urged
clockwise to hold the roller 336 on the disc 337 by
a spring 338 extending between a frame stud and
the lever. When the main cluich is in full cycle
position, the high concentric portion of disc 337
is disposed under the rolier 336 and, when in this
position, a heavy compression spring 349 extend-
ing between the lever 335 and ithe tail of pawl
325 hiolds the pawl in engagement with the teeth
of the gear 324. A pin 339 on the lever 334 over-
lies the tail of pawl 326 to limit the counter-
clockwise movement of pawl 326 relative to the
lever 335 due to the action of the spring 3490,

Means responsive to depression of the multi-
plier keys “1” to “9” and a conssquent operstion
of the program clutch, are providad to zizldably

ths selscti y

il
Gty

ry {
value of

voted et 345 and connected by a link 34%
to an arm 347 of g yieldahle lever assembly. The

clockwise inbo its Nustrated position by 2 spring
349 tensioned between the arm 347 and a frame

O stud. Alse pivoted on the shaft 348 is & second

arm 358 of the lever assembly, it being vieldably
connecied to the arm 347 by a torsion spring 351
wrapped around the shaft 348. A lug 352 of the
arm 358 overlies the arm 347 below the shaft
348 50 as to enable the spring 349 to exert a
direct pull or hoth of the arms 347 and 350 while
providing a yieldable connectlon when the arm
341 is drawn counter-ciockwise by the cam 343.
Pivoted at 383 on the arm 850 is g floating lever
354 having an ear 355 normally lying just to the
rear of & shoulder 356 on the bar 312 when the
Program clutch is in full cycle position. When-
ever all of the multiplier keys from one to nine
are in a raised position, a spring 357 tensioned
between the ear 355 and an ear 358 on the arm
350 holds the lever 354 rocked against the ear
858 so that the ear 388 lles Lbelow the shoulder
388. Therefore, operation of the setting clutch
under control of any control key other than a

multiplier key will merely cause the cam 343 to
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rock the yieldable lever assembly 347 and 360
and the lever 354 without actuating the bar 312,

However,upon full depression of a multiplier key,
a bar 2030 (Figure 18) supported by parallel links
1900, pivoted on the frame at {801, will be de-
pressed by the corresponding key stem 210¢
agalnst the action of a spring 3%9 tensioned be-
tween the bar 2030 and the upper part of the
channel frame 2002, and the program clutch will
be engaged as will be described hereinafter. Upon
such depression of the bar 2030 a stud 342 (Figures
17 and 18) carried by an extension of the bar
2030 and overlying the lever 854, will rock the lever
354 against the action of spring 357 to position
the ear 355 directly behind the shoulder 356 on
bar 312 so that upon subsequent rocking move-
ment imparted to the yieldable lever assembly by
the cam 343, the lever 354 will engage the bar 312

and move the same to the left until it is arrested -

by the depressed key stem. Continued movement

of the arm 347 beyond this point will merely cause
the spring 351 to yield. It should be noted at this
point that the spring 35 has considerably greater
stiffness than the combined stiffness of the fwo
springs 328 and 331 so that the latter cannot exert
any appreciable influence over the spring 851,

Means are provided which are operated con-
currently with movement of the selection bar 312
for releasing the pawl 326 from gear 324 so as
to allow the selection gear 324 to be adjusted to
its selected rotative position by the selection bar
and sector 320, after which the pawl is reengaged.
Keyed on the shaft 151 is a pawl release cam 360
engaged by cam follower 361 pivoted at 361" and
urged into engagement with the cam 360 by a
spring 363 tensioned between a frame stud and
the follower. A link 364 is pivotally connected
at the lower end thereof to the cam follower 361
and has an elongated slot 366 therein guided over
a frame stud 365. An ear 367 on the link overlies
the tail of the pawl 326 and acts under the in-
fluence of cam 360 to rock the pawl 326 against
the action of the heavy spring 340 (Figure 20)
and out of engagement with the teeth of the se-
lection gear 324, just as the gear 324 is bheginning
to be moved by the bar 3{2. The cam 360 is so
constructed as to release the link 364 from the
pawl 326 slightly before the cam 343 allows the
spring 349 to retract the yieldable lever assembly
including the lever 354, and therefore the gear
324 will be held by the pawl 326 a number of in-
crements away from its illustrated home position
equal to the value of the depressed key. The
gears 320 and 324 have been so designed that the
above. mentioned increments of movement im-
parted to the gears 320 and 324 by bar 312 are
equal to the spacing of the teeth on these gears
to insure correct pawling of the gear 324.:

As the sector gear 320 is moved out of its home
position to a selected position by the bar 312, the
hereinbefore described main clutch dog latch 632
(Figures 10 and 20) is freed to latch the main
clutch dog 247 and make possible a multicyclic op-
eration of the main clutch. During each cycle of
operation of the main clutch the sector gear 320
is stepped one increment back toward its home
position, and upon complete restoration thereto it
causes the latch 832 to release the main clutch dog
and effect disengagement of the main clutch, The
mechanism for accomplishing this operation will
now be described. .

Pivoted on the shaft 321 in juxtaposition with
the sector gear 320 is a lever 370 (Figure 20) piv-
otally connected to a link 371 which, in turn, is
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pivoted at the lower end thereof to a second link
312, provided with an elongated slot 373 embrac-
ing a stud 374. As shown in PFigure 22, the stud
374 is mounted on the lower end of the division
control lever assembly 3715 described in detail
hereinafter. The control lever assembly 375 is
adapted to be rocked about a shaft 376 during
division operation, and in doing so rocks the stud

374 back and forth, however, during multiplica-

tion, the stud is held stationary in.its illustrated
position, A tension spring 37T extending be-
tween the link 372 and the frame normally holds
the link 371 against an ear 378 on the main clutch
dog latch 632, :
An adjustable eccentric screw 380 (Figure 20) is
mounted on the lever 316 with its head under-
lying the sector gear 320, and when the gear 320
is in its home position the lever 370 is held rocked
clockwise against the action of the spring 377 in
the position illustrated in Figure 20, in which
cage 2 lip 381 formed on the link 371 engages the
under edge of ear 318 and holds the latch 632
rocked away from the ear 617 (Figure 10) of the
main clutch dog 247. . .
" Now, as the sector gear 320 is rocked counter-
clockwise during a selection, as was described
above, the spring 317 causes the lever 310 to fol-
low the sector gear and draws the link 371 down-
wardly while the spring 633 pulls the latch 632
into latching engagement with the dog 2471. The
latch 632 therefor holds the dog 24T away from
the main clutch until the sector gear 320 is again
forced into its home position. As it enters the
home position, however, it engages stud 380 and
rocks the lever 370 raising the lip 381 of link 37|
against the ear 318 of latch 632 to release the
main clutch dog and thus effect disengagement

.of the main clutch.

The means for stepping the gear 324 and sec-
tor gear 320 toward home position. comprises a
two-toothed gear 382 keyed on the hub 228 (Fig-
ures 3 and 20) of the main cluteh, and adapted to
mesh with a mutilated gear 383 keyed on the
hub 324’ of the selection gear 324, It will be

5 noted that the teeth of gear 383 have the same

angular spacing as have the teeth.of gear 324,
or in other words the angular spacing of the
teeth of gear 383 is equal to the angular incre-
ments of movement imparted to the selection
gear 324 for each unit of a multiplier digit.
Therefore, in view of the fact that a main clutch
cycle is completed in one-half revolution of the
main clutch, the gear 382 will step the gear
383 and consequently the gears 324 and 320 back-
ward one tooth or increment toward their home
position during each main clutch cycle.

The cam disc 237 is so arranged that one of
the two diametrically opposed notches 33Ta
therein will move into alisnment with the roller
836 on lever 335 just as a tooth of the gear 382
moves into mesh with the gear 383. Therefore,
the spring 338 may rock the lever 335 and there-
by the pawl 326 out of engagement with the gear
324 so as to allow the gear 382 to drive the gear
383 backward one tooth. When operated at a
relatively high speed, the spring 338 may not
be sufficient of its own accord to move the pawl
328 out of pawling engagement with the gear
324, but due to the angle of incidence between -
the teeth of gear 324 and the pawl, the teeth
will act to cam the pawl out of engagement, the
notches 33Ta permitting this operation. Thus,
as the gear 382 nears the end of its one tooth
drive the disc 337 cams the lever 335 upwardly
and, through the heavy spring 340, rocks pawl
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328 into pawling engagement with the teeth of of link 2033 a sufficlent amount to initiate the

gear 324 so as to prevent overthrow of the gear, program clutch operation.

During this operation the spring 340, because of The means whereby the link 2033 effects a set-

its stiffness, remains practically inflexible so that ting clutch operation comprises s lever 2047 piv-
" an overthrown tooth of gear 324 cannot cam the g5 oted at 1999 and having an ear 2048 overlying the

pawl 326 out of pawling engagement. link 2033 intermediate its ends. The lever 2041
It will be noted that when the gears 320, 324 is urged counter-clockwise by a light spring 1956
and 383 are in their home positions, the teeth tensioned between the machine framework and

of gear 383 will be positioned out of the path of the lever, and is connected through a pin and
the two toothed gear 382 so that such gear will 10 slot connection 1951 to a floating interponent

not be actuated during main clutch operations 1952 pivoted to an arm {953 rockable on a shaft
not involving operation of the multiplier selec- 1954. The interponent abuts a pin 384 mounted
tion mechanism. As mentioned heretofore, de- on the program cluich dog 264 (Figures 7, 9,
pression of any multiplier key from “1” to “9,” and 18),

inclusive, is effective to cause engagement of the 15 When the link 2033 is lowered sufficiently at
program clutch. This can be effected only when both ends thereof the lever 2047 will follow the
the depressed key is fully depressed. Pivoted at same under the influence of a spring 1956, thus
1908 (Figure 18) to an ear on the bar 2030 is raising the interponent 1952 to a position where
a link 2033 which is pivotally connected at the it is engaged by a ratchet 19571 (Figures 16 and
other end thereof to a link 1907 depending from 20 18) suitably coupled to the motor driven gear
a lever 2034 included in a lever system compris- 362. The ratchet 1957 rocks the interponent
ing levers 2034, 2035, and 2036. sharply to the left, causing it to strike the stud

Levers 2034 and 2035 are mounted on a frame 384 and rock the setting clutch dog 264 to insti~
pin 2037, while the lever 2036 is pivoted at 1906 tute a program clutch operation in the manner
to the lever 2035. A compression spring 2040 ex- 95 described hereinbefore.

tends between the levers 2034 and 2035 to nor- Means are provided to release a latched multi-
mally hold these levers apart in their. relative plier key upon operation of the program clutch
positions illustrated in Figure 18, wherein an ear or the carriage shifting mechanism (not shown).

2118 on lever 2035 engages a portion of lever A lever 2058 pivotally supported at 2059 has an
2034. Similarly, levers 2035 and 2036 are nor- 30 extension 2054 pivoted at the upper end thereof

mally held in their relative illustrated positions and provided with an ear 2098 engaging a notch
by a compression spring 2043, in which case the in the latch slide 2055. A stiff spring 20584 com-
lever 2086 is held against an ear 2045 on lever pressed between the lever 2058 and its extension
203%. A lug 2046 on lever 203% und=zriies the 2054 normally holds the extension against a lug
bar 2030, being held thereagainst by a spring 35 %0543 formed on the lever 20528 so that the lever
2056 tensioned between the lever 2035 and a and its extension ordinarily fun ction as a unit.

frame stud, so that when the bar 2030 is forced A spring (980 nox ankg

urges the leve
downwardly by depression of a muliiplier key, clockwise and pwver.m tha :

the lever 2035 ig rocked wwwegmdwiﬁme 'wm driftmg mw lat ':

program clutch is Pm«;
2030 and by a key latc
mounted on the undersy
frame 2002 and movable o
only upon full depressio:
that a progrem ciuich o
when the key is fully
ation is effected by dep:
one end therec! heing cai
the other end thersof be
and lever 2034.

As a multiplier key of sny value from “17 to
“8” is being depressed, the underlying bor 2030
is thereby depressed, lowering the right hand end
of link 2033. Also, the lever 2035 is rocked 05O
counter-clockwise. However, during such de-
pression, a lug 2015 on the depressed key stem

As des cnbeu in de i
Avery Patent 2,216,658, g I B c
the ieft, as viewed In Figure 1 »du’ lrg e ch Cay-
riage shift operation and when such shiff cccurs

as & sequen a multiplication cperation the
2101 passes into the correspondling slot 2018 of link? ig Z}igggg gz gwfﬁtz lever 1338 pivoted at
the latching slide 2085 and permits only a slight 1395 to rock the same against the action of a
leftward movement of the slide. The lever 2034 80 (-0 "7 - b 4“‘ ine 2 leftwardly extend-
has an ear 2062 engaging & noteh 2032 i the nsion Spring I A Y X
latch slide 2085 and, therefore; since the lock ing arm thereon to strike an ear (389 on the lmm
slide prevents the lever 2034 from rocking Z0E8 to likewise rock the lever 2053 clockwise
counter-clockwise enough at this time to depress cause the slide 2055 to release any laiched mu ft -
the left hand end of link 2033 the proper amount, 65 Pller key.
the spring 2048 will merely yield. The slide 2088 Means are provided tD prevent relocking of a
will, at this time, have carried a notch 2057 multiplier key in depressed position in the event
therein out' of the path of an ear 2081 on the that it is held down after the latching slide 2085
lever 2036 preventing ear 2081 from holding slide  Das been moved to releasing position. The above
2085. As the depressed multiplicr key reaches 70 described lever 2038, pivoted on the lever 2035
its lowermost position, Iug 2615 passes below at 1808, is provided with an ear 206i adapted to
slide 2085 permitting the spring 2040 to expand engage the notch 2057 in the slide 2055 as the
rocking lever 2034 to move the slide 20065 lefi- latter is moved to the right by the lever 2058 and
wardly to latching position over the lug 2015 of to restrain the slide from returning to key lock-
the depressed key, and to lower the left hand end 78 ing position as long as the key is held depressed.
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It will be recalled that lever 2035 is rocked coun-
ter-clockwise about its pivot 2031 due to down-
ward movement of the parallel bar 2030 and this
movement is transmitted through the spring 2043
to lever 2036, causing it to press upwardly against
the latching slide 2055, thereby engaging in the

notch 2057 until the operator releases the de-’

pressed key.

In order to prevent the lever 2036 from engag-
ing its ear 2061 in the notch 2057 when an oper-
ator is pressing down on a latched-up key and
the latch slide 2055 is moved to the right to re-
lease a previously depressed key, a pawl 2069 is
provided, the function of which under the above
condition will be described later. Pawl 2069 is
pivoted on a depending portion of the bar 2030
and is pressed against a limit stop provided by
the head of the pivot pin 1908, by a spring 2010
compressed between the pawl and the bar 2030.
In case of the normal depression of an initial
multiplier key, the pawl 2069 is carried down-
wardly and forwardly by bar 2030 and in doing
So engages an ear 2078 on the lever 2036, rocking
the lever clockwise about its supporting pin 1906
and thus moving it out of cooperative relation-
ship with the slide.

Obviously, the pawl 2068 must release the lever
2036 before the next oscillation of the key release
lever 2058 in order to insure against relocking
of the same key in the event it is being held down
by the operator. This releasing action is effected
by a lever 2079 pivoted at 1152 and provided at
its upper end with a pin 2095 adapted to engage
a pointed extension 2086 on the pawl 2069 to rock
the pawl against the action of a spring 2070 and
release the lever 2036.

As disclosed in detail in the above Avery Pat-
ent 2,216,659, the mechanism (not shown herein)
for dipping the accumulator gears inte mesh with
the actuating gears during the setfing clutch
cycle is effective to rock the lever 2079 clockwise
to cause the pawl 2069 to release lever 2836 before
the lock bar 2055 is retracted by the lever 2058.

As previously mentioned the principal use of the
foregoing mechanism occurs when s multiplier
key is latched up, For instance, if the machine
is running out the multiplication instituted by the
depression of one multiplier key and the operator

has depressed and latched down a second key to

store the next succeeding multiplier digit, all
other multiplier keys will then be latched up until
the selection has been taken off of the latched
down key. When the operator is pressing down
on a latched up key and the latch slide 2055 is
moved to the right to release a latched down key
to permit the same to rise and to permit the new
key to be depressed, the member 2035 tends to
move into latching engagement with notch 2057
of slide 2055 to hold the same in unlatching posi-
tion so ‘as to prevent operation of the setting
clutch. In order to prevent this condition, the
above mentioned pawl 2069, upon being raised by
the bar 2080 as it follows the rising key, snaps
into latching position over the ear 2078 of mem-
. ber 2036 by means of its spring 2070 and conse-
quently, as the newly depressed key moves down-
ward it carries bar 2030 and pawl 2068 downward
also, the latter now rocking member 2036 to re-
lease slide 2055 so that it may be moved forward
to latch the various keys and cause initiation of
“operation of the setting clutch.

In the event that operation of the setting elutch
is effected by a control key other than a muiti-
plier key, while a multiplier key is inadvertently
held in partially depressed condition wherein the
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lever 354 (Figure 17) is engageable with the
shoulder 356 of the selection bar 312, the setting
clutch would effect operation of the multiplier
selection mechanism resulting, in general, in an
erroneous operation. To prevent such a condi-
tion from arising, the hereinbefore mentioned
latch 333, pivoted on the frame stud 315, is pro--
vided. This latch has an ear 390 thereon held
in engagement with the rightmost edge of a notch
formed in the latch slide 2055 by the tension
spring 328{, and when the latch slide is in its
illustrated position the spring 33! is allowed to
hold the latch 333, as shown, with a blocking ear
391 thereon positioned in front of the projection
329 on the selection bar 312. Therefore, a mul-
tiplier key must be fully depressed to a position
wherein it enables the latch slide 2055 to move to
latching position before the selection bar 312 can
be moved to selecting position.

As described in detail in the above mentioned
Boyden et al. patent, means (not shown herein)
operable in response to disengagement of the
main cluich are provided to restore the various
actuating mechanisms to their normal illustrated
positions in readiness for a new operation.

Short-cui multiplication

The machine of the present invention is pro-
vided with a “short-cut” control mechanism effec-
tive to institute negative multiplication for cer-
tain calculations, such as where it is desired to

- multiply by a minus quantity.
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The short-cut mechanism is controlled by a -
settable key 1120 (Figure 21) provided with a
slotted key stem guided over fixed pins 387 and
388. Provided on the key stem is an ear 1123
overlying a lever {124 pivoted at {126 and under~
lying an ear 1125 formed on the hereinbefore
mentioned reverse unit control lever 545. Upon
depression of the short-cut key 1120 to its set
position, the lever 1124 is rocked thereby to rock
the hereinbefore described lever 545 clockwise so
as to control setting of the reverse unit 251 (Fig-
ures 12, 13, and 16) for subtraction.

The short-cut key 1128 is locked in set position
whenever depressed thereto by a latch 400 pivoted
on a shaft 152. The latch 400 is urged counter-
clockwise by a spring 402 tensioned between an
ear on the upper end of the latch and a frame
stud 403 so as to position a shoulder thereon over
a shelf 401 on the short-eut key stem when the
same is depressed.

The key 1120 is released at approximately the
end of a succeeding setting phase of the program
clutch by a release lever 404 pivoted on the stud
403 and overlying an ear 405 on the lower end
of the latch 400. .The release lever 404 is pro-
vided with g roller 4086 lying in front of an arm
114 which is pinned on a shaft 752 (see also

‘Figure 10), - Also pinned on the shaft 152 is an

arm 150 connected by a link 748 to the hereinbe-
fore described cam follower 746 so that near the
end of a setting phase of the program cluich,
rocking movement of the follower 146 is trans-
mitted to the release lever 404 rocking the same
clockwise and effecting a similar rocking move-
ment of the latch 400, whereupon a spring 407
tensioned between the pin 381 and an ear on
the short-cut key stem retracts the key upwardly
to its illustrated position, allowing the reverse
unit control lever 545 to return to a “positive”
setting.

Means are provided to prevent relatching of the
short-cut key in the event that the operator holds
the key down during the unlatching period of a
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succeeding program clutch cycle. This means Bi2 to rock the program clutch dog 284 counter-
comprises a blocking latch 408 pivoted on the stud clockwise to initiate a program clutch cycle. Dur-
403 and urged clockwise by a spring 409, tensioned ing the setting phase of the program clutch cycle,
between the latch 408 and the pin 387. When the means (not shown) operable by the program
latch 400 is rocked clockwise by the release lever 5 clutch rock the bell crank out of engagement with
404 under the influence of the cam 807 (Figure the ear 515 to release dog 264 which terminates

10) to release the shelf 401, it is overthrown suffi- operation of the program clutch at the conclusion
ciently to enable a shoulder on the blocking latch of its setting phase, .
408 to be moved into blocking relation with the The operation of the machine in division con-

ear on the upper end of the latch 4080, preventing 10 sists of successive subtractions of the divisor from
the same from again relatching the shelf 401 as the digits of the dividend which are registered in
long as the operator is holding the key down. the orders of the accumulator aligned with the
‘When the operator releases the key, the shelf 40 orders of the divisor as set in the keyboard until
strikes the tail 410 of the latch 408 and causes the remainder in the accumulator becomes smaller
the same to release the latch 400, this action, of 15 than the divisor. It will therefore be seen that
course, occurring after the shelf 401 has moved during the greater part of the time, the main
above the level of the latching shoulder of clutch will have to be engaged throughout a plu-
latch 400, rality of cycles and the heretofore described main
In the event that the short-cut key (120 has clutch dog latch 632 (Figures 10, 20, and 22) is
been depressed inadventently, it may be released 20 provided to insure such continued multi-cyclic op-
by a stop key 411 guided intermediately over a eration of the main clutch, means (not shown)
frame pin 412 and pivotally connected at 413 to being provided to release the latch 632 when the
a bell crank 414, pinned on a rockable shaft 415 remainder becomes less than the divisor. There-
The bell crank 414 is loosely connecied to the fore, means are provided to release the herein-
latch 400 through a wire link 416. A spring 44T 25 before described latch disabling link 371 (Figures
tensioned between the pin 412 and the pivot 413 20 and 22) from the latch 632. This is accom-
normally holds the stop key 411 in a raised posi- plished by the stud 374 carried by the division
tion, and also holds the bell crank 414 in g posi- control lever assembly 375 and movable within the
tion wherein enough lost motion is provided be- elongated slot 373 in the link 3712.
tween the link 418 and latch 400 to enable the 80 As described in the Avery Patent 2,216,659,
latch to engage the shelf 40{ of the short-cut key during the portions of a division operation in
stem, However, upon depression of the stop key which multicyclic operation of the main clutch
411 the bell crank 414 is rccked sufficiently to may take mlace, the division control level 875 is

cause the link 416 tc throw the latch 400 out of held rockead clockwise from ifs illustrated position
latching engagerment with shelf 401, 35 and, therefore, the pin 374 is engaged with the
Division control left end of the slot 373 to hold the links 271 and
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therefor, a motor, means comprising a cyclically

operable main clutch for connecting said actu--

ating mechanism to said motor, means for initiat- -

ing operation of said main clutch, means for ar-
resting operation of said main clutch including
a’control member movable to and from effective
position, a series of depressible value keys, a sec-.
ond clutch operable by said motor, and means
for initiating operation of said second clutch;
the combination comprising settable means actu-
ated by said second clutch and, controlled by a
depressed one of said depressible keys for moving
said clutch control member from said effective
position a number of increments of movement
corresponding to the value of said depressed key,
pawling means for preventing movement of said
control member, means operable by said second
clutch for sequentially releasing and reenabling
said pawling means, means operable by said main
clutch for advancing said clutch control member
towards said effective position at the rate of one
of said increments for each cycle of operation
thereof, and means operable by said main clutch
for releasing said pawling means. :
3. In a calculating machine having an accu-
mulsting mechanism, an actuating mechanism
therefor, a motor, means comprising a cyclically
operable main clutch for connecting. said actu-
ating mechanism to the motor, means for initiat-
ing operation of said main clutch, means for ar-
resting operation of said main clutch including
a control member mevable to and from effective
position, and a series of depressible value keys;
the combination comprising means responsive to
depression of one of said keys for moving said
clutch control member from said effective posi-

tion a number of increments of movement corre-

sponding to the value of said depressed key,
pawling means for restraining movement of said
control member, means operable in response to
said depression of said key for releasing said
pawling means, means operable by said main
clutch for advancing said clutch control member
toward said effective position at a rate of one of
sald increments for each cycle of operation
thereof, and means controlled by said main clutch
for releasing said pawling means upon.movement
of said control member by said advancing means.

4. In a calculating machine having sn accu-
mulating mechanism, an actuating mechanism
therefor, a motor, means comprising a cyclically
operable main clutch for connecting said actu-
ating mechanism to the motor, means for initiat-
ing operation of said main clutch, means for ar-
resting operation of said main clutch including
a control member movable to and from effective
position, and a series of depressible value keys;
the combination comprising means responsive to
depression of one of said keys for moving said
clutch control member from said effective position
& number of increments of movement correspond-
ing to the value of said depressed key, pawling
means for restraining movement of said control
. member, means operable in response to depression
of said key for releasing said pawling means,
means operable by sald main clutch for inter-
mittently engaging and advancing said clutch
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" control member toward said effective position at
a rate of one of said increments for each cycle -

of operation thereof, and a cam operatively con-
nected to said last mentioned means for moving
said pawling means into pawling éngagement with
sald control member on movement of said ad-
vancing means out of engagement therewith and
for permitting said pawling means to be dis-

70

(]

11

engaged from said control member on movement
of sald advancing means into engagement there-
with.

5. In a calculating machine having an accu-
mulating mechanism, an actuating mechanism
therefor, a motor, means comprising a cyclicaliy
operable main clutch for connecting said actu-
ating mechanism to said motor: means for initiat-
ing operation of said main cluteh, means includ-
ing a control member movable ‘to an effective
position for arresting operation of said main
clutch; a depressible key, a second clutch operable
by said motor, and means for initiating operation
of said second clutch; the combination compris-
ing settable means actuated by said second cluteh
and controlled by said key upon depression thereof
for moving said clutch control member from said
effective position, pawling means for restraining
said control member from movement, means
operable by said second clutch for sequentially
releasing and reenabling said pawling means,
means operakle by said main clutch for moving
said clutch control member to the effective posi-
tion as aforesaid, and means operable by said
malin clutch for releasing said pawling means.

6. In a calculating machine having an aceu-
mulating mechanism, an actuating mechanism
therefor, a motor, means comprising a cyclically
operable main clutch for connecting said actu-
ating mechanism to the motor; means for initiat-
ing operation of said main clutch, means includ-
ing a control member movable to effective position
for arresting operation of said main clutch; and
a depressible key; the combination comprising
means responsive to depression of said key for
moving said control member from said effective
position, pawling means for restraining said con-
trol member from movement, means operable in
response to said depression of said key for releas-
ing said pawling means, a device operable by said
main clutch for moving said control member to
said effective position as aforesaid, and means
controlled by sald main clutch for releasing said
pawling means upon movement of said control
member by said device.

7. In a calculating machine having an accu-
mulating mechanism, an actuating mechanism
therefor, a motor, means comprising a cyclically
operable main clutch for connecting said actu-
ating mechanism to the motor, means for initiat-
ing operation of said main clutch, means includ-
ing a control member movable to effective posi-
tion for arresting coperation of said main clutch,
and a series of depressible value keys; the com-
bination comprising means responsive to depres-
sion of one of said keys for moving said clutch
control member from said effective position a
number of increments of movement correspond-
ing to the value of said depressed key, pawling
means for restraining movement of said control
member, means operable in response to depres-
sion of said key for displacing said pawling means
from pawling position, spring means other than
said last mentioned means for moving said pawl-
Ing means from pawling position, means operable
by said main clutch for intermittently engaging
and advancing said clutch control member toward
said effective position at the rate of one of said

"increments for each cycle of operation thereof,

and means operable by said main clutch for mov-
ing said pawling means into pawling position upon
movement of said advancing means out of en-
gagement with said control member and for per-
mitting said spring to displace said pawling means
from pawling position upon movement of said
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advancing means into engagement with said con-
trol member. .

8. In a calculating machine having an accu-
mulating mechanism, an actuating mechanism
therefor, a motor, means comprising a cyclically
operable main clutch for connecting said actu-
ating mechanism to sald motor, means for initiat-
ing operation of said main clutch comprising a
second clutch operable by said motor, means
including a control member movable to effective
position for arresting operation of said main
clutch, a key, means for initlating operation of

said second clutch, settable means controlled by
said key for moving said clutch control member
away from said effective position, and means
operable by saild main clutch for moving said
control member to said effective position; the
combination comprising normally uncoupled drive
means for said settable means operable by sald
second clutch, and means responsive to said key
upon depression thereof for coupling said drive

10 means to said settable means.
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