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27 Claims.
1

This invention relates to an improved auto-
matic division mechanism for calculating ma-
chines and more particularly to a deviece for
causing the factors of a division problem to be
automatically alisned with one another prior to
the commencement of the actual dividing opera-
tion.

Many of the calculating machines on the
market today are provided with a mechanism
which serves to control the functicning of the
machine in division problems in such a manner
as to cause the dividend o be automatically
divided by the divisor, the quotient being dis-
played on a set of figure dials at the conclusion
of the operation. With these machines, however,
it is first necessary for the operator tc check the
ordinal setting of the divisor and dividend bs-
fore division is started in order to insure that
the highest digits of the factors are in proper

alignment with one another.. If they are not =

in their correct positions, he must then manually
control the shift mechanism so as to cause the
factors to be brought into correct alignment after
which the division key is depressed so as to in-
itiate the division operation.

The present invention has to do with a mech-
anism for causing the dividend and divisor to
be brought into proper alighment prior to the
outset of the division operation thereby relieving
the operator of the necessity of insuring that the
alignment is correct before initiating the division
operation. TIn accordance with this inventicn,
the factors are set into the machine in the cus-
tomary manner after which the division key is
depressed. The novel mechanism hereinafter
to be described, is thereby set into operation so
as to cause the factors, if misaligned, to he
brought into proper alignment after which the
conventional automatic division mechanism will
take over control and cause the machine to pro-
ceed with the division operation.

Accordingly, it is an objeet of the present in-
vention to provide means for increasing the ease
and rapidity with which division operations may
ke performed. This is accomplished by providing
mechanism for antomatically lining up the divi-
dend and divisor at the outset of the operation
whereby the time and effort spent by the opera-
tor in manually performing this step of the op-
eration is eliminated.

Another object of the invention is to provide
means for automatically aligning the dividend
and divisor and then dividing the dividend by
the divisor in one continuous operation.

A further object of the invention is to provide
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means for shifting the dividend relative to the
divisor in one direction until the factors are
brought into proper alignment after which the
direction of shift is reversed and an sutomatic
division operation is performed in the customary
manner.

Still a further object of the invention is fo
provide g calculating machine having a shift
reversing mechanism for the accumulator car-
riage which is controlled by the tens-transfer
mechanism of the accumulator and also by the
numerical setting of the accumulator wheels.

An additional object of the invention is to pro-
vide a calculating machine having means for
shifting the accumulator carriage in one direc-
tion until the dividend is brought into alignment
with the divisor or until the carriage reaches its
end position after which the shift is automati-
cally reversed so as to cause a normal dividing
operation to take place.

The present invention is concerned with these
and other objects which will becoms apparent
from the following description of a preferred em-
bodiment of the invention as shown in the ac-
companying drawings in which:

Fig. 1 is a perspective view of the complete ma-
chine,

Fig. 2 is a longitudinal sectional elevation il-
Iustrating the detailed construction of the ac-
cumulator carriage and of the selecting and actu-
ating mechanism of the machine.

Fig. 3 is 2 view showing the mechanism mount-
ed on the right-hand side of the right side frame,
this view being taken along the line 3—3 in Fig. 1.

Pig. 4 is a view similar to Fig. 3 but showing
the mechanism mounted on the left-hand side
of the right-side frame, this view being taken
along the line §—4 in Fig. 1.

Fig. 5 is a side elevation taken along the line
E—5 in Pig. 1 showing the mechanism mounted
on the left-hand side of the control plate.

Fig. 6 is a plan view of the right-hand portion
cf the machine showing a part of the carriage
shift mechanism.

Hig. 7 is a rear view of the machine showing a
portion of the division aligner mechanism and
also certain parts of the carriage shift mech-
anism.

Fig. 8 is a plan view of the rear portion of
the machine showing certain parts of the division
aligner mechanism.

Fig. 9 is a longitudinal sectional elevation taken
along the line 9—9 in Fig. 8 and showing a por-
tion of the mechanism for terminating the car-
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riage shifting operation when the carriage reach-
es its right-hand position.

Fig. 10 is a side elevation taken along the line
i8—10 in Fig. 1 showing the mechanism mounted
on the right-hand side of the control plate.

Fig. 11 is a cross-sectional view taken along
the line {{—I{ in Fig. 8-showing the control of
the division aligner mechanism from the accumu-
lator wheels on the carriage.

Fig. 12 is a fragmentary view of a portion of

the division aligner mechanism .as viewed. from.

the left-hand side of the machine.

Fig. 13 is a plan view showing the mechanism
for sensing the numerical setting: of the accumu-~
lator wheels. :

Fig. 14 is a cross-sectional view taken along the
line {4—1{4 in Fig. 8 showing the mechanism for
reversing the direction of the carriage shift when
the carriage reaches its right-end position.

General description

The present. invention is an improvement on
a calculating machine of the type disclosed.in
U. S. Patent No. 2,327,981, issued to Carl M. F.
Friden on August 31, 1943, which. relates to an
improved automatic division mechanism for.the
calculating machine shown: and described in U. S.
Patent No. 2,229,889, issued to Carl M. F. Friden
onJanuary 28, 1941,

Referring to Fig. 1, the-calculating machine
incorporating the present invention includes a
main body portion 20 containing the actuating,
selecting and control mechanisms-of the machine
and an accumulator and revolutions-counter car-
riage 21 which is mounted for endwise shifting
movement transversely of the hody portion 28.
The carriage 2§ has mounted therein a series of
accumulator dials 22 and also a group of revolu-
tions counter dials 23 which are viewable through
suitable cpenings provided in the cover 26 of the
carriage. The carriage may be shifted by power
in either direction across. the machine by marmnip-
ulation of a left shift. key 21 and.a right shift
key 28 located on the right-hand side of the
machine,

Numerical values may be: entered in the-ma-
chine by depression of appropriate numeral keys.
29 of a conventional amount keyboard, the keys
in each row being releasable individually by de~-
pression of an ordinal clear key 30 situated at the:
forward end of each bank of keys,. or the simul~
taneous release of all of the keys-may be accom-~
plished by depression of a clear key 3. The var-
ious values set up on the keyboard may be regis~
tered additively or subtractively on the accumu-
lator wheels 22 by the depression of a plus key
32 or a minus key 33, respectively.. If it is de-
sired that the keyboard: be..cleared after each
registration of a number in the accumulator; an
add key 34 may be depressed and latched. down
in the well-known manner.

The accumulator wheels 22 and the revolutions
counter wheels 23 may be cleared or reset to zero
by manipulation of manually operable reset
knobs 35 and 36 respectively, these knobs being
mounted for lateral sliding movement in the
framework of the carriage. Alternatively, the
wheels 22 and 23 may be zeroized by power
through the depression of a return clear key 37.

The machine is adapted to perform automatic
division operations by manipulation of a pair of
division keys 88 and 39 which control a division
mechanism similar to the type deseribed in U. S.
Patent No. 2,327,981 mentioned above. Auto-
matic multiplication operations may be per--
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formed by depression of appropriate multiplier
selection keys 40 in order to set-up the desired
multiplier factor on multiplier dials 4i viewable
through a window 42 provided in the front cover
of the machine. The multiplication operation is
adapted to be initiated by one of the multiplica-~
tion control keys 43, 44, or 45 which will cause
the carriage 21 to be shifted to its extreme left-
hand position after which the multiplicand set-
up on the amount keys 29 will be multiplied digit
by digit by the multiplier set up on the dials 41.
If it should become necessary to clear the multi-
plier factor from the machine, a multiplier cor-
rection key 46 may be depressed which will ini-
tiate a- machine operation in which the multi-
plier set-up mechanism will be normalized.

The machine is also provided with a group of
ordinally arranged tabulator keys 50 and a divi-
dend entry key 51 for effecting the entry of a
dividend set up on the amount keys 28 into the
accumulator: wheels 22 in any selected ordinal
position. of  the carriage. This mechanism is.
fully shown. and described in U. S. Patent No.
2,403,273, issued to Carl M. Friden et al. on July
2, 1946, and reference is made.to this patent for.
a. detailed. explanation of the dividend entry
mechanism.

Selecting and actuating mechanism.

The main operating mechanisms of the ma-
chine are supported for the most part on or be-
tween a right side frame 52 (Pigs. 3, 4, 7 and 8)
and a left side frame 53 (Figs. 7 and 8) which
frames are secured to a base (not shown) which
also serves to support the electric driving motor
of the machine. The right and left side frames
are interconnected by means of various cross-
frame members including crossbars 54, 55, 58 and
57 which are shown in cross-section on Fig. 2.

The values.to be entered into the accumulator
numeral wheels 22 may be determined by means
of a plurality of similar. selecting mechanisms:
associated. with the amount keys 29. As shown
in Fig. 2, each.hank of amount keys cooperates
with a pair of similar value selecting slides 58.
which: are: mounted for endwise movement by
means of a. suitable supporting linkage inelud-
ing links 5% and extending through suitable slots
provided therefor in the forward crossbar 54.

Fach selecting slide 58 is connected at its rear
end with. a: ten tooth selection gear 68 slidably
and nonrotatably mounted on' a longitudinally
extending- square. shaft 6! journalled in the
crossbars 84, 55 and 58. Hence, the longitudinal
movement of the slides 58 as differentially con-
trolled by the numeral keys 29 serves to position
the selecting gears 68 in the path of a series of
stepped teeth provided on an actuating cylinder
85 secured to a shaft 66 journalled between the
crosshar §4 and a transverse supporting bar 67.
For each adjacent pair of key banks there is pro-
vided one longitudinally extending actuator shaft
66 bearing a pair of actuating cylinders 85. Fach
actuator shaft 68 is provided at its forward end
with a bevel gear 68 which meshes with a corre-
sponding bevel gear 69 secured to a transverse
power shaft 70 journalled between the side
frames of the machine. The shaft T8 is cyclically
and uni-directionally operated by means of g

/0 clutch controlled driving means, hereinafter to

be described, so as to provide g single path of
power flow from the electric driving motor to
the various power operated mechanisms of the
machine.

Each of the square shafts 6§ is provided on
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its rear end with a slidably but non-rotatably
mounted spool 7{ to which is secured a ten-tooth
add gear 12 and a ten-tooth subtract gear 13,
which gears are adapted to cooperate with simi-
lar ten-tooth gears 14 secured on the lower ends
of accumulator numeral wheel shafts 75.

When the machine is in its idle or full cycle
position, the gears 74 lie midway between the
add and subtract gears 72 and 72 so as to permit
lateral shifting movement of the carriage. The
gears T4, in this case, are fres to pass through
the space existing between the gears 72 and 73.

In order to enable an amount set up on the
keys 29 to be added into the accumulator wheels
22, the spools T! and gears 72 and 73 may be
shifted toward the rear of the machine so as to
engage the add gears 72 with the gears 4. This
shifting of the gears is accomplished by means
of a flat bar or gate T5 extending transversely
of the machine and lying within the space pre-
vided bhetween the add-subtract gears 72, 13.
The gate 75 is supported at either end by a pair
of similar arms 77 secured o a2 transverse gate
shaft 78 journalled between the side frames §2
and $3. The shaft 8 may be rocked clockwise
as viewed in Fig. 2 in a manner hereinafier to
be described so as to cause engagement cf the
add gears 72 with the gears 74 or aliernatively,
the shaft 78 may be rocked counter-clockwise
so as to result in engagement cf the subtract
gears 13 with the gears 74.

Tens-transfer mechanism

Secured to the lower end of each of the nu-
meral wheel shafts 15 is a tens-transfer cam
88 which is adapted to cooperate with a trans-
fer lever 8{ bearing a stud 82 which is jour-
nalled in the main frame bar £2 of the carriage.
On the outer end of the transfer lever 84 there

is provided a down-turned ear 84 which lies be-~ ¢

tween a pair of flanges provided on the hub 85
of a tens-transfer gear 88 located in the next
higher order of the machine. The hub 2% and
gear 88 are slidably, but non-rotatably mounted
on the square shaft 8! whereby rofation of the
gear 88 will be transmitted through the add-
subtract gears 72, 72 to the numeral wheel shaft
15. Whenever the accumulater wheel 22 passes
from “0” to “9” or from “%” to “6”, & nose on
the transfer cam 88 will rock the transfer lever
81 and move the ear 82 forwardly so as to move
the transfer gear 8§ into the path of a2 single,
{ransfer actuating tooth 87 formed on a disc 88
secured to the shaft 85. The single iooth 87
will thereby esuse one step of movement to be
given to the sguare shaft 81 in addition o the
normal movement imparted theretoc by the ac-
tuating cylinder €8. The accumulator wheel 22
will thug be advanced one step so as to affect
the carry from one order to the nexi higher
order as required.

After the tens-transfer has been effected, the
transfer gear 88 will he restored to its normal
position by means of a restoring cam 98 secured
to the actuator shaft §8. This restoring cam
operates on the forward end of a detent pin
8! which is mounted for sliding movement in
the crosshar 67 and in a transverse supporting
bar 32. The pin %{ carries a pair of spaced
flanges 93 which embrace one of the fanges
provided on the hub 825 of the transfer gear
8§ so that when the pin is cammed rearwardly,
the gear 386 will be restored to its normal posi-
tion.
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Revolutions counter

As shown in Fig. 2, each of the revclution coun-
ter numeral wheels 23 is secured to a longitudi-
nally extending shaft 23 journalled at its rear
end in the frame bar 82 and at ifs forward end
in a channel bar 38 which forms a part of the
framework of the carriage 2i. Secured to each
of the shafts 68 is a gear {88 which 1s arranged
to cooperate with a revolutions counter actu-
ating mechanism (8¢ for operaling the numeral
wheels 23 in such a manner as to provide a
count of the cyelic cperations of the calculating
machine and also for causing a unit to be trans-
ferred from a lower order to a higher order each
time a wheel £3 passes through zero.

The revolutions counter mechanism is fully
shown and described in the above-mentioned
Patent 2,229,889, to which reference may be had
for a more complete disclosure of this part of
the machine.

Motor drive

In order to effect registration in the accumula-
tor of the value set up on the amount keys 25,
the actuator shafts 6& ave operated in a cyclic
fashion by means of a cluich conirolled drive
from the electric motor of the machine. As
shown in Fig. 3, the armature shaft i85 of the
motor has secured therefo a pinion {65 which
meshes with an idler gear (87 which In turn
meshes with g large gear 188 journalled on the
transverse powsr shaft 8. The gear 8§ is
provided with a hub to which is secured a driv-
ing clutch element or ratchet (not shown). A
driven clutch element {89 is secured to the shafi
75 and has pivoted thereon a spring-urged cluich
pawl { 1% which is provided with s tooth which is
adapted to engage with the teeth of the raichet
for establishing a driving connection hetween the
gear 188 and the power shaft 78. The pawl {§3
is normally spring-urged into drive-engaging re-
lationship with the ratchet, but is restrained in
the open or full cycle position by means of a
clutech control lever ti{ pivotally mounted cn a
screw 112 fastened to the right side frame BZ.
The lever §1i carries a pivoted roiler £15 which
seats in a depression formed on the driven clutch
element 189 in the full cycle position thereot
and in all other positions of the element 143
maintains the lever {i{ in ifs clutch-engaging
position. It will be seen therefore that one or
more cycles of the actuater shafts 85 may he
determined by proper control of the lever {14,

Simultaneous with the movement of the lever
{i1 in a clockwise direction, as viewed in Fig. 3,
so as to cause engagement of the clutch, the
electric circuit for the driving motor will be
established. For this purpose a stud (14 in the
upper end of the lever is connected by means of
a link {15 with the upper end of a lever {16 piv-
otally mounted on a screw {{7 secured to the
right side frame. The lower end of the lever {1§
is provided with s bifurcation which engages with
a pin 118 provided on the upper end of a lever
({9 pivotally mounted on a screw {28 secured fo
the right side frame 52. On its lower end the
lever 118 is provided with a suitably insulated
pin 12{ which lies against one leaf of 2 leaf
spring contact 122. Thus, clockwise movement
of the cluteh control lever {i{ will cause counter-
clockwise movement of the lever (12 so as to
cause the pin [2{ to force the contacts 122 into
engagement and thereby close the electric cir-
cuit for the motor. It will be cbserved that the
roller 13 in maintaining the control lever (1}
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in its clutch-engaging position throughout the
machine cycle will also serve to maintain the
contacts {22 closed so that the motor circuit
can be interrupted only in the full cycle position
of the parts.

Plus and minus keys

Referring to Fig. 5 of the drawings it will be
observed that the plus key 32 and the minus key
33 are both slidably mounted on a control plate
127 mounted on the right-hand side of the right
side frame 52 by means of suitable screws and
spacing sleeves. The keys 32 and 33 are pro-
vided with roller studs 128 and {29, respectively,
which cooperate with inclined cam faces 130 and
131, respectively, provided on a gate setting slide
132, This slide is pivotally connected at either
end to the upper ends of arms {33 and 136 (Figs.
5 and 10), the arm 133 being pivoted on the con-
trol plate 127 while the arm {36 is secured to
the right-hand end of the gate shaft 78. Hence,
when the plus key 82 is depressed, the slide {32
will be moved rearwardly so as to rotate the gate
shaft in a clockwise direction, as viewed in Fig.
2, thereby causing the add gears 72 to be en-
gaged with the gears 74 on the numeral wheel
shafts 78. In a similar manner, depression of
the minus key 33 will cause forward movement of
the slide 132 thereby rocking the gate shaft 78
counter-clockwise so as to engage the subtract
gears 18 with the gears 74.

In order to initiate operation of the drive
mechanism of the machine when either key 32 or
33 is depressed, each of these keys is provided
with a half-round stud {37 which is adapted to
cooperate with a cam face 138 provided on ‘a
cycle-initiating slide 139. The rear end of this
slide bears against the stud {{& so that when
either of the keys are depressed, the stud will be
moved rearwardly thereby rocking the clutch
control lever i1! (Fig. 3) clockwise so as to en-
gage the clutch and close the contacts 122. This
will cause the electric driving motor of the ma-
chine to be energized and the power shaft 18 to

he rotated thereby driving the actuator shafts 65

to which are secured the actuating cylinders 5.
Hence, the amount set on the keys 29 will be run
into the accumulator wheels 22 in either a posi-
tive or negative direction depending on which of
the keys 32 or 33 is depressed.

Carriage shift mechanism

Means are provided for shifting the carriage
selectively in either direction through one or more

ordinal spaces and the shifting means is pref- |,

erably operated from the actuator shafts 68
under the control of the manually depressible
shift keys 27 and 28. These keys are mounted
for vertical sliding movement on the right side
frame 52 by suitable pin and slot connections, the
keys being normsally maintained in their raised
position by means of suitable springs.

As fully shown and described in U. S. Patent
No. 2,380,642, issued to Carl M. Friden et al. on
July 31, 1945, the shift keys carry studs which
cooperate with a pair of arms 145 and (46 (Fig.
6) and cause the arms to be rocked when the
keys are depressed. As will later be described,
rocking of these arms will cause either the left
shift clutech or the right shift clutch to be en-
gaged and thereby determine shifting of the car-
riage in one direction or the other. As disclosed
in the patent, suitable connections are also pro-
vided between the keys and the lever 146 (Fig. 3)
which will cause this lever to be rocked clock-
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&
wise upon depression of either of the keys 21
or 28 and thereby initiate ¢yclic operation of the
actuator shafts 66 so as to provide the power
drive for the shift mechanism.

Referring again to Fig. 6, it will be observed
that the arm 145 is pinned to a transverse shaft
14T which is journalled between the right side
frame 52 and a bracket 148 secured to the cross-
bar 54. .Also pinned to the shaft {47 is an arm
i49 to which is pivotally connected a pusher
link {58 which is notched at its rear end so as
to engage with the forward end of a left shift
push rod {81 which is mounted for longitudinal
sliding movement in the machine. The rear end
of the link 188 is normally urged downwardly
so as to engage the notch in the link with the
forward end of the rod i51 by means of a spring
152,

In a like manner, the arm {48 is secured to
the right-hand end of a sleeve 153 to the left-
hand end of which is secured an arm i34 similar
to the previously mentioned arm {49, Pivotally
connected to the arm (54 is a pusher link {55
which, like the link 58, is notched at its rear-
ward end so as to engage with the forward end
of a right shift push rod {55 which is slidably
mounted within the framework of the machine,
The notch in the pusher link {55 is normally
maintained in engagement with the forward end
of the pusher link 158 by means of a spring {57,
The push rods 18{ and 156 are normally main-
tained in their forward or inactive positions as
shown in Fig. 6 by means of compression springs
188 and {59, while the rear ends of the rods
carry shifting forks {886 and 46! which engage
with annular grooves cut in clutch members 162
and {68. The membpers 162, {83 are Ioosely
Jjournalled on the rear ends of the two right-most
actuator shafts 66 and are provided with clutch
teeth 64 and (65 which engage with correspond-
ing notches provided in collars secured to the
rear ends of the actuator shafts 83. The mem-
bers {62 and {83 are also provided on their rear
ends with clutch teeth which are adapted to
cooperate with clutch teeth (688 and {87 formed
on the forward ends of gear sleeves 188 and 169
when either the member {52 or the member i63
is moved rearwardly by its associated shift fork
{60 or 161, Hence, it will be seen that the cou-
pling members 62 and 163 provide a means
whereby the actuator shafts 68 may he sslec-
tively coupled to the gear sleeves {88 or {89 and
thereby provide a power drive for the carriage
shift mechanism. Hence, upon depression of
the left shift key 27 the arm {45 will be rocked
and the pusher link 150 moved rearwardly S0 as
to move the push rod 5! and the shif fork {50
toward the rear of the imnachine and thereby cause
the coupling member {82 to establish a driving
connection from the actuator shafi $8 $o the gear
sleeve i83. In a similar manner, when the righs
shift key 28 is depressed, the arm {45 will he
rocked and the pusher link {5% moved rearwardly
50 as to operate the push rod {58 and shift fork
§8i and establish a driving conneciion hetween
the rightmost actuator shafi 88 and the gear
sleeve 169.

As seen in Fig. 6, the gear sleeve 188 cayries g
gear 178 which meshes directly with a larger
gear {7l to which is secured a smaller gear (not
shown) which meshes with a shift gear £72. The
gear sleeve {89 carries a gear 173 which meshes
with a wide idler gear (not shown) which meshes
with the large gear i7i and causes reverse rota-
tion of this gear. The gear sizes are so chosen
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as to provide g drive ratio of 1 to 4 between the
gears 170 and {73 and the shift gear 172 so that
for each rotation of the gear slesve (88 or 183,
the shift gear 172 will be rotated through an
angle of 90 degrees. .

The shift gear {72 is secured to a shaft which
is journalled hetwesn the crossbar §8 and a plate
115 mounted on the rear of the machine. Se-
cured to the same shaft as the gear {72 is a
drive plate 77 which carries four equally spaced
drive pins {78 which are adapted to engage with
notches 118 (®iz. 7) provided in a shift rack
120 secured on the rear of the carriage 21i.
Hence, for each 90 degrees of rotation of the
drive plate 177 the carriage will be shifted
through g distance egual to the spacing between
the notches {79 which is equal to the distance
between the numeral wheel shafts 78 (Fig. 2).
In other words, the carriage will be shifted one
ordingl space on each cycle of operation of the
power shaft 70.

Means are provided for disabling the control
of the shift keys 27 and 28 whenever the carriage
reaches either of its extreme end positions. For
this purpose means are provided for lifting the
pusher links {58 and {55 against the force of the
springs 152 and 57 when the carriage reaches
either its left end or its right end position. The
lifting of the pusher link 180 is accomplished by
means of an arm {85 (Figs. 6 and 8) secured to a
transverse shaft {86 which is journalled at either
end in brackets {87 and (88 secured to the rear
face of the crosshar 58. Fast on the right-hand
end of the shaft {86 is a downwardly extending
arm i83 (Fig. 9) to the lower end of which is
pivotally connected the forward end of a link
i88 which, as shown in Figs. 7 and 9, is pivotally
connected at its rear end to one arm {81 of a
bellerank lever {92 which is journalled on the
gate shaft 78. As shown in Fig. 9, this bellerank
lever has a rearwardly extending arm which lies
beneath the right-hand end of a lever {33 which
is pivotally mounted on a screw {84 (Fig. 7)
fastened to the crossbar 56. The lever 193 corre-
sponds to the lever 208 shown in Fig. 8 of Paient
No. 2,403,273 hereinbefore referred to, and like
the lever 208, is arranged to lie beneath an over-
ride pawl corresponding to pawl 226 shown in the
patent. When the carriage 2i reaches its left
end position, the shift pins will rock the over-
ride pawl and cause the lever 183 to be depressed
against the tension of a spring 188 which norm-
ally maintains this lever in its raised position.
The bellecrank lever {92 (see Fig. 9) will there-
upon be rocked counter-clockwise and cause the
shaft {88 to be rocked in the same direction. The
forward end of the lifter arm {85 (Figs. 6 and 8)
which is secured to the shaft 188 will thereby be
raised so as to disengage the notch formed in the
rear end of the pusher link 159 from the forward
end of the nush rod 51 thereby permitting this
rod to be moved forwardly to its inactive position
by the compression spring (58. Hence, the left
shift cluteh will be disengaged and the left shift
operation will be terminated.

In a similar manner the pusher link 155 for the
right shift control mechanism is adapted to be
disengaged from the push rod 155 by means of a
lifter arm 189 (Figs. 6 and 8) which is loosely
journalled on the shaft {858. As shown in Fig. 9,
the lifter arm 195 has integrally formed there-
with a rearwardly extending arm 200 which is
provided with a slot which embraces a pin 201
riveted on the forwardly extending arm of a lever
202 loosely journalled on the gate shaft 18, The
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lever 202 has a rearwardly extending arm which
carries a roll 203 which, as shown in Fig. 7, lies
above one end of a lever 204 which is pivoted at
205 on the lower end of a lever 206 pivoted at 287
on a plate 288 which is secured to the rear face
of the crossbar 56 by means of suitakle spacer
sleeves and screws. The lever 2668 has an up-
wardly extending arm which is provided with a
formed-over ear 289 lying bheneath an override
pawl 210 which is pivotally mounted at 21§ on
the shift rack {80. This pawl is normally main-
tained in the position shown in Fig. 7 by means
of a spring 212 which causes a shoulder formed
on the pawl to be heid against a stud 2i3 on the
shift rack {88. When the carriage reaches ifs
right end position, the shift pins {738 will engage
with a cam surface 2i4 formed on the pawl 2ig
and cause the pawl to be rocked clockwise as
viewed in Fig. 7 against the urgency of the spring
212, The lever 206 will thereby be rocked coun-
ter-clockwise against the urgency of a spring 216
and so cause the lever 204 to be moved toward
the right as viewed in Fig. 7. The lever 284 is
provided with a cam face 216 which lies beneath
a roll 217 mounted on the plate 288. IHence, when
the lever 204 is moved toward the right as viewed
in Pig. 7, it will be rocked clockwise thereby ele-
vating the rear end of the lever 282 so as to
cause the lifter arm 199 to be raised and the
pusher link 155 to be disengaged from the push
rod t56. This will effectively disapble the con-
trol exercised by the right shift key 23 over the
right shift clutch and permit the compression
spring (59 mounted on the forward end of the
push rod 156 to disengage the clutch and thereby
terminate the right shift operation.

The foregoing description of the carriage shilt
mechanism is believed sufficient for a clear un-
derstanding of the present invention and refer-
ence is made to Patent No. 2,380,642 for a more
detailed disclosure of this part of the machine.

Automatic division mechanism

As mentioned earlier herein, the machine shown
in the accompanying drawings is provided with
a mechanism for enabling a dividend set up on
the accumulator wheels 22 to be autcmadtically
divided by a divisor set up on the amount keys
29. The mechanism provided in the present ma-~
chine for accomplishing this purpose is similar to
that shown in Patent No. 2,327,981 hereinkefore
referred to and accordingly, oniy so much of the
automatic division mechanism will be described
herein as is necessary for a clear understanding
of the present invention.

The automatic division mechanism operates to
control the functioning of the machine so as to
cause the divisor to be repeatedly subtracted from
the dividend until an overdraft occurs in the ac-
cumulator, whereupon the overdraft will be cor-
rected and the carriage shifted one ordinal space
to the left whereupon the process will be repeaied.
The number of subtraction cycles efiected in each
order of the accumulator is registered in the rev-
olutions counter so as to provide a visual repre-
sentation of the quotient at the end of the prob-
lem. During division the machine is controlled
by & program control device which becomes ef-
fective each time an overdraft occurs in the ac-
cumulator to program the operation of the add-
subtract gears and the carriage shift mechanism
so as to cause a predetermined sequence of op-
erations to occur during uninterrupted cyclic op-
eration of the actuating mechanism of the ma-
chine. The division operation is initiated by the
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depression of a division key which causes the pro-
gram control device to be operatively connected
with the add-subtract gate and also with the
carriage shift mechanism and, in addition, ren-
ders the overdraft confrol mechanism effective
to control the cycling of the programming de-
vice.

As shown in Fig. 5, a division key 3§ is slidably
mounted on the control plate {27 by means of
slots in the key stem which cooperate with screws
secured to the control plate so as to guide the key
for vertical reciprocatory movement. 'The key
is normally urged to its raised position by means
of a suitable spring 22{ and is provided at its
lower end with an inclined cam face 222 which
bears against a roll 223 mounted on a division
slide 224. This slide is supported for endwise
shifting movement on the control plate {27 by
means of elongated slots in the slide which co-
operate with studs 225 secured to the control
plate. As shown in Fig. 10, the slide 224 is pro-
vided with a roll 228 which lies in front of a finger
227 formed on the upper end of a latch 228 piv-
otally mounted at 228 on the control plate {27.
The lateh 228 is urged to rotate in a counter-
clockwise direction by means of a spring 230 ten-
sioned between the lower end of the latch and a
stud 25§ mounted on the control plate so as to
normally maintain a shoulder 232 formed on the

latch beneath a stud 233 secured to the forward 3

end of a division setting actuator 234. The ac-
tuator 234 is pivotally mounted on the control
plate at 235 and is urged to rotate in a counter-
clockwise direction by means of a strong spring
23% which is tensioned between the actuator and
the stud 281. The stud 283 is thereby maintained
in engagement with the shoulder 232 of the latch
when the parts are in their normal positions.
However, when the division key 38 (Fig. 5) is de-
pressed, the cam face 222 will engage with the
roll 223 thereby moving the slide 224 rearwardly
so as to cause the roll 228 to engage with the fin-
ger 227 and rock the latch 228 clockwise so as
to remove the shoulder 232 from beneath the stud
233 of the actuator 234. The actuator will there-
upon be rocked counter-clockwise by the strong
spring 238 so as to cause setting of the division
control mechanism hereinafter to bé described.
The actuator 224 will be restored during cycling
of the machine by means of a roll 237 motnted on
the face of a gear 238 secured to the right-hand
end of the power shaft 718. The roll 237 is adapted
to engage an incliried cam face 239 forméd on an
upwardly extending arm of the actuator 2348 so
as to cause the actuator to be rocked clockwise
against the tension of the spring 236 when the
machine is cycled.

Lying beneath the forward end of the actuator
234 is a roll 248 (see also Fig. 5) which is mounted
on the lower end of a lihk 241 which is pivotally
connected at 242 to the forward end of a con-
necting Iever 243. This lever is pivotally mount-
ed on a stud 244 carried by a cam follower arm
245 which is pivotally mounted on the control
plate {27 at 246 and urged in & clockwise direc-
tion, as viewed in Fig. 5, by means of a spring
247. The arm 245 is provided with an aperture
within which is located an eccentric cam 259
mounted on a program control shaft 25i. As de-
scribed in the aforementioned Patent No. 2,327,-
681, this shaft forms an essential part of the pro-
gram controlling device and is rotated during
division operations to control the sétting of the
add-subtract gate and the operation of the éar-
riage shift wmiechanismi. These operdtions &dre
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performed in a predetermined seguence so as to
cause the machine to carry out a division oper-
ation during continuous cycling of the machine.

The lever 243 is provided on its rear end with
a bifurcation 252 for engaging with a stud 253
secured to the gate setting slide {32. Thus, when
the division key 3§ is depressed so as to release
the actuator 234 (Fig. 10) the roll 24% will be de-
pressed and the connecting lever 243 will ke
rocked clockwise as viewed in Fig. 5 50 as to cause
an inclined face 254 formed on the rear end of
the lever 243 to engage with the stud 253 and
cam the slide 132 forward so as to engage the
subtract gears 73 with the gears 74 on the shafts
76 and thereafter cause the stud 252 to become
eated in the bifurcation 252. The connecting
lever 243 thereby serves as a connection between
the follower arm 245 and the gate setting slide
f82 so that movements of the arm 245 will be
communicated to the slide for the purpose of con-
trolling the add-subtract gears during division
operations.

The connecting lever 243 is retained in its oper~
ated position throughout the division operation
by means of a half-round stud 288 mounted in
the rear end of the lever which is adapted to be
engaged by a latch 261 (see Fig. 3) pivotally
mounted on a stud 258 mounted on the right side
frame 52, The latch 281 is urged into latching
engagement with the stud 280 by means of a ten-
sion spring 282 so that when the lever 248 is
rocked counter-cicckwise, as viewed in Fig. 3,
the latch will engage beneath the stud 288 and
hold the connecting lever in its operated position

5 until the latch is released at the end of the di-

vision operation.

In order to initiate cycling of the machine dur-
Ing division operations, the link 241 Fig. 5) is
pivotally connected at its upper end to the rear
end of bellcrank lever 2863 which is pivotally
mounted on a screw 284 secured to the control
plate 127. This bellerank is provided with an up-~
standing arm 265 which lies in front of a stud 263
mounted on the cycle initiatirig slide {39, Hence,
when the link 241{ is depressed upon the release
of the actuator 234 (Fig, 10), the bellcrank 263
will be rocked counter-clockwise against the
urgency of a spring 287 thereky causing the slide
39 to be moved toward the rear of the machine
50 as to engage the clutch and close the motor
contact through the means previously described
in connection with the plus and minus keys.

Referring to Fig. 10 of the drawings, it will
be observed that the program control shaft 251
extends through the contro} blate {27 ang is pro-
vided on its right-hand end with g mutilated gear
218 which is adapted to he moved into and cut
of driving relationship with a larger mutilated
gear 27{ which is secured to g gear 272 journalied
on a screw 273 mounted in the control plate.
The gear 272 in turn meshes with the gear 238
secured on the right-hand end of the power shaft
78 so that when the clutch is engaged and the
shaft 76 rotated, the gear 238 will drive the gear
272 and the large mutilated gear £71¢. The small
mutilated gear 278 is riormally located out of the
plane of the gear 271 so that the program control
shait 281 is normally incperative. As shown in
IMig. 8, the shaft 25( is normally urged toward
the left as viewed from the front of the machine
by means of a spring 278 on the shaft 251 which
is compressed between a coliar on the shaft and
an arm 276 on a bracket 277 secured to the Cross-
bar 81. Hence, the gear 270 is urged to g DpOsi-
tion where it liés against the right-hand side of
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the control plate {27 with a notch formed in the
periphery of the gear engaged over a pin 278
mounted in the control plate. By means herein-
after to be described, the shaft 281 and gear 270
are shifted to the right at certain times during
a division operation so as to move the gear into
the plane of the large mutilated gear 274 so as
to establish & driving connection to the shaft 251
from the transverse power shait 78,

As seen in Fig. 10, the gear 278 has three
equally spaced sets of three teeth each which are
arranged to cooperate with a single set of three
teeth provided on the gear 271, As the latter
gear rotates in o counter-clockwise direction dur-
ing cycling of the machine its two teeth are so
positioned thereon as to engage with one of the
sets of three testh on the gear 279 just befere
the end of a machine cycle. Hence, when the
small mutilated gear is projected into the path
of the larger gear 2¥{ during the course of a divi-
sion operation, the gear 278 will he rotvated clock-
wise through one-third of a revelution at the
end of the instant cycle and also through one-
third of a revolution at the end of each of the
two next succeeding cycies, the gear and shaft
2581 being maintained in their right-hand posi-
ticns by the engagement of the pin 278 with the
left-hand face of the gear 270.

Referring to Fig, 5, the lever 243 bears a stud
288 which liss heneath a forward end of gn arm
2281 secured to a laterally extending shaft 282
(Fig. 8) which is journalled bhetween control
plate {27 and the left side frame 53 of the ma-
chine. Also secured to the shaft 282 at the left-
hangd side of the machine is an arm 283 (see also
Figs, 11 and 12) which is provided at its forward
end with a stud 28§ which engages in an elon-
gated slot provided in the lower end of an over-
draft control link 285. This link is pivoted at its
upper end on a stud 285 secured to a yoke 287
which is fastened on an extension 232 of the
highest corder tens-transfer detent pin 9i. As
mentioned esarlier herein, when a transfer is
effected from one order of the accumulator to
the next, the pin 84 will be moved forwardly as
an incident to the forward movement of the
transfer gear 85 for the purpose of placing this
gear in the path of the transfer actuating tooth
8%. Xence, when a transfer occurs which effects
2 forward movement of the left-most detent pin
8!, the extension 283 thereof will cause the link
285 to be movad ferward for a purpose to be here-
inafter described.

As shown in Fig. 11, the forward end of the
link 285 is normally held in its depressed or in-
active position by a spring 289, but upon depres-
sion ¢f the division key and rocking of the con-
necting lever 243, the shaft 282 will be rocked
clockwise as viewed in Pig. 11 thereby causing
the pin 284 to lift the forward end of the link
235 so that it will lie directly behind a division
control flag 298 which is pivotally mounted on
the control shaft 254. Hence, when the link 285
is moved forward as a result of the forward
movement of the left-most detent pin 91, the
flag will be rocked clockwise as viewed in Fig, 11
against the urgency of a spring 291 (see Fig. 8)
50 as to move an upwardly extending finger 292
on the flag infto the plane of a pin 293 carried
by a cylinder 294 which is mounted on the left-
most actuator shaft 68. Hence, as the shaft 65
rotates, the pin 293 will engage the finger 292
and displace the flag to the right as viewed in
Fig. 8. Inasmuch as the flag is prevented from
moving laterally on the shaft 251 by means of
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a collar 295 and a cam 296 which are pinned to
the shaft 251, this shaft and the small mutilated
gear 2710 will likewise be displaced to the right
so as to bring the gear into the plane of the
larger gear 271. Thus, the shaft 25 and the
cam 250 (Fig. 5) will he given three steps of
movement during the next three cycles of the
machine, after which, the gear 270 will drop
back over the pin 278 to its inactive position.
In the meantime, the overdraft control link 235
will be moved rearwardly so as to release the flag
290 due to the restoration of the detent pin 9i
by the restoring cam 8§0.

When the cam 253 (Fig. 5) occupies the posi-
tion marked A, which is the position of the cam
when the notch in the small mutilated gear 273
engages with the pin 218, the connecting lever
243 will be so positioned as to hold the gate
setting slide 122 in its forward position so as to
cause the subtract gears 73 to engage with the
gears 14 on the numeral wheel shafts 75. The
machine will therefore be set for subtraction and
the value of the divisor set up on the amount keys
29 will be subtracted from the accumulator
wheels 22 each time the machine makes cne cycle
of operation. At the end of the cycle in which
an overdraft occurs in the accumulator, the shaft
251 will be displaced toward the right under the
control of the transfer mechanism as described
akove thereby causing the shaft to be rotated
counterclockwise to the position marked B
whereupon the cam 250 will rock the follower
arm 245 counter-clockwise (Fig. 5) thereby mov-
ing the connecting lever 243 toward the rear of
the machine so as to cause the add gears 12 to
be moved into mesh with the gears 74. There-
fore, during the following cycle of operation of
the machine, the divisor will be added back into
the accumulator so as to correct the overdraft
and ab the end of this ¢ycle the program control
shaft will be rotated through another 120 degrees
to the position marked C thereby moving the
arm 245 to an intermediate position where the
add-subtract gears 12, 73 will be held out of en-
gagement with the gears 74 preparatory o a
carriage shifting operation. The arm 245 is ar-
ranged to be yieldably maintained in this inter-
mediate position by means of a spring-urged
centralizer arm 297 provided with a V-shaped
nose which is adapted to engage in a correspond-
ing notch provided in the upper edge of the arm
245,

In order to cause the carriage to be shifted
one ordinal position to the left during the ma-
chine cycle following movement of the shaft 251
to position C, a cam 298 (Figs. 8 and 9) is se-
cured to the shaft 251, this cam being provided
with a node 269. When the shaft 25 is moved
toward the right by the action of the pin 293 on
the flag 298, the node 299 on the cam 288 is
moved toward a follower arm 388 which is se-
cured to a. hub 301 (Fig. 8) pinned to a transverse
shaft 302. This shaft is journalled at its right-
hand end in the right side frame 52 and at its
left-hand end in the arm 27§ of the bracket 277
and is arranged to receive axial shifting move-
ments as will subsequently be explained. The
hub 301 is provided with a flange 363 which, to-
gether with the follower arm 388, provides an
annular groove for receiving a finger 364 pro-
vided on a bellcrank lever 335 (Fig. 9). This
lever is pivotally mounted on g stud 386 mount-
ed in a bracket 307 which is fastened to the
right side frame 52. The bellerank lever is pro-
vided with a forwardly directed arm 308 which
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lies over the left-hand end of the stud 288 car-
ried by the lever 243, Hence, when the lever 243
is roeked clockwise as viewed in Fig. 5, the stud
280 will cause the arm 338 to be lifted and there-
by rotate the bellcrank 305 counter-clockwise
as viewed from the front of the machine so as
to move the shaft 302 and the follower arm 38%
to the left against the opposition of a compres-
sion spring 388 mounted on the shaft 362 at the
left-hand end thereof (see Fig. 8). This left-
hand movement of the follower arm 308 is suf-
ficient to bring the arm into the plane of the
node 299 when the shaft 25 occupies its active
or right-hand position. The node 299 is so loeated
on the cam 298 as to cause the follower arm 308
to be rocked counter-clockwise as viewed in Fig.
9 and held in this position when the cam 250
(Pig. 5) occupies the position marked C.
Through means later to be described, this rock-
ing movement of the arm 389 and shaft 302 will
cause the left shift clutch to be engaged and
thereby cause the carriage to be moved one or-
dinal space to the left. At the end of the shift
cycle, the cam 250 will be moved from position
C to position A so as to again cause the sub-
tract gears T3 to be engaged with the gears 74
and once again cause the divisor to be subtracted
from the dividend. When the cam 250 and shaft
254 reach the position marked A the notch in the
small mutilated gear will again register with the
pin 278 and permit the gear and the shaft to be
moved toward the left under the influence of the
compression spring 27% (Fig. 8) thereby termi-
nating the operation of the program control
shaft 25§ until the repeated subtraction of the
divisor once again causes an overdraft in the
accumulator whereupon the program control
mechanism will once again be set into operation
50 as to cause the above-described sequence of
operations of the machine.

The calculating machine is provided with a
counter reversing key 38 (Fig. 10) which lies im-~
mediately adjacent to the division key 28 and is
normally depressed along with this key when a
division operation is initiated. Depression of the
key 33 causes the revolutions counter to be op-
erated in a reverse or negative direction thereby
causing the subtraction cycles, occurring guring
a division cperation, to be counted in a positive
sense. The mechanisin for accomplishing this
result is indicated generally at 36 and for a
complete disclosure of this particular part of the
machine attention is invited to U, 8. Patent No.
2,284,111, granted to Carl 1. F. Friden on August
25, 1942,

In division operations it is necessary that the
divisor set up on the amount keys 29 be per-
mitted to remain undisturbed throughout the di-
vision operation. As mentioned earlier herein,
the present machine is provided with an add key
34 which, when depressed, will cause the amount
keys to be released at the end of a cycle of
machine operation:. In order to prevent this ac-
tion from ocecurring during a division operation,
means is provided for disabling the operation of
the key release mechanism during division opera~
tions even though the add key be depressed. For
this purpose, the upwardly extending arm 285
(Fig. 5) of the bellcrank lever 283 is provided
with an inclined cam face 37 which lies be-
neath a pin $18 (see also Fig. 3) mounted on the
rear end of a lever 318 which is pivotally mounted
on a stud 328 secured to the right side frame
52, At its forward end the lever 219 is provided
with a stud 821 which lies above an arm 322 piv-
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oted on a transverse shaft 323. The arm 322 in
turn lies over a stud 324 which is secured to an
arm 325 pivoted on a stud 326 which is secured to
an arin 327 pivotally mounted on the stud 220.
The arm 325 is provided at its forward end with
a lip 828 which lies in front of a projection 329
formed on a clear bail 330 (see Fig. 4) pivotally
mounted in the machine frame at 831. Asgis well-
known, when the clear bail 232 is rocked counter-
clockwise as viewed in Fig. 4 toward the end of
the machine cycle, any depressed amount keys
will thereby be released. This rocking move-
ment of the clear bail 338 is normally caused by
engagement of the lip 328 with the extension 329
cf the bail. However, in division operations when
the bellcrank 283 (Fig. 5) is rocked counter-
clockwise the inclined cam face 8i7T will cam up
the stud 318 thereby rocking the lever 319 counter-
clockwise as viewed in Fig. 3 so as to depress the
arm 222 and also the arm 325 so0 as to move the
lip 328 into a position where it lies below the
projection 329 and is incapable of operating the
same.

Por the purpose of operating the arm 225, the
arm 327 is rocked counter-clockwise as viewed in
Pig. 3 by means of a stud 332 thereon (see also
Fig. 4) which is adapted to be engaged by a hook:
338 formed on the forward end of a key release
link 384 which is pivoted at its rear end to the
upper end of a2 lever 335 which is pivotally
meunted in the framework of the machine at 336.
The lower end of the lever 335 is provided with a
cam face which is adapted to be engaged by a pin
337 mounted on the right-hand side of a drum
cam 338 (see also Fig. 6) mounted on the trans-
verse power shaft 8. HEence, when the add key
84 is depressed, a stud 328 thereon will earry the
forward end of the link 334 downwardly so as to
engage the hook 333 with the stud 232 and st the
same tilme permit a spring 342 to rock the cam
face on the lever 235 into the path of the stud
387 zo that the link 224 will be moved rearwardly
toward the end of the machine cycle. The arm
327 will thereby be rocked counter-clockwise as
viewed in Fig, 3 so as to move the arm 325 rear-
wardly and cause the key release bail 338 to be
rocked and the amount keys to be released. As
explained above, however, during division opera-
tions, the lip 328 will be lowered out of coopera-
tive relationship with the extension 328 on the
bail 338 thereby preventing the divisor from being
cleared out of the keyboard even though the add
key 34 is depressed.

The divisor will, however, be cleared from the
keyboard on the last cyele of the division opera-
ticn due to the fact that the connecting lever 243
(Fig. BY will be released from the latch 25{ (Fig.
3) in the early part of this last cycle thereby
causing the pin 348 (Fig. 5) to be released and the
arm 318 to be restored to the position shown in
Pig. 3 by means of a spring 341 tensioned between
the stud 324 and a stud on the side frame 52.
Henece, the lip 828 will be returned to its effective
position as shown in Fig. 3 and the keyboard will
therefore be cleared near the-end of the last cycle
of a division operation.

Division stop

It is sometimes desirable to stop the automatic
operation of the machine before the end of a di-
vision problem. and for this purpose a division
stop lever 380 (Fig. 3) is provided. This lever is
pivotally mounted on a screw 35¢ secured to the
right side frame 52 and is provided with a knob by
means  of which it may be moved forward or
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backward in the machine. The lever is yieldably
held in either a normal position (as shown in Fig.
3) or in a forward position by means of a spring-
urged detent lever 353 which engages with one or
the other of a pair of notches formed in the lever
350. The lever 3%3 is provided on its rear end
with a camming nese 354 which lies immediately
above an ear 383 formed on the latch 251, Hence,
when the operator moves the lever §80 rearwardly,
the nose 354 will engage the ear 355 and rock
the latch 261 counter-clockwise so as to cause
release of the pin 260. The connecting lever 243
will thereby be vermitted to drop under the in-
fluence of the spring 267 (Fig. 5) and so bring
the machine to a stop at the end of the cycle dur-
ing which the lever 350 was operated. ITowever,
when it is desired to terminate the division op-
eration with a true quotient figure appearing in
the counter wheels, the lever 359 is moved for-
wardly from the position shown in Fig. 3 so as
to move the rear end of an arm 357 into engage-
ment with the forward edge of the ear 356. The
arm 357 is pivoted on the screw 351 and is urged
counter-cloekwise by means of a spring 358
stretched between an ear 359 forined on the lower
edge of the arm 357 and an ear formed on the
upper edge of the lever 350. Counter-clockwise
movement of the arm 357 is normally limited by
engagement of the ear 359 with the lower edge of
the lever 350 as illustrated in Fig. 3. Hence, when
the lever 2358 is rocked counter-clockwise the rear
end of the arm 287 will engage with the underside
of the ear 3585 on the latch 281 and upon further
movement of the lever 358 will cause stretching of
the spring 358. The spring-urged detent 353 will
maintain the lever 358 in its forward position
until just prior to stoppage of the machine at
which time the lever will be restored to its normal
position, as shown in Fig. 3, by a restoring lever
343 pivoted on a stud 2344 secured to the right
side frame 52. This lever is provided with a
formed-over ear 345 which lies in the path of a
restoring cam 346 secured to the program con-
trol shaft 25i. The positioning of the parts is
such that the cam will engage the ear and rock
the lever during the last 120 degrees of movement
of the shaft 2B, i. e., as the shaft moves from
Cte A (Fig. B). The lever 343 is provided with a
forwardly extending arm 347 which lies over an
ear 348 formed on the rear end of the stop lever
358. Hence, when the lever 343 is rocked by the
cam 348 at the end of the shift cycle, the arm 347
will contact the ear 348 and restore the stop lever
to its normal position.

When the connecting lever 243 is moved rear-
wardly at the end of the cycle in which an over-
draft occurs, the latch 261 will be rotated counter-
clockwise due to the rearward travel of the stud
260 whereupon a shoulder 288 on the arm 357 will
be moved up in front of the ear 355 due to the ac-
tion of the spring 358. Hence, when the connect~
ing lever 243 is moved forwardly at the end of the
add-back cycle preparatory to the shifting of the
carriage in the next cycle, the stud 289 will be
pulled off of the lateh 261 and the lever 243 per-
mitted to drop so as to cause the division opera-
tion to be terminated at the end of the shift
cycle.

Inasmuch as it is ordinarily desirable to permit
the setting of the divisor to remain on the key-
board at the conclusion of a division operation
which has besn terminated by means of the di-
vision stop lever 382 means is provided for pre-
venting the release of the amount keys when this
lever is manipulated. As shown in Fig. 4, the
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lever 350 carries a pin 365 which passes through
an aperture provided in the side frame 52 and is
received within a curved slot provided in the rear
end of a lever 366 pivotally mounted on a stud 367
fastened to the side frame §2. On its forward end
the lever 366 is provided with a bent-over ear 368
which lies beneath a shoulder 358 formed on an
arm 378 which is freely pivoted on the stud 336.
The forward end of the arm 310 is provided with
a finger 371 which overlies the rear end of a
lever 372 pivoted on a screw 313 fastened to the
side frame %2. 'The lever 372 is provided at its
forward end with a stud 374 which lies beneath
the rear end of the lever 319 as shown in Fig. 3.
The shape of the curved slot provided in the
lever 366 is such that this lever will be rocked
counter-clockwise as viewed in Fig. 4 on move-
ment of the lever 350 in either direction from its
normal position. Hence, whenever this lever is
manipulated to stop & division operation, the
arm 370 will be rocked clockwise and thereby
cause counter-clockwise movement of the lever
312. Hence, the stud 374 will lift the rear end
of the lever 319 (Fig. 3) and thereby cause the
lip 328 to be moved downwardly to a position
where it will pass beneath the extension 329 on
the clear bail when the arm 327 is rocked near
the end of the machine cycle. Hence, the amount
keys will not be released at the end of the cycle
in which the connecting lever 243 is released and
the divisor will remain set on the keyboard ready
for a continuation of the division operation if
such should be desirable.

Since the stop lever 358 is not arranged to be
held in its rearward position by means of the
spring-urged detent lever 353 means must be pro-
vided for holding the arm 370 (Fig. 4) in its
rocked position after the lever 356 has been
moved toward the rear and then released. This
is accomplished by means of a latch lever 315
which is pivoted on the stud 367 and is provided
with a latching shoulder 316 which is urged by a
spring 318 toward engagement with an ear 317 on
the arm 379. When the arm 318 is rocked, the
shoulder 276 will move behind the ear 377 and the
arm will thus be held in its clockwise position so
as to prevent the release of the amount keys.
At the end of the machine cycle the rear end
of the key release link 334 will engage with an
ear 37¢ formed on the latch lever 875 and dis-
engage the same from the arm 370 so as to per-
mit the arm to be restored to the position shown
In Fig. 4 under the influence of the spring 318.

Inasmuch as the stop lever 350 will be held in
its forward or true quotient position by means
of the spring-urged detent 353, the operation of
the latch lever 375 is unnecessary in order to in-
sure that the keys will not be released at the
end of the cycle of operation and accordingly,
the latch lever 315 is arranged to be disabled
when the lever is pulled forwardly. This is ac-
complished by means of a finger 388 formed on
the rear end of the lever 375 which is adapted to
be engaged by the pin 365 when the lever 350 is
moved forwardly so as to rock the lever 315
counter-clockwise thereby rendering it inef-
fective.

In case the division operation is permitted to
proceed to its final conclusion, the machine will
ke stopped by means of a pawl 349 (Fig. 3) lo-
cated on the right-hand end of the carriage

‘which will move behind a finger 385 on the latch

281 when the connecting lever 243 moves rear-
wardly for the add-back cycle and thus cause
the pin 260 to be pulled off of the latch when the
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lever 243 moves forwardly for the shift cycle of
the division operation. This mechanism is con-
ventional and is fully shown and described in
afore-menticned Patent No. 2,327,981.

Automatic division aligner

Division operations are normally performed on
the present machine by setting up the dividend
on the keys 29 and then depressing the dividend
tab key Bi. The carriage will thereupon shift
to its left-end position where the accumulator
and revolutions counter will be reset to zerp after
which the carriage will be shifted toward the
right until it reaches the position selected by a
depressed tab key §5. The carriage will then
come to rest and the dividend will be entered
automatically into the accumulator wheels 22,
after which operation the machine will come to
rest. Following the entry of the dividend as
above described, the divisor will be set up on the
amount keys and the division key 38 depressed
50 as to initiate an automatic division operation.
The mechanism employed in the present machine
for automatically aligning the dividend and di-

visor preparatory to a division operation will be

rendered operative by depression of the division
key 28 so as to properly align the factors prior to
the division operation per se. The dividend can,
of course, be entered into the accumulator wheels

22 in other ways rather than through the use of sy

the dividend tab key 51. For example, the wheels
22 may be positioned manually in accordance
with the value of the dividend factor by means
of the twirler knobs 386 or the dividend figure

may be the result of the multiplication of two :

Humbers, which product is to be divided by a
third number.
has been entered into the accumulator, it is only
necessary for the operator to set up the divisor
on the keyboard and depress the division key
whereupon the hereinafter to be described align-
ing mechanism will cause shifting of the carriage
until the two factors of the problem are brought
into proper alignment after which 2 conven-
tional automatic division operation will auto-
matically commence. In machines- incorporat-
ing the present invention it is no longer necessary
for the operator to determine by inspection
whether the factors are in proper alisnment and,

if misaligned, fo bring them into alignment by <3

operating the shift keys 27 or 28 before depress-
ing the division key.

Referring now to Pig. 8 of the drawings, it will
be recalled that upon depression of the division
key the shaft 352 is shifted axially to the left
against the force of the spring 309 and also that
the shaft 382 is rocked clockwise as viewed from
the right-hand side of the machine on each shift
cycle of the automatic division operation. Se-
cured to the shaft 392 is a male driving element
389 which is provided with teeth engaging with
& driven element 38{ which is secured to the left-
hand end of a slesve 362 loosely journalled on the
sheft 382, The sleeve 892 is urged toward the
right by means of a compression spring 393 but is
restrained against such movement by means of a
palr of latches 294, 885 (see also Fig. 14) which
are pivotally mounted on a screw 298 (Pig, '8)
which is fastened to a formed-over ear provided
on an arm 337 secured to the clutch element 398,
The latches 324, 3¢5 are provided with latching
shoulders 388 which are urged into engagement
with an-abutment face 359 (Fig. 14) provided on
a left shift arm 498 by means of appropriate
springs 401 and 462 tensioned hetweén the latches
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and-an extension formed on the arm 397. As
shown in Fig. 8, the left shift arm 409 is secured
to the left-hand end of the sleeve 292 while a
right shift arm 403, similar to the arm 499, is
secured to the right-hand end of the sleeve 382.
As shown in Figs. 8 and 14, the rear ends of the
arm 489 and 488 are provided with pressure faces
which are adapted to engage with corresponding
faces provided on ears 484 and 485 formed con the
shifting forks 168 and (8{, respectively. When
the machine is at rest, the arm 480 is in align-
ment with the ear 484 while the arm £63 lies to
the right of the ear 485 and is, therefore, in an
inoperative position with respect to the shifting
fork i8f which controls the right shift clutch of
the machine. However, when the division key
is depressed and the shaft 282 shifted toward the
left, the arm 488 will be brought into aligsnment
with the ear 495 so as to be in a position to con-
trol engagement of the right shift clutch while
the arm 408 is moved out of alignment with the
ear 484 so as to prevent operation of the left shift
clutch. Hence, when the program control mech-
anism is rendered active so as to control the add-
shift-subtract sequence of operations of the ma-
chine, the right shift clutch will be engaged upon
rocking of the shaft 382 at the beginning of the
shift eycle and cause the carriage 21 to be shifted
one ordinal space to the right. At the conclusion
of the shift cycle, the node 293 (Fig. 9) on the
cam 288 will move from beneath the follower arm
300 and a spring 388 (Pig. 14) attached to the
bottom of the left shift arm 468 will restore the
shift arms and the shaft 363 to their normal posi-
tions where an abutment face 288 formed on the
shifter arms will lie against the rear face of the
supporting bar 92,

In order to cause repeated cyeling of the pro-
gram control shaft 25! during the automatic

¢t aligning operation a slide 486 is mounted for

lateral sliding movement on the bracket 277, As
shown in Fig. 8, the arm 276 of the bracket is
provided with a formed-over ear 487 which car-
ries a screw 488 (Fig. 7) which engages with an
elongated slot provided in the slide 488. The
bracket 217 is also provided with an arm 408 (Fig.
8) having a bent-over ear £{8 which carries a
screw &{{ (Fig. 7) which is received in a second
slot provided in the slide 488 whereby the slide is
guided for transverse shifting movements within
the machine. On its right-hand end the slide is
notched as shown in 412, which notch engages
with the edge of the left shift arm 488 (see also
Fig, 14). On its left-hand end the slide 488 is

> provided with an inclined camming face 41(8

which overlies a tail 414 provided on the flag 268.
Hence, when the sleeve 392 is shifted to the left
along with the shaft 302 at the beginning of a
division operation, the slide 486 will likewise be

i shifted to the left and the tail 414 will be cammed

downwardly so as to rock the finger 292 on the
flag into alignment with the pin 283 (Fig. 11) so
as to. cause the control shaft 25¢ to be shifted
toward the right and thereby rendered operative.
Inasmuch as the flag 298 is held in its rocked or
active position by the slide 488, the program con-
trol shaft 25! will be repeatedly cycled and
thereby cause a one step shifting movement of the
carriage to the right for every three cycles of the
machine. This shifting of the carriage to the
right will be continued uxitil both of the latches
394 .and 395 have been tripped by mechanism -
hereinafter to be described so as to release the
sleeve 382 to the action of its spring 393 where-
upon the left~-hand shifter arm will move into
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alignment with the ear 404 on the shift fork 160
so as to cause the left shift cluich to be engaged
each time the shaft 302 is rocked. At the same
time, the slide 488 will be moved toward the right
s0 as to release the tail £14 of the flag and thereby
permit the flag to ke once again placed under
the confrol of ‘the overdraft conirol link 2835.
Hence, once the latches 894 ang 285 have been
operated so as to release the sleeve 392, the pro-
gram control mechanism will function in ifs nor-
mal manner to bring about an automatic division
operation and cause the dividend to be divided by
the divisor in the conventional way.

As shown in Figs. 8, 11 and 12, the shaft 282
has secured thereto an arm 415 which bears a
stud 418 underlying an arm 4471 which is pivoted
on a stud 4{8 secured to the left side frame 53.
The arm 417 has integrally formed thereon a
downwardly extending arm 219 provided with a
bent-over ear 420, Also freely pivoted on the
stud 418 is a lever having a downwardly extend-
ing arm 42! on which is formed an ear 422 which
is yieldably connected with the ear £33 by means
of a spring 422, The upper end of this lever is
provided with a bifurcation 424 and also with a
rearwardly extending finger 425 which lies bhe-
neath the cam 298 mounted on the left-hand end
of the control shaft 251. Hence, when the shaft
282 is rocked clockwise as viewed in Fig. 11 at the
beginning of a division operation, the arm £17
will be elevated by the stud 418 sc as tc move the
ear 420 away from the rear edge of the arm #324
thereby tensioning the spring 422 and urging the
finger 425 into engagement with the underside of
the cam 2928 as shown in Fig. 12. The cam 298
is provided with a flat face 426 which lies parailel
with the upper edge of the finger 425 when the
shaft 281 is rotated to its carriage shift position.
Hence, at the beginning of a carriage shift cycle
the spring 423 will rock the arm 42{ counter-
clockwise as viewed in Fig. 11 so as to move a pin
427 mounted on the lower end of a lever 438 to-
ward the front of the machine.

The lever 428 is pivotally mounted on a stud
429 secured to the left side frame 52 and at its
upper end is provided with a sensing finger 439
(see also Fig. 13) which is adapted to cooperate
with sensing slides 23! which are mounted for
longitudinal sliding movement in the carriage 214.
As better shown in Pig. 13, each slide is provided
at its forward end with an enlarged head 432
which Is guided for sliding movement in o suit-
able slet provided in the channel bar 22 extend-
ing across the front of the carriaze. Af its rear
end each slide is provided with an eiongated slot
424 which engages with a screw 425 fastened in
the framework of the carriage and thereby serves
to guide the rear end of the slide 434, The slides
431 are rrovided with a serieg of laterally extend-
ing arms 438 which are arranged in overlanping
relationship wherehy whenever any slide 421 is
held in its forward position it will also hold for-
ward all slides to the right of it. Fach slide 421!
is provided at its reav end with a V-shapad nose
437 which is adapted o ecoonerate with 5 zero cam
423 previded on each of the numers] wheel shafts
15. Each of the cams 428 is provided with 2 zero

LX)
notch 439 so that whenever any of the numersl
wheels are located in their zero positions the
noich 438 therein will lis in line with the nose
437 on itg related sensing slide 431. In any cther
position of the numeral wheel, howevar, the nose
437 will lie adiacent to an unhroken portion of the
periphery of the cam 428 and therehy be blocked
from rearward movement, Hence, when the
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lower end of the lever 428 is urged forwardly by
the spring 423, as previously described, the upper
end of the lever will be urged rearwardly so as to
cause the sensing finger 438 to press against the
forward end of the sensing slide 431 aligned
therewith. If the wheel being sensed, or any of
the wheels to the left of the wheel being sensed,
contains & figure other than zero, the sensing

“finger will he unable fo push its related slide 431

rearwardly and will thereby be blocked against
rearward movement. However, when the slide
being sensed by the finger 430 lies opposite a
notch 428 and 2all of the higher order slides like-
wise lie opposite notches 439, the sensing finger
will be moved rearwardly by the spring 423 during
the shift cycle thereby allowing the lower end of
the arm 421 (Figs. 11 and 12) to move toward the
rear of the machine.

Pivotally connected to the bottom cf the arm
421 is g link 450 which at its opposite end is pivot-
ally connected to an arm 451 formed on a hail
452 (see also Pigs. 7, 8 and 14) which is freely
pivoted on the shaft 282. This bail is provided
at its right-hand end with a finger 252 (Figs. 8
and 14) the upper end of which lies behind the
left-hand end of the Iatch 895. Hence, when the
link 458 is moved rearwardly by the arm 421, the
bail 452 will be rocked counter-clockwise, as
viewed in Fig. 14, thereby rocking the latch 395
counter-clockwise as viewed in Pig. 8 so as to re-
lease the shifter arm assembly from restraint by
the latch 355. The latch 395 is somewhat shorter
than the latch 234, that is, the distance between
the latching face 388 and the pivet serew 398 is
slightly smaller in the case of this latch than in
the case of the upper latch 394. Conseguently,
when the latch 395 is removed, the spring 393 will
cause the sleeve 392 and shift arms 480 and 403
secured therete to escape slightly to the right, as
viewed in Fig. 8, until it contacts the latching face
293 of the longer latch 394. Consequently, once

the sensing mechanism for the numeral wheal

22 has sensed zeros in the order being sensad by
the finger 438 and all higher orders, the shifter
arms and sleeve 352 will be permitted to escaps
slightly to the right so as to thereafter be under
the control of the longer lateh 284 alone.

The latch 394 is adapted to be released under
the control of the highest order transfer pin 91.
For this purpose the overdraft control link 285
(Figs, 11 and 12) carries a stud 454 which lies
sbove an arm 455 formed on the left-hand end
of 2 bail 485 which, like the bail 452, is pivoted
on the shaft 282, The arm 455 is provided with
a nose 457 which is adapted to be engaged by
the pin 454 when the link 285 is moved forwardly
in response to a tens-transfer affecting the high-
est order transfer pin 91. The arm 455 will there-
by be rocked counter-clockwise as viewed in Figs.
11 and 14. At its right-hand end the bail 255 is
provided with a finger 4588 which lies bzhind a
small angle bracket 461 secured to the left-hand
end of the long latch 3%94. The bracket 451 pre-
venis the upper end of the finger 450 from he-
cormring disengaged from the latch during clock-
wise rocking movements of the shaft 382. When
a transfer oceurs which affects the highest order
pin 91, the finger 460 will be moved forward so
as to rock the long latch 394 counter-clockwise
as viewed in Pig. 8 thereby releasing the sleeve
392 and the shift arms 408 and 403 to the in-
fluence of the spring 393 which will thereupon
shift the assembly to the right so as to bring the
arm 400 into line with the ear 404 on the left
shift fork 160. This will effectively reverse the
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direction of carriage shift under the control of
the program control mechanism and at the same
time will cause the slide 4686 to release the tail
412 on the flag 298 so as to enable the flag to
be controlled by the overdraft control link 283
as in a normal division operation. The division
operation will continue in a normal manner until
stopped by manipulation of the stop lever 358
or until the carriage reaches its extreme left-
hand position where the pawl 348 on the carriage
will cause the latch 261 to be disabled. In either
event, upon termination of the division opera-
tion the connecting lever 243 will be permitted
to drop thereby releasing the bellerank 365 (Fig.
9) and permitting the shaft 392 to be restored
toward the right by means of the compression
spring 388 (Fig. 8). Inasmuch as the slide 485
was previously moved toward the right by the
spring 393, and since further movement of the
slide in this direction is prevented by the screws
408 and 41! (Fig. 7) engaging with the ends of
the slots in the slide, the sleeve 382 will be pre-
vented from partaking of any further movement
toward the right so that the spring 3689 which is
stronger than the spring 383 will compress the
latter spring and cause the latches 394 and 395
to once again become engaged with the latching
face 399 (Fig. 14) preparatory to another di-
vision operation.

In connection with the mechanism just de-
scribed, it will be noted that the latches 894 and
398 must be released in g predetermined sequence
in order to permit shifting of the sleeve 382 so
as to change the setting of the shift mechanisin
from right shift to left shift. In other words,
the long latch 3%4% may be repeatedly. released
by the finger 488 with no effect unless the short

“lateh 395 has been previously released. In this
case, the -long latch will be moved back intc
latching position by its spring 40{ when the
finger 488 moves away from the latch upon
restoration of the transfer pin 8{. However,
after the carriage has been shifted to a position
where only zeros are sensed by the finger £30, the
short latch 295 will be released at the beginning
of the shift cycle and the shifter arm assembly
will escape slightly to the right until ecaught by
the long latch 384, 'The short latch cannot there-
after re-engage with the latching face 399 (Fig.
14) and will remain disabled for the rest of the
operation. Consequently, when the highest order
transfer pin 91 moves forward as the result of
an overdraft in the accumulator, the long latch
384 will be released and the shift arm assembly
will be permitied to compiete its right-shift shift-
ing movement so as to condition the machine for
division.

As shown in Fig. 13, the sensing finger 438
senses the accumulator wheel located in the 11th
order of the machine. Since the wheel in the
11th order and all higher order wheels must stand
at zero in order to enable the short latech 395

to be disabled at the beginning of the shift cycle,

and since the highest order transfer pin §{ lies
between the 11th and 12th orders of the machine,
the effectual release of the sleeve 392 by the long
latch 3%4 can only occur as the result of a true
overdraft in" the accumulator, i. e., an opera-
tion in which the wheels 22 in the ilth and all
higher orders move from 0 to 9.

In order to insure that the sensing finger (Fig.
13) is permitted to move rearwardly and thereby
trip the short latch 395 when the carriage is in
its extreme right-hand position, the sensing slide
434 associated with the leftmost numeral wheel

(4

10

25

30

46

65

70

75

- nosition.

24

22 is provided with a shortened head 465. Hence,
when the carriage has been shifted all the way
to the right, the sensing finger will be moved to
the rear by the spring 423 during the shift cycle
regardless of whether or not a significant digit
appears in the leftmost numeral whee] 22. The
leftmost siide 431 is provided with a laterally
extending arm 456 which overlies the arm 435 on
the adjacent slide 431 so that unless a zero stands
in the highest order wheel 22 all of the lower
order slides 431 will be held in their forward
positions.

It will also be noted in Fig. 13 that a fixed, or
dummy head 467 is secured to the rail 433 at the
right end of the series of sensing slides 631.
When the carriage is in its extreme left-hand
position, the head 467 will lic immediately behind
the sensing finger 430 and so prevent the short
latch from being disabled when the carriage is in
this position.

Means must also be provided for causing the
long latch 3%4 to always be released when the
carriage has reached its extreme - right-hand
position regardliess of whether an overdraft has
occurred in the accumulator or not. Otherwise,
under certain conditions, an overdraft might not
result during a subtraction eycle of the machine
during the factor alignment phase of the division
cperation and, since a subtraction cycle is fol-
lowed by an add-back cycle, an overdraft could
never occur with the carriage in this position.
Consequently, the long latch 384 would never be
reieased and the machine would continue to cycle
indefinitely with the carriage in its rightmost
In order to prevent this contingency
irom ever occurring, means is provided for trip-
ping the long latch during a carriage shifting op-
eration with the carriage in its extreme right-
hand position. As shown in Fig. 14, the bail 458
is provided with an upstanding finger 47% which
Yes in front of a finger 47§ provided on g lever
472 pivoted at 478 on an extension 474 of the
plate 288. The lever 472 is also provided with
a rearwardly extending arm 475 which carries a

5 roll 478 which lies beneath the left-hand end

of the lever 204 (Fig, 7). Consequently, when
the lever 284 is shifted toward the l&fi as a re-
sult of an operation of the override pawl 248, the
left-hand end of the lever 284 will be foreed

- downwardly due to the cooperation of the roll 247

with the inclined cam face 248 and thereby cause
the lever 472 to be rocked clockwise as viewed
in Fig. 14, The finger 47! will thereby act on the
tail 478 to rock the finger 438 forwardly and eduse

+ the long latch 885 to be released.

Since this release of the long latch by the lever
472 occurs during a shift cycle in which the
right shift arm 403 is engaged with the ear 465
of the right shift fork 481 (®iz. 8) and since the
frictional engagement of the rear end of the arm
£083 with the ear 285 creates sufficient drag fo
prevent spring 383 from shifting the sleeve 292
and the shift arms to the right against the force
of this drag, it is necessary to provide means for
maintaining the long latch disabled untii after
the. end of the shift cycle when the shift arm
408 has been restored so as to eliminate the
aforementioned drag. The shift arm assembly
will then be free to escarve to the right under the
influence of the spring 93.

This-is accomplished in the present instance
by means of a latch 489 (Fig. 14) which is pivot-
aily mounted on a stud 48{ which is secured to a
bracket 482 mounted on the rearward face of the
bail 852. The latch 488 is connected by a spring
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483 with the arm 4TI of the lever 472 so as to
normally maintain a finger 484 provided on the
latch 480 in engagement with the upper edge of
the bail 452. When the bail 452 is rocked
counter-clockwise during the shift cycle due to
the shortened head 485 (Fig. 13) lying behind the
sensing finger 438, a laiching nose 485 provided
on the latch 4289 will be brought into engagement

with the underside of a square stud 486 mounted

on the lower end of an arm 487 formed integrally
with the lever 472, Consequently, when the lever
472 is rocked clockwise during the shift cycle,
the square stud 486 will be moved forward there-
by permitting the nose 485 to move up behind the
stud 488 under the influence of the spring 483
which was tensioned during the rocking move-
ment of the bail 452. Consequently, when the
lever 204 (Fig. 7) is returned toward the right
upon restoration of the override pawl 2i0 prior
to the end of the shift cycle, the lever 412 will
be held in its rocked position by means of the
latch 488 and the long latch 394 will be held dis-
abled. This condition will be maintained until
the end of the shift cycle when the flat-sided cam
286 on the control shaft 251 will be rotated to the
position shown in Fig. 12. 'This will cause the
bail 452 to be positively restored to the position
shown in Fig. 14 thereby releasing the stud 486
from the nose 485 and permitting the lever 412 to
be returned to the position shown in Fig. 14 un-
der the influence of the spring 483. However, by
the time this occurs the shift arm assembly will
have been released by the shift cam 293 (Fig. 9)
and moved to the right by the spring 323 so as to
condition the machine for left-hand shifting of
the carriage during the remainder of the division
operation.

When the machine is brought to a stop at the
end of a division coperation by the paw] 349 (Fig.
3) moving behind the latch 261 as described
earlier herein, the latch will remain thus disabled
until the carriage is shifted to the right so as to
remove the pawl from behind the latch. Hence,
if the operator were to attempt to initiate an-
other division operation with the latch thus dis-
abled, the connecting lever 243 would not be held
in its rocked position and the machine would
come to a stop at the end of the first cycle. In
order to overcome this difficulty, the present ma-
chine is provided with a second or auxiliary latch
351 (®ig. 3) which is pivotally mounted on the
stud 253 immediately beside the latch 261. The
latch 361 is shorter than the latch 261, i. e., the
latching face formed thereon is somewhat closer
to the pivot stud 259 than it is in the case of the
latch 261. The auxiliary latch earries a stud 362
which is held against an abutment face provided
on the restoring lever 343 by a spring 373
stretched between the stud 2352 and a stud 354
mounted in the right side frame. Hence, when
the connecting lever 243 is roeked following de-
pression of the division key, the latch 351 will
be effective to engage with the stud 260 and re-
tain the lever in its rocked position even though
the regular latch 251 is held disabled by pawl
349. The machine will thus be able to proceed
with the factor aligning phase of the division
operation in the normal manner.

Means is provided for disabling the auxiliary
latch at the end of the first shift evcle after the
carriage has moved one step to the right and the
lateh 251 has been released by the pawl 249 and
moved info latching position beneath the stud
260. This is accomplished by a cam face 381 pro-
vided on the restoring lever 342 which lies be-

10

20

25

30

35

40

45

50

55

€0

70

75

26

neath a stud 382 on the latch 361 and rocks the
latch counter-clockwise when the lever 343 is
rocked by the cam 346. The auxiliary latch will
thus be disengaged and the stud 283 will drop
down into the latching face of the long iatch 25{
where it will remain until this latch is disabled
at the end of the division operation. After the
cam 346 has moved beyond the ear 4§, the spring
353 will return the latch 261 to its normal posi-
tion and the stud 282 acting on the cam face 38!
will return the restoring lever 243 to the position
shown in Pig. 3 where a face 383 formed thereon
lies against the stud 364.

QOperation

When a dividend standing on the accumulator
wheels 22 is to be divided by a divisor set on the
numeral keys 28, the operator merely depresses
the division key 38 after which the machine will
operate automatically to bring the highest sig-
nificant figures of the dividend and divisor into
alighment and then proceed to carry out a nor-
mal automatic division operation (assuming that
the factors have been set into the machine in the
proper manner). Upon depression of the divi-
sion key, the shait 302 (Fig. 8) will be shifted to
the left and, inasmuch as the latches 354, 338 are
engaged with the shift arm assembly at this time,
the sleeve 392 will likewise be shifted to the left
50 as to condition the machine for a right shift
operation each time the shaft 302 is rocked. At
the same time, the slide 406 will be shifted to the
left so as to depress the tail 414 of the fag 289
thereby rendering the program control mecha-
nism effective to produce the sequence of add,
shift, and subtract cycles of the machine. The
carriage 21 will confinue shifting toward the
right until the sensing finger 433 moves rear-
wardly so as to indicate that there are no more

" significant figures in the dividend lying to the

left of the finger 438 whereupon the short lateh
398 will be disabled and permit the shift arm as-
sembly to escape slightly to the right until caught
by the long latch 394, This will occur at the be-
ginning of the shift cycle of the machine due
to the control exercised by the flat-sided cam 298
over the numeral wheel sensing mechanism. As
soon thereafter as an overdraft occurs in the ac~
cumulator, the long latch 394 will be disabled and
the shift arm assembly will be released so as to
condition the machine for left-hand shifting of
the carriage under the control of the program
control mechanism. This mechanism will now
be controlled by the overdraft control link 238 in
the normal manner inasmuch as the tail 444 of
the flag has now been released by the slide 485,
A normal division operation will now take vlace
with left-hand shifting of the carriage until the
operation is terminated by manipulation of th

division stop lever 359 or by the pawl 318 locate
on the right-hand end of the carriage.

If an overdraft of the accumulator doss not
occur before the carriage reaches its extreme
right-hand position, an overdraft will be simu-
lated at this time by the lever 472 (Fig. 14) and
the shifter arm assembly will thereby he released
from the long latch so as to set the machine for
a normal dividing operation.

We claim:

1. A calculating machine adapted to perform
division operations comprising a frams, a car-
riage mounted for endwise shifting movement on
said frame, a register comprising a series of
ordinally arranged numeral wheels mounted con
said carriage, said wheels being settable to repre-
sent the various digits of a dividend, a value index-
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ing means mounted in said frame, an amount en-
tering means mounted on said frame for entering
3.value set in the indexing means into said reg-
ister, drive means inecluding a right shift drive
and & left shift drive for shifting said earriage in
either direction across said frame, manually con-
trolled means for initiating a division operation,
division program means operable in response to
operation of said initiating means and operative
to control operaticn of maid amount entering
means and said drive means so as to cause a pre~
determined sequence of operation including sub-
traction of the divicor from said register to an
overdraft and intermittent operation of said left
shift drive to shift said carriage to the left in
each ordinal series of operations, means cooper-
ating with said intiating means for temporarily
disabling said left shift drive and enabling the
right drive and for operating said right shift
drive in & predeterimined cyclic sequence, means
for latching said last-mentioned means in opera~
tive position, and latch releasing means opsrated
by shift of said carriage to a predetermined right-
hand position for unlateching said latch and there-
by enabling said division control means to con-
trol shifting of said carriage to the loft.

2. In a calculating machine adapted to per-
form division operations by the successive sub-
traction method, the combination of a frame;
a carriage mounted for endwise shifting move-
ment on said frame; a register comprising a se-
ries of ordinally arranged numeral wheels
mournted on said carriage, said wheels being ssi-
table to represent the various digits of a dividend;
a plural order selection mechanism for receiving
a divisor factor; a transmission mechanism set-
table to either an add or a subtract position for
enabling a divisor received in said selection
mechanism to be entered either additively or
subtractively into said register; a settable drive
means for shifting said carriage in either direc-
tion with respect to the various orders of said
selection mechanism; a program control mechga-~
nism for controlling the setting of said trans-
mission mechanism and the operation of said
drive means according to a prearranged pro-
gram including a shift of said carriage in one
direction to bring the lower order numeral wheels
into alignment with said selection mechanism;
means for initiating operation of said program
control mechanism, means for conditioning said
program control mechanism for setting said drive
means so as to cause shifting of said carriage in
the opposite direction when operation of said
program control mechanism is initiated; means
for sensing a zero setting of said numeral wheels
in all orders higher than the highest order of said
selection mechanism, means for sensing an over-
draft in a predetermined order of said register,
and mechanism including means responsive to
the sensing of zero in all such higher orders of
said register wheels and means responsive to the
sensing of an overdraft for conditioning said pro-
gram control mechanism to reverse the setting
of said drive means so as to cause shifting of
said carriage in the said one direction under the
control of said program control mechanism.

3. In a calculating machine of the class
described having a shiftable carriage, a dividend
register in said carriage, said register including
a series of numeral wheels in which a dividend
factor may be registered, means including a key-
board and g differential actuating mechanism
for entering a divisor factor into said register,
and reversible means for shifting said carriage
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in either direction, the combination of a manu=
ally controlled means for initiating a division
operation; means controlled by said initiating
means for causing said shifting means to initiate
a shift of said carriage to the right whereby the
factors may be brought into proper alignment
for the commencement of a division operation;
and means including a device for sensing the zero
positions of the register wheels in all orders
higher than the highest order of said keyboard
and a device for sensing an overdraft in a pre-
determined order of said register for reversing
the shifting means, whereby the factors are first
brought into proper alignment and thereafter
the carriage to be shifted in theé opposite direc-
tion during the remainder of the division opera-
tion.

4. In a calculating machine of the class de-
scribed having a transversely shiftable carriage,
a dividend register in said carriage, said register
having inboard orders and outboard orders,
means including a keyboard and a differential
actuating mechanism for entering a divisor into
the inboard orders of said register, and means for
shifting said carriage either to the right or o
the left, the combination of division control
means for operating said differential actuating
mechanism and said carriage shifting means to
divide an amount registered in said dividend
register by an amount set in said keyboard,
ordinal sensing means for determining whether
or not the outboard orders of said register con-
tain other than a zero registration: means for
sensing an overdraft in the inboard orders of
said register; aligning means rendered effective
upon the initiation of a division operation for
causing sald carriage shifting means to shift said
carriage to the right; means controlled by said
ordinal sensing means and said overdraft sensing
means for disabling said aligning means and en-
abling said division control means when all of the
outhoard orders of the register are set at zero
and an overdraft has occurred in said register;
and means operating in response to movement of
said carriage into its extreme right-hand position
for causing said shifting means to shift said car-
riage to the left irrespective of the control exer-
cised by said ordinal sensing means and said
overdraft sensing means. :

5. In a calculating machine of the class de-
seribed having a shiftable carriage, s dividend
register in said carriage having inboard orders
and outboard orders, means inciuding a keyboard
and a differential actuating mechanism for
entering a divisor in the inboard orders of said
register, a tens-carry mechanism for transferring
a unit from a lower inboard order of said regis-
ter to a higher inboard order thereof, and means
including a right shift drive and a left shift drive
for shifting said carriage in either direction, the
combination of division control means for operas-
ing said differential actuating mechanism and
said left shift drive to divide an amount regis-
tered in said dividend register by an arount set
up on said keyboard, means for detecting a itrans-
fer by said tens-carry mechanism from the next-
to-highest inboard order to the highest inboard
order of said register operative to conirol oper-
ation of said division contrel means; a division
initiating member; aligning means operated with
said member for operating said right shift drive
cyclically; a series of ordinally arrangzed members
mounted on said carriage for cooperation with
said outboard orders; a sensing lever cooperat-
ing with said members for detecting the presence
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of a number other than zero in $aid outboard
orders; and means jointly operated by said de-
tecting means and said sensing lever for termi-
nating the operation of said aligning means and
then to release the division control means to con-
trol by said detecting means.

6. In a machine of the class described having
means for giving the machine cycles of operation,
a shiftable carriage, a series of ordinally ar-
ranged register wheels in said carriage on which
a dividend may be registered including a plu-
rality of inhoard order wheels and a plurality of
outhoard order wheels, means including a key-
board and a differential actuating mechanism
for entering a divisor into said inboard register
wheels, a tens-transfer mechanism for the in-
board order wheels for transferring a unit from
a lower order wheel to a higher order wheel
each time a wheel passes through zero, means
controlled by said tens-transfer mechanism for
detecting an overdraft in said inboard order
wheels, and means for shifting said carriage in-
cluding a right shift clutch and a left shift cluteh,
the combination of a program control mecha-
nism for causing said machine to perform a
division operation through add-back, shift, and
subtract cycles during continuous and uninter-
rupted cycling of the machine; means operable
by said overdraft detecting means for controlling
the operation of said program control mecha-
nism during the -division -operation; means op-
erable hy said program control mechanism for
engaging -one or the other of said shift clutches,
said means being positionable in either a right
shift clutch engaging position or in a left shift
clutch engaging position; manually controlled
means for moving said engaging means to its
right shift cluteh engaging pesition and for
rendering said program confrol mechanism op-
erative during sufficient machine cycles to effect
shifting of the carriage to the right to a posi-
tion of alignment of the dividend with the di-
visor; means for sensing the zero or non-zero
setiing of said register wheels in all orders higher
than the highest order of said keyboard; and
means conirolled jointly by said sensing means
-and said overdraft detecting means for causing
said engaging means to be moved to its left shift
clutch engaging position after the dividend and
‘divisor have been brought into alignment.

7. In a machine of the class described having
means for giving the machine cycles of operation,
g, shiftable carriage, a =series -or ordinally ar-
ranged register wheels in said carriage on which

a dividend may be registered including a plu- ¢

rality ‘of inboard order wheels and a plurality
of outhoard order wheels, means including a
keyboard and a differential actuating mecha-
nism for entering a divisor into said inboard
register wheels, a tens-transfer mechanism for
the inboard order wheels for transferring a unit
from a lower order wheel to a higher order wheel
each time a wheel passes through zero, means
controlled by said tens-transfer mechanism for
detecting an overdraft in said inboard order
wheels, and means for shifting said carriage in-
cluding a right shift clutch and a left shift
-cluteh, the combination of a program control
mechanism for eausing said machine to perform
a division operation through add-back, shift,
and subtract cycles during continuous and un-
interrupted eycling of the machine; means op-
erable by said overdraft detecting means for
controlling the operation of said program con-
trol mechanism during the division operation;
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meails operable by said program control mecha-
nism for engaging one or the other of said shift
clutches, said means being positionable in either
a right shift clutch engaging position or in a
left shift clutch engaging position; manually
controiled means for moving said engaging
means to its right shift clutch engaging posi-
tion and for rendering said program control
mechanisim operative during sufficient machine
cycles to effect shifting of the carriage to the
right to a position of alisnment of the dividend
with the divisor; means for sensing the zero or
non-zero setting of said register wheels in all
orders higher than the highest order of said
keyboard; means for resiliently urging said en-
gaging means to move from its right shift clutch
engaging position to its left shift elutch engag-
ing position; means for restraining said engag-
ing means against movement by said urging
means; and means controlled jointly by said
sensing means and said overdraft detecting
means for disabling said restraining means
whereby shifting of the carriage to the right will
he terminated and shifting of the earriage to the
left commenced when all of said higher order
wheels are set at zero and said overdraft detect-
ing means has been operated in response to an
overdrait in said register wheels.

8. In a machine of the class described having
means for giving the machine cycles of opera-
tion, a shifteble carriage, a series of ordinally
arranged register wheels in said carriage on
which a dividend may be registered including
a plurality of inboard order wheels and a plu-
rality of outboard order wheels, means includ-
ing a keyboard and a differential actuating
mechanism for entering a divisor into said in-
hoard register wheels, a tens-transfer mecha-
nism for the inboard order wheels for trans-
ferring a unit from a lower order wheel to a
higher order wheel each time a wheel passes
through zero, means controlled by said tens-
transfer meehanism for detecting an overdraft
in said inboard order wheels, and means for shift-
ing said carriage including a right shift clutch
and a left shift clutch, the combination of a
program control mechanism for causing said
machine to perforin g division operation through
add-back, shift, and subtract cycles during con-
tinuous and uninterrupted cyecling of the ma-
chine; means operable by said overdraft detect-
ing means for controlling the operation of said
program control mechanism during the division
opsration; raeans operable by said program con-
trol mechanism for engaging one or the other ot
said shift clutches, said means being position-
able in either a right shift clutch engaging posi-
tion or in a left shift clutch engaging position;
manually controlied msans for moving said en-
gaging means to its right shift clutch engaging
position and for rendering said program control
mechanism operative during sufficient machine
cycles to effect shifting of the carriage to the
right to 2 position of alignment of the dividend
with the divisor; means for sensing the zero or
non-zero setting of said register wheels in all
orders higher than the highest order of said
keyhoard; means for resiliently urging said en-
gaging means to move from its right shift clutch
engaging position to its left shift cluteh engag-
ing position; and means for restraining said en-
gaging means against movement by said urging
means, said means including a pair -of latches
arranged to be disabled by said sensing means
and said overdraft detecting .means, whereby
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shiftinig of the cairriage to the right will be termi-
nated and shifting to the left commenced when
all of said higher order wheels are set at zero
and said overdraft detecting means has been op-
erated in response to an overdraft in said regis-
ter wheels.

9.In a machine of the class described having
means for giving the machine cycles of opera-
tion, a shiftable carriage, a series of ordinally
arrangsd register wheels in said carriage on
which a dividend may be registered including a
plurality of inboard order wheels and a plurality
of outboard order wheels, means including a key-
board and a differential actuating mechanism for
entering a divisor into said inboard register
wheels, 2 tens-transfer mechanism for the in-
board order wheels for transferring s unit from
a lower order wheel to a higher order wheel
each time a wheel passes through zero, means
controlled by said tens-transfer mechanism for
detecting an overdraft in said inboard order
wheels, and means for shifting said carriage in-
cluding a right shift clutch and a left shift cluteh,
the combination of a program control mmechanism
for causing said machine to perform a division
-operation through add-back, shift, and subtract
eycles during continuous and uninterrupted cycl-
ing of the machine; means operable by said over-
draft detecting means for controlling the opera-
tion of said program control mechanism during
the division operation; means operable by said
Pprogram control mechanism for engaging one or
the other of said shift clutches, said means being
positionable in either a right shift clutch engag-
ing position or in a left shifi clutch engaging
bosition; manually controlled means for moving
said engaging means to its right shift clutch en-
gaging position and for rendering said program
control mechanism operative during sufficient
machine eycles to effect shifting of the carriage
to the right to a position of alisnment of the
dividend with the divisor; means for sensing the
zero or non-zero setting of said register wheels
in all orders higher than the highest order of
said keyboard; means for resiliently urging said
engaging means to move from its right shift
cluteh engaging position to its left shift clutch
engaging position; and means for restraining
said engaging means against movement by said
urging means, said means including a short latch
arranged to be disabled by said sensing means
and a long latch arranged to be disabled by said
overdraft detecting means whereby shifting of
the carriage to the right will be terminated and

shifting to the left commenced after said sensing .

means has signified the zero setting of all of the
higher order wheels and said overdraft detecting
means is then operated in response to an over-
draft in said register wheels.

10. In a machine of the class described having
means for giving the machine cycles of operation,
a shiftable carriage, a series of ordinally ar-
ranged register wheels in said carriage on which
a dividend may be registered including s plurality
of inboard order wheels and a plurality of out-
board order wheels, means, including a keyboard
and a differential actuating mechanism for en-
tering a divisor into said inboard register wheels,
a tens-transfer mechanism for the inboard order
wheels for transferring a unit from a lower order
wheel to a higher order wheel each time a wheel
passes through zero, and means controlled by
said tens-transfer mechanism for defecting an
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automatically causing said machine to operste
through a sequence of add, shift and subtract
cycles; means controlled by said overdraft de-
tecting means for initiating operation of said
program control imechanism; means controlled
by said program control mechanism for causing
shifting of sald carriage, said means including
8 device movable to one position to cause shifting
of the carriage in the direction of the lower
wheels and to another position to cause shifting
of the carriage in the direction of the higher
order wheels; means connected with said device
for initiating operation of said program control
mechanism when said device is moved to said
one position; means for sensing the zero or non-
zero setiing of said register wheels in all orders
higher than the highest order of said keyboard;
manually controlled means for moving said de-
vice to said one position, and for enabling said
sensing means; means operable by said program
control mechanism for disabling said sensing
means except during shift cycles of the machine;
means for resiliently urging said device to move
from said one position to said other position; and
means for restraining said device against move-
ment by said urging means, said restraining
means including a short latch arranged to be
disabled by said sensing means and a long latch
arranged to be disabled by said overdraft detect-
ing means whereby shifting of the carriage in
the direction of the lower order wheels will be
terminated and shifting in the opposite direction
commenced with normal functioning of said pro-
gram control mechanism under the control of
said overdraff detecting means when said sens-
ing means hag signified the zero condition of all
higher order wheels during a shift cycle and said
overdraft detecting means has then been op-
erated during a subsequent subtraction cycle in
response to an overdraff in the inboard order
wheels.

11. In g calculating machine of the class de-
scribed having means for giving the machine
cycles of operation, a carriage shiftable either to
the right or to the lefi, a register mounted on
said carriage in which a dividend may be regis-
tered, and means including g keyboard and a
differential actuating mechanism for entering
o divisor into said register, the combination of
a program control mechanism for automatically
causing said machine to perform a division oper-
ation through a seguence of add, shift and sub-
tract cycles; means responsive to an overdraft
in said register for controlling said program con-
trol mechanism during the division operation;
means controlled by said program control mech-
anistm for causing shifting of said carriage, said
means including a device movable to one posi-
tion to cause shifting of said carriage to the
right and to another position to cause shifting of
the carriage to the leit; means controlled by said
device for initiating operation of said program
contrel mechanism when said device is moved
to said one position and for maintaining said
program control mechanism - operative during
shifting of said carriage to the right; manually

controlled means for moving said device to said

one position and for initiating operation of said
cycling means; and mechanism including means
operating in response to the movement of said
carriage Info ifs evireme right-hand position for
) said device to be moved 1o said other
position thereby ferminating the operation of
said program control mechanism under the con-
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trol of said device and conditioning the machine
for left-hand shifting of the carriage.

12. In a calculating machine of the class de-
scribed having means for giving the machine
cycles of operation, a shiftable carriage, means
for shifting said carriage either to the right or
to the left, o register in said carriage for re-
ceiving a dividend factor, and means, including
a keyboard and a differential actuating mech-
anism, for entering g divisor into said register,
the combination of a program control mechanism
for automatically causing said machine to per-
form a division operation through a sequence of
add, shift and subtract cycles; means responsive
to an overdraft in said register for controlling
said program contrel mechanism during the divi-
sion operation; means controlled by said program
control mechanism for operating said shifting
means, said means including a device movable to
one position to cause shifting of said carriage to
the right and to ancther position to cause shift-
ing of the carriage to the left; means controlled
by said device for initiating operation of said
program control mechanism when said device is

moved to said one position and for maintaining ¢

said program control mechanism operative during
shifting of said carriage to the right; manually
controlled means for moving said device to said
one position and for initiating operation of said

cycling means; and mechanrism including means 2

operated hy said shifting means in a predeter-
mined position of said carriage for causing said
device to be moved 1o said other position whereby
the operation of said program control mech-
anism under the control of said device will be
terminated and the machine will be conditioned
for left-hand shifting of the carriage.

13. In a machine of the class described having
means for giving the machine cycles of operation,
a shiftable carriage, a series of ordinally arranged
register wheels in said carriage on which a divi-
dend may he registered including a plurality of
inkoard order wheels and a plurality of outboard
order wheels, means, including a keyboard and
g differential actuating mechanism, for entering
a divisor into said inboard register wheels, a
tens-transfer mechanism for the inboard order
wheels for transferring a unit from a lower order
wheel to a higher order wheel each time a wheel

passes through gzero, means controlled by said 5

tens-transfer mechanism for detecting an over-
draft in said inboard order wheels, and means for
shifting siad carriage including a right shift
clutch and a left shift clutch, the combination

of a program control mechanism for causing said 3;

machine to perform a division operation through
add-back, shift, and subtract cycles during con-
tinuous and uninterrupted cycling of the ma-
chine; means operable by said overdraft detecting
means for controlling the operation of said pro-
gram control mechanism during the division
operation; means operable by said program con-~
trol mechanism for engaging one or the other of
said shift clutches, said means being positionable
in either g right shift clutch engaging position
or in a left shift clutch engaging position; manu-
ally controlled means for moving said engaging
means to its right shift clutch engaging position
and for rendering said program contrcl mech-
anism operative during sufficient machine cycles
to effect shifting of the carriage to the right to
a position of alignment of the dividend with the
divisor; means for sensing the zero or non-zero
setting of said register wheels in all orders higher
than the highest order of said keyboard; means
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controlled jointly by said sensing means and said
overdraft detecting means for causing said en-
gaging means to e moved to its ieft shift clutch
engaging position after the dividend ang divisor
have been brought into align: t; and mech-
anism including means operating in response to
movement of said carriage into its extreme right
hand position for causing said sngaging means
to he moved to its left shift cluteh engazing posi-
tion thereby condifioning the meachine for left-
tand shifting of the carriage.

14. In 2 ecaleulating machine capable of solv-
ing problems in division comprising a selection
means cn which the various digits of a divisor
may be set, a carriage mounted for ordinal shift-
ing movement in either direction on said ma-
chine, a carriage shifting mechanism including a
right shift clutch, a left shift cluteh, and a clutch
operating means including a common member
movable to a right shifi position to control opera-
tion of said right shift cluteh and to a left shift
position to control operation of said left shift
clutch, a register in said carriage containing a
plurality of register dials settable to represent the
various digits of a dividend, a division control
mechanism including means yieldably biasing
said common member to its left shifi position
and means responsive to an overdraft in a pre-
selected order for causing operation of said clutch
operating means, a manipulatable member for
effecting operation of said division control mech-
ahism, means operated simultaneously with said
member for moving said common member o
szid right shift position to cause engagement of
said right shifit ciutech, latch means for latching
said common member in its said right shift posi-
tion, means operative while said member is in its
said right shift position for causing cyelic opera-
tion of said clutch operating means, and latch
releasing means operated by shift of said carriage
to a predetermined right-hand position for un-
latching said latch.

15. In a calculating machine capable of solving
problems in division comprising a selection means
on which the various digiis of a divisor may be
set, a carriage mounted for ordinal shifting move-
ment in either direction on said machine, a car-
riage shifting mechanism including a right shift
cluteh, a left shift clutch, and a common mem-
ber operable to cause engagement of one or the
other of said clutches and having a right shift po-
sition in which it operates the said right shift
clutch and a left shift position in which it op-
erates the said left shift cluteh, a register in said
carriage containing s plurality of register dials
settable to represent the various digits of a di-
vidend, differential actuating means for transmit-
ting a value determined by said selection means
into said register; a division confrol mechanism
for programming operation of said actuating
means and said shifting means, including means
for yieldably biasing said common member to
said left shift position and means responsive to an
overdraft in a preselected order for causing opera-
tion of said common member, a division initiating
key, means operated simultaneously with said di-
vision key for positively positioning said common
member in its right shift position and for cyclical-
ly causing operation of said common member,
means for latching said common member in right
shift position, and latch releasing means operated
by shift of said carriage to a predetermined right-
hand position for unlatching said latch means.

16. In a calculating machine capable of solving
problems in division comprising a selection means
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on which the various digits of a divisor may be
set, a carriage mounted for ordinal shifting move-
ment in either direction on said machine, a car-
riage shifting mechanism for shifting said ear-
riage in either direction including a right shift
clutch, a left shift clutch, a clutch control means
selectively operable to enable either of said
clutches for operation, and clutch operating
means for operating the one of said clutches de-
termined by said clutch control means, a register
containing a plurality of register dials settable
‘to represent the various digits of a dividend, a. di-
vision key, a division control mechanism includ-
ing means normally biasing said clutch control
means to enable said left shift clutch and means
‘responsive to an overdraft in a preselected or-
-der for operating said clutch operating means,
aligning means operated with said division key
for positioning said clutch control means to en-
able said right shift clutch for operation, latch-
ing means for holding said clutch control means
in said last-mentioned position, means operative
while said latching means is operative to cyclical-
Iy operate said clutch operating means, and latch
releasing means operated by shift of said carriage
to a predetermined right-hand position for un-
latching said latching means.

17. In a calculating machine capable of solving
‘problems in-division comprising a selection means
on which the various-digits of a.divisor may be
set, a carriage mounted for ordinal shifting move-
-ment in either direction on said machine, a car-
riage shifting mechanism for shifting said car-
‘riage in either direction, a register containing a
blurality of register dials settable to represent the
various digits of a dividend, a division key, a di-
vision control mechanism including means re-
sponsive to an over-draft in a preselected order
for operating said shifting means, a shift eontrol
-‘means-for controlling the direction of operation
‘of said shifting mechanism, positioning means
resiliently urging said shift control means to a
position to enable a carriage shift to the left, a
control means operable with said division key for
positioning said shift eontrol means-in a position
to cause a carriage shift to the right, latch means
for holding said shift control means in said last-
‘mentioned position, means for cyclically operat-
ing said shifting:means while said shift control
‘means is in said last-mentioned position, and
latch releasing means operated by shift of said
carriage to the extreme right-hand position for
unlatching said latch means.

18. A -calculating 'machine for solving prob~

‘lems in division comprising a -cyclically operable :

drive -means, means for receiving the dividend
factor, means for receiving the divisor factor, a
differential actuating means for transferring the
value in the divisor factor receiving means.into
“the dividend factor receiving means additively or
subtractively, means for ordinaly shifting one
of said factor receiving means relative to the
“other, a division contrel mechanism for operat-
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-ing said actuating means and said shifting means

to cause the divisor factor to be subtracted from
the dividend factor and the shiftable factor re-
ceiving means to be -shifted during continuous,
-uninterrupted ‘cycling of the machine, a- member
for initiating operation .of said division control
mechanism, means cooperating with said mem-
ber for conditioning said :division control mech-
-anism to cause it to effect operation of said:shift-
ing means to shift said shiftable factor receiv-
Jing means in a predetermined sequence in the
“direction to bring ‘the highest orders.of the divi-
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dend factor receiving imeans into alignment with
the highest order of the divisor factor receiving
means in order to bring said factors into proper
alignment for the commencement of a division

.operation, means for sensing a zero value in the

dividend factor receiving means in orders higher
than those of the divisor receiving means, .and
means controlled by said sensing means for dis-
abling said conditioning means after the factors
have been brought into alignment and for caus-
ing the machine to commence an automatic di-
vision operation diuring continuous, uninterrupted
cycling of the machine.

19. A calculating machine capable of carrying
out problems in division comprising a carriage
mounted for endwise shifting movement on said
machine, a register mounted on said carriage,
said register including a plurality of ordinally ar-
ranged numeral wheels capable of being set to
represent the various digits of a dividend, an
ordinally arranged amount entering means for
entering a divisor into said register, means for
shifting said carriage in either direction across
said machine, a programming mechanism oper-
ated to control said amount entering means and
said carriage shifting means so as to cause g pre-
determined sequence of operations -including
cyclic shifting of the register in the direction to
bring higher corders of the register into align-
ment with the amount entering means and an-
other and variable sequence of operations includ-
ing subtraction of the divisor from said register
and intermittent shifting of the carriage in the
dgirection to bring the lower orders of the reg-
ister into alignment with the-amount entering
means, manually controlled ‘means operative to
initiate operation of said program mechanism in
the first-mentioned sequence of operations,
mechanism including means for sensing the zero
or non-zero setting of said numeral wheels in all
orders higher than the highest order of :said
amount entering means, and means responsive to

‘the sensing of a zero setting ‘in all said higher

orders for terminating the first-mentioned se-
quence of operations and for changing operation
of said programming mechanism to the second-
mentioned sequence of operations.

20. In g calculating machine of the class de-
sceribed having a shiftable carriage, a dividend
register in said carriage comprising a series of
ordinally arranged numeral wheels on which the
dividend factor may be set, means including ‘a
keyboard and a differential actuating means:for
entering a divisor factor into said register, and
means for shifting said carriage, the combina-
tion of program means for controlling the -di-
vision of an amount registered in said dividend
register by an amount set in said keyboard, in-
cluding means for causing said shifting means to
shift said carriage intermittently to the left as
required by the division operation; manually op-
erated means for initiating operation  of said
program means; aligning means cooperative with
said manually -operated means: for reversing the
confrol of said shifting means by said program
means to cause shifting of said: carriage to the
right and for causing cyclic operation of said

-shifting means to-shift said carriage to the right
-until the factors are brought into alignment; a

device for sensing the setting of numeral wheels
of higher order than the ‘highest order of said

-keyboard as to their deviation from a zerg value;

and mechanism operative in response to a:pre-

~determined - sensing by ‘said sensing - device . for
“terminating operation of said aligning means-and
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to enable normal operation of said program
means, thereby causing said shifting means to
shift said carriage to the left after the dividend
and divisor have been brought into alignment.
21. In a calculating machine of the class de-
scribed having a transversely shiftable carriage,
a dividend register in said carriage, said register
having inboard orders and outboard orders,
means including a keyboard and a differential
actuating mechanism for entering a divisor into
the inboard orders of said register, and means
for shifting said carriage, said means being set-
table to cause either right-hand shifting of the
carriage or left-hand shifting thereof, the com-
bination of program means for controlling the
operation of said differential actuating mecha-
nism and said carriage shifting means to divide
an amount registered in said dividend register
by an amount set up on said keyboard; an ordinal
sehsing means for sensing the presence of zero
or non-zero registrations in the outboard orders
of said register; means for sensing an overdraft
in the inboard orders of said register; manually
operated means for initiating a division opera-

tion; and aligning means also controlled by said ¢

manually operated means for modifying opera-
tion of said program means to cause cyclic opera-
tion of said shifting means and to set said car-
riage shifting means for right-hand shifting of
said carriage; and means controlied by said
ordinal sensing means and said overdrafi sens-
ing means for releasing said aligning means when
all of the outhoard orders of said register con-
tain a zero registration and an overdraft has oc-
curred in said register, thereby enabling said
program means to control a division operation.
22. In a calculating machine of the class de-
seribad having a shiftable carriage, a dividend
register in said carriage having a plurality of in-
board orders and a plurality of outboard orders,
means including a keyboard and a differential
actuating mechanism for entering a divisor into
the inboard orders of said register, and means
for shifting said carriage, the combination of

means for sensing an overdraft in the inkoard .

orders of said register; program means operated
by said overdraft sensing means for operating
said differential actuating mechanism and said
carriage shifting means to shift said carriage to

the left in irregular cycles to divide an amount .

registered in said dividend register by an amount
set up on said keyboard, including a reversing
mechanism for said shifting means; aligning
means operative to position said reversing mech-

anism for shifting said carriage to the right and ;

to modify operation of said program means to
cause regular cyclic operation of said shifting
means; a plurality of ordinally arranged means
for defecting the presence of a number other
than zero in any of the outboard orders of said
register; a sensing member cooperating with said
ordinally arranged means; and means controlled
by said sensing member and said overdraft sens-
ing means for positioning said reversing mecha-
nism for shifting said carriage to the left and
to disable said sensing member so as to cause
said carriage to be shifted to the left under con-
trol of said means for sensing an overdraft after
the factor registered in said dividend register is
brought into alignment with the factor set up
on said keyboard.

923. ITn a calculating machine of the class de-
seribed having a shiftable carriage, a dividend
register in said carriage having inboard orders
and outboard orders, means including a keyboard
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and a differential actuating mechanism for en-
tering a divisor in the inboard orders of said
register, a tens-carry mechanism for transferring
5 unit from one invoard order of the register
to the next higher inboard order thereof, means
for detecting the transfer of a unit by said tens-
carry mechanism from the next to highest in-
board order to the highest inboard order of said
register, and means for shifting the ecarriage
either to the left or to the right, the combina-
tion of program means under the control of said
detecting means for contrclling the actuating
machanism and the shifting means to divide an
amount registered in said dividend register by an
amount seb up on said keyhoard, through the
steps of repeated subtraction te an overdraft, an
additive corrective cycle and shifting of the car-
riage to the left; means for sensing the char-
acter of the registrations in the outboard orders
of said register; and alizning means cooperating
with said detecting means and said sensing
means for so controlling the operation of said
shifting means as to cause said carriage to he
shifted to the right and to modify the operation
of the program means to cperate the machine
in the steps of subtract, add-back and shift in
continuous segquence, whereby the dividend and
divisor are properly aligned for the commence-
ment of a division operation.

24, In a machine of the class described having
an amount shiering means in which the various
digits of a divisor may be set, a shiftable carriage,
a register mounted in said carriage in which the
various digits of a dividend may be registered,
means for transmitting the divisor value from
said amount entering means into said register,
and means including a right shify drive and a
lef$ shift drive for shifting said carriage in either
direction relative to said amount entering means,
the combination of sequence cperation control
means conditionable for automatically dividing
the dividend by the divisor including means for
detecting an overdraft and means operated
thereby for controlling said transmitéing means
and said shifting means during continuous, un-
interrupted operation of the machine; means for
conditioning said sequence operation control
means for division operation including a shift
control member normally positioned to operate
said left shift drive and operated during a divi-
sion operation by said detecting means to op-
erate said shifting means to intermittently ef-
fect a carriage shift to the left; means including
a manipulative element associated with sald
means for conditioning said sequence operation
control means for moving said shift control mem-
ber from its normal position tc a position to op-
erate said right shift drive and for initiating op-
eration of said shift member in regular cycles
of operation, a latch for retaining said member
in its right shift position, and means on said car-
riage for causing said latch to be disabled and
the division operation to be initiated when said
carriage reaches a predetermined ordinal posi-
tion.

25. In a machine of the class described having
a cyclically operable drive nmeans, an amount en-
tering means in which the various digits of a
divisor may be set, a carriage shiftable from one
ordinal position to another, an ordinal register
mounted in said carriage in which the various
digits of a dividend may be registered, a tens-
transfer mechanism associated with each order
of said register, actuator means for causing the
divisor value either to be added into or subtracted
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from: said: register,:and means. for shifting. said
carriage relative to said amount entering means,
the ~combination of means for ;automatically
causing the dividend to be divided by the divisor,
including ' a ~program - control mechanism for
causing. said machine to operate through a se-
quence of add-back, shift: and. subtract: cycles;
means. for controlling the direction of the car-
riage shift during a division operation Aincluding
a.member movable from a normal left shift posi-
tion to .a right shift position; -means including
a manipulative element for initiating operation
of-said program control mechanism and for mov-
ing-said member from its left shift position to
its: right shift position; a long latch for retain-
ing said member in. its right shift position;
means operated by -a predetermined ordinal
transfer mechanism for causing said long latch
to -be disabled; a short latch for retaining said
member in its right shift position: means for
sensing a zero value in all orders of said register
to.the left of said actuator means; means op-
erated .by said zero sensing means for releasing
said short lateh; and means operatively connect-
ed to said member and operative when said
member is: in its right shift position to cause
cyclic operation of said member.

< 26.:In a calculating machine capable of solving
problems in division comprising a selection means
on which the various digits of a divisor may be
set,. a differential actuating means, a-carriage
mounted for ordinal shifting movement in either
direction on said machine, a carriage shifting
mechanism including a right shift cluich, a left
shift clutch, and a cluteh operating means for
causing: operation of said clutches, s register .in
said carriage containing a plurality of register
dials:settable to represent the various digits of
& dividend, a division control mechanism includ-
ing means for resiliently conditioning said clutch
operating means for operation of said left shift
clutch, a division key, means operated simulta-
neously with said division key for positively con-
ditioning said clutch operating means for opera-
tion of said right shift clutch and for cyclically
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causing operation of said clutch.operating nieafs,
means for retaining said clutch operating mesns
in:its right shift position, and releasing means op-
erated. by. shift. of said carriage to. a predeter-
mined right-hand position for releasing said re-
taining- means. .

27, In-a calculating machine of: the class:de-
scribed having 'a frame, a. shiftable carriage
mounted on said frame, a dividend register-hav-
ing:inboard and outboard orders in said: carriage,
means including -a keyboard.and-a. differential
actuating mechanism:-mounted in said frame for
entering. a divisor factor into the inboard orders
of said register, and means for shifting said car-
riage In either direction across the machine; the
combination. of division programming means for
controlling the division of a dividend factor regis-
tered in said dividend register by a divisor factor
set:up on said keyboard including means for caus-
ing said shifting means to shift said carriage: to
the left, a division key for initiating operation of
said division programming means, sensing . means
mounted -on said frame for sensing a zero or non-
zero setting in all of said outboard.orders-of said
dividend - register, -aligning means initially 10p-
erated with said division key to cause said car-
riage shifting means to shift said carriage to.the
right; and -means. controlled. by. said sensing
means operative when sensing.a zero condition
in-all of said outboard orders to terminate said
shift of the carriage to the right and. to initiate
operation of said division programming-means
50 as to enable the machine to proceed:with the
division of the dividend factor by the divisor
factor. .
ANTHONY B. MACHADO.
FRANK . J. PRUELL:AGE.
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