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4 Claims.

(CL 235-~61)

The present invention relates to calculating -

machines and the like and more particularly con-
cerns partial product multiplying rmechanisms
therefor.

An electrically controlled partial product mui-
tiplying mechanism disclosed in U. 8. Patent No.
2,843,273 issued to Hareld T. Avery, includes a
network of electrical circuits and connections ar-~
ranged according tothe multiplication table. The
selection of a multiplicand and multiplier digit by
the numeral keys closes respective pairs of con-
tacts and energizes a corresponding cne of the
network of circuits thus determining the partial
products of the selected factor digits. In this
mechanism there is a separate pair of contacts
and a related circuit for each possible combina-
tion of the multiplicand and multiplier values,
thus necessitating a great number of contacts and
circuits,

The partia] product selectors of present inven-
tion are based upon a modification of the slide
rule principle of multiplication, departing from
& true logarithmic spacing by arranging the
movements of multiplicand and multiplier com-
ponents of the selectors quasi-logarithmically so
that those movements are in simple multiples of
a given increment of movement. Electrical con-
tacts are located upon the selectors and similarly
are quasi-logarithmically spaced, with the result
that the same pair of contacts and a single re-
lated eircuit are used for all the various combina-
tions of the multiplicands and multipliers that
produce the same product, i. e. 1X8, 2Xx4, 4X2
and 8§ X 1.

This modified form of the logarithmic scale is
used in preference to-a true logarthmic scale be-
cause it provides for less spatial requirements at
the lower end of the scale where normally the
spacing of successive increments is relatively
great, and provides for greater spacing between
successive inerements at the higher end of the
scale where normally such spacing is too close for
aceurate selection.

The preferred embogdiment of the present. m-
vention is illustrated as an electrical controllin
means for closing selected pairs of contacts. The
same principle can be applied, however, to a me~
chanical selector having steps arranged aceord-
ing to a pattern similar to the pattern of electri-
cal contacts and with the selector being posi-
tioned for mechanically controiling the entry of
the partial products in » manner similar to that
disclosed in the Cluley Patent No. 1,332,543 for
example,

The:present invention, therefore, is based upon
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the principle of a modified logarithmic scale of
movement and patiern of elements arranged in
simple multiples of a given increment so that the
number of contacts or partial product elements
ave reduced to a minimum,

I is therefore, a primary ebject of this inven-
tion to provide an improved and simplified partial
product multiplying mechanism.

It is a further object of the invention to reduce
the number of partial product. circuits -heretofore
required in machines of this class.

It is a further object of the invention to reduce
the number of confacts necessary in eleetrical
partial product selecting mechanisms.

Fig. 1 is a top exterior view of the machine
showing particularly the factor and result nu-
meral wheels and the various selecting and con-
trolling keys therefor.

Fig. 2 is a longitudinal section, as viewed from
the right, showing the general arrangement of the
selecting, actuating, and driving mechanisms of
the machine embodying the present invention.

Fig. 3 is a detailed view of the zero selecting
shaft.

Fig. 4 is a detailed view of the numeral keys and
related mechanism. ‘

Fig. 5 is a longitudinal section, as viewed from
the right side of the machine, illustrating the left
factor selecting mechanism and the shiftable set-
up carriage therefor.

Fig. 6 is a right side view of certain of the nu-
meral keys showing their connection to the nu-
meral selecting shafts.

Fig. 7 is a plan view of a portien of the drive
train for the multiplier shift switch.

Fig. TA is a right side view showing the mech-
anism operated by the shift cluteh for acvuatma
the drive train shown in Fig. 7.

Pig. 8 is a right side view of the “X” and “Neg.
X keys, and a cam driven by the main clutch
for releasing these and certain other control keys.

Figs. 9 and 10 are enlarged detail views, taken
from the right of the set-up carriage shift con-
trolling mechanism,

Fig. 11 is a detail view of certain parts of the
set-up carriage shift controlhng mechamsm

Fig. 12 is a detail view of the same parts shown
in-Fig. 11, and are shown in the position they as-
sume during the set-up of the right factor.

Fig. 18 is a longitudinal section, as viewed from
the right, showing particularly the drive train
for the numeral wheel shafts and part of the
multiplication controlling mechanism,

Fig. 14 is a detailed sectional view of the mul-
tiplier solenoids and related mechanism, the sec-
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tion being taken on the line XIV—XIV of Fig. 13.

Fig. 15 is a plan view of the numeral wheel
shaft drive trains and reversing mechanism shown
in Fig. 13. In this view, the left side of the
machine is at the top of the figure.

Fig. 16 is a schematic diagram cf the partial
product selecting mechanism.

Fig. 17 is a view as indicated by the arrows
XVII-—XVII of Fig. 18, showing the switches for

disabling the multiplier register during the left i,

hand partial product actuating phase and for
shifting the selecting circuit in the product
register between the LH and RH partial product
actuating phases.

Fig, 18 is a right side view of the mechanism ;-

for actuating the switches shown in Fig. 17.

Fig. 19 is a sectional view taken on the line
XIX-—XIX of Fig. 20, showing the multiplier side
of a partial product selector.

PFig. 20 is an edge view of a typical partial ...

produet selector.

Fig. 21 is a sectional view taken on the line
XXI—XXI of Fig. 20 showing the multiplicand
side of a partial product selector.

Fig. 22 is an enlarged sectional view of two ..

orders of partial product selectors, taken on the
line XXIT—-XXIT of Fig. 19, showing the con-
struction thereof.

Fig. 23 to 32 inclusive, are sectional views of

the multiplier side of a partial product selector, .

showing the various plates which make the elec-
trical connections for controlling the registration
of the partial products in the product numeral
wheels.

Figs, 33A and 33B when combined form a wir- .

ing diagram illustrating the electrical controls for

the partial products multiplying mechanism.
Fig. 34 is a schematic representation of a typical

multiplication problem showing the partial prod-

ucts which produce the numeral value of the .

product.
Fig. 35 is a timing chart of the sequence of
multiplication operations.

GENERAL DESCRIPTION

This is a division of the Avery patent applica- °

{ion No. 506,519, filed October 16, 1943, now Pat-~
ent No. 2,467,419, issued April 19, 1949. The in-
vention is embodied in a calculating machine in

which both factors of a multiplication are entered .
by means of the same “ten key” keyboard. The ~

operator enters the first factor of a multiplica~
tion into a multiplicand or left factor receiving
device by selectively depressing the value keys of
the keyboard in the same manner that one would
“write” that factor on a typewriter. Then upon
depression of g multiplier conditioning key the
ten keys of the keyboard become multiplier entry
and operation start keys. The operator then
“writes” the multiplier digits upon the keyboard
and the multiplying operation is carried out re-
gardless of the speed with which the keys are
depressed.

In the problem 88215X625, for example, the
operator successively depresses the 9, 8, 2, 1, and
5 numeral keys (Fig. 1) whereupon the digits
9, 8, 2, 1, 5 successively appear in the numeral
wheels of the left factor indicator {19. The
operator next depresses the “X” key (55 which
conditions the machine for the entry of the mul-
tiplier digits into the right factor indicator and
also for a multiplying operation of the machine
in response to such depression. The depression
of the first numeral key after depression of the
“X” key initiates a multiplying operation dur-

o
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ing which operation additional multiplier digits
may be set up. In the above example, there-
fore the machine starts multiplying upon de-
pression of the 6 key for entry of the multi-
plier digit “6” into the right factor indicator
{308, and enters the product of six times the mul-
tiplicand into the product register {00. Con-
currently with the entry of the product, a “6”
is entered into the counter register (20. As soon
as the multiplication by 6 is ended the next
multiplication by 2 is started and the multi-
plying operation continues through any succes-
sive multipliers that may have been entered.
If the operator stops depressing the value keys
during entry cf the multiplier factor digits then
the machine stops at the end of the multipli-
cation by the last digit set up and waits for
further entries or for a last digit correction if
the operator so desires. At the end of the mul-
tiplying operation the correct product appears
in a result register; also the multiplicand and
multiplier values stand in respective factor in-
dicator dials, and the multiplier or accumulated
mulfipliers, as the case may be, stands in a
counter register. From the foregoing it is seen
that both the multiplicand and multiplier fac-
tors may he entered into the machine by de-
pressing the varicus keys cf the ten key key-
toard. The entry mechanisms for both factor
raceiving devices will now be described.

Factor entry mechanism

The machine embodying the present invention
includes a keyboard entry mechanism which is
fully disclosed and claimed in the Avery appli-
cation Serial No. 581,514, filled March 7, 1945,
now Patent No. 2,459,862, issued January 25, 1949,
and titled “Ten Key Entry Mechanism.” Ref-
erence to this patent may be had for a full de-
scription of the specific mechanism included
therein.

The entry mechanism effects entry of the
values into the factor numeral wheels by means
of a shiftable set-up carriage mechanism, which
moves ordinally step by step into operative re-
lation with successive numeral wheels. There is
one set-up carriage for each factor indicator
(13 and {280 (Fig. 1) and each carriage is adapted
to assume either a full step or half step posi-
tion. When a carriage is in its full step posi-
tion it is rendered effective to determine the
setting of the numeral wheel with which it is
aligned, and when it is in its half step position

- it is rendered ineffective to control the setting

of any numeral wheel. The carriages are so
related that when the first of the two carriages,
for example, is shifted into its full step position,
the second carriage is retained in a half step
pesition so that depression of a selected nu-
meral key effects entry of the digit correspond-
ing to the numeral, delineated thereon, into only
that numeral wheel with which the first car-
riage is aligned. Depression of a control key,

5 such as the “X” key {85, then is adapted to

escape the first carriage into its half step posi-
tion and the second carriage into its full step
resition so that subsequent depressions of the
numeral keys then effect entry of digits into
the factor indicator asscciated with the sec-
ond carriage.

Factor selection switches are positioned con-
currently with the rotation of the factor nu-
meral wheels and are adapted to condition cer-
tain selection ecircuits described hereinafter, in
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accordance with the position to which the nu-
meral wheels are rotated.
Keyboard

_ Depression of the numeral keys 140-149 (Pigs.
1 and 6) causes rocking of shafts 180-{89 and
of the selection shafts 186188 in the manner
described in the above mentionéd Patent No.
2,459,862, Slidably mounted upon the shafts
180189 (Fig. 5) are levers 251, which, as de-
seribed heréinafter, are uséd as Selective stops
for positionitig both the partial product switch=
ing mechanisms and the factor indieator nu-
meral wheels assoclated therswith.

Set-up carricges

As described briefly hereifibéfore, tiere 1S a
left factor and right factor set-up caitiage, each
of which i§ controlled by the numeral keyboard
and effects entry of selected digits into the left
ahd right factor numeral wheels respeetively.
Thesé two ¢arriage are identical, the right factor
carfiage 248 béing showhn in Figs. 2 and 6, the
left factor carriage 245 beéing shown in Fig. 5.
Théy are mounted and maintained upright on
a comimon stationary shaft 246 by bushings 241
and have two rollers 248 which ave totatably
mounted on studs integral with the factor car-
riage and are guided by a stationary support-
ing member 249. Each catriage is composed of
a fiat plate 261 (Pigs. 2 and 5) which forins
the left side frame plate of the carriage and
a second plate 252 (Fig. 6) which forms the ight
side frame plate of the carriage. The latter

plate has a flange 254 (Figs. 2 and 5) which is :

bent toward the left adjacent the edge of the
plate 251, thereby forming a U-shaped section,
in the trough of which is mounted the internal
mechanism of the carriage all as is clearly
shown in the previously mentioned Patent No.
2,467,419, The two frame plates 251 and 252
are held together as a rigid integral unit by a
bushing 241 (Fig. 5) and six screws 253 (Fig. 6)
carrying spacers between the plates for main-
taining rigidity of the carriage. Clearance holes
256 (Fig. 5) are provided in the side plates of
each carriage for the selection shafts 180 to
189 so the carriage may be shifted transversely
withotit the shafts binding.

‘Mounted on the selection shafts within the ¢

trough of the U-shaped section of each carriage
are levers 25T which are fitted to and therefore
rock with the shafts, and at the same timeé are
slidable théreon, with the earriage, as it shifts
from order to order during the set-up opera-
tion. The levers 257 are operatively associated
with a plurality of blocking levers 258 (Figs. 2
and 5) which are freely pivoted on studs 259
mouhted on the stationary brace plates 261.
There is one such brace plate in each denomi-
hational order and these plates are held in place
by the rods 264 to 267, inclusive (Fig. 5), and are
spaced by suitable spacers mounted on the tod.
These rods and the selection shafts (90 to 199
are supported at their ends by the machine
framework.

Movement of any lever 257 and its associated
lever 258 releases the selecting arm 280 in the
order with whieh the set-up carriage is cur-

rently associated so as to effect rotation of the 7

related numeral wheel and position the selection
switching mechanism. Each selecting lever 258
has an ear 268 which, in addition to being en-
gaged by itsassociated lever 257, extends across
the plane of an arcuate plate 269 which is slid-
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able on shafts 266 and 267, one such aréuate plateé
269 being loeated adjacetit to each of the ‘brace
blates 261. Lugs 271 are located on each plate
268 in front of the ears 268 So that clockwise
rocking of any ‘one of the levers 258 slides blate
269 ‘clockwise aboiit the central shaft 2710. ‘A
pawl 214 is pivotally mounted on each stationary
plate 261 and is pressed into ohe or the other
of the two nétches-in its respective plate 289 by
a spring 276, so as to tétain the lattér plite in
either-of itstwo positions:

The uppeér forward énd of each plate 269 ter-
minates in a nose 211, as shown in Figs. ‘5 and
6, which nose is adapted to rock a latéh 278
clockwise ‘about the Stationary:shaft 264 against
the pressure of a torsion spring 279. ‘A hook on
the latch 278 normally underlies a laterally ex-
tended ear 280 of the arm 280. A :gear seg-
ment 281 is integral with the arin 288 which is
freely pivoted on shaft 270. There is ofie such
arm and gear segmerit in each dénominational
order of ‘the left factor indicator ‘and each s
geared to its associated numeral wheel by gears
such-as 282 and 283 (Fig. 2). The arrangement
is therefor such ‘that depression of a selected key,
for example the number “3” key, rocks shaft 193
(Figs. 5 and 6) counter-clockwise. The lever
251, mounted on ‘this shaft in the left factor
set-up carriage, in turn, rocks the nose 284 (Pig.
5) -of -its associated lever 258 upwardly into the
path of ear 280a so that when the arm 280 is re-
leased by latch 278, a torsion spring 286 (Fig. 2
drives gears 283, 282, ‘and 281, and rotates arm
280 .counter-clockwise ‘until the ear 280a is
blocked by the nose 284°of the “3” blocking lever
258. The levers 258 are located around the een-
ter of shaft 210 in such positions as to limit the
rotation of the arm 280 and its associated nii=
meral wheel 285 (Fig. 2) by amoéunts indiéative
of the numeral Keys depressed. The number 9
shaft 199 is out of its natural position, however,
and is so located as to shotten thHe number 9
connecting link 209 (Fig. 6). It will be noted
furthér that the niimbeér 9 lever 251 (Fig. 5) hag
no lever 258 associated with it, but instead en-
gages an ear 287 formed directly on the plate 269
for tripping latch 278. The arm 286 in the éase
of a nine selection is blocked in its extreme
counter-clockwise position by shaft 265 (Fig. 5).

A disc 851 is secured to each left factor arm
280 and segment 281 and is rotated en amount
corresponding to the nureral value selected ‘and
indicated on its respective left factor -numeial
wheel.

This disc carries a plurality of brushes ‘which
cooperate with a ‘set of contacts explained here-
inafter and determine the selection of the partial
product circuits used in multiplication and di-
vigion.

Set-up carriage shifting mechamnism

After a digit is entered'into a selected humeral
wheel the carriage is shifted toward the right
orie step to a position where the levers 25T mioint-
ed in the cartiage are alighed with the levers 258
associated with the next ritimeral wheel to the
right. A flexible cable 291 (Fig. 5) is attached
to a stud 292 (Fig. 11) mounted on the left factor
carriage 245 while the other end is wound around
a spool 293 (Fig. 5). A spring 284 tends to rotate
the Spool and thus pull the carriage toward the
right '(Fig. 11). Rightward movement is ‘nor-
mally blocked by one of a -Series of levers 295,
there being one such lever in éach order moiinted
on the same stationary stud 259 which supports
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the zero blocking lever 258 (Fig. 5). A spring
296 tends to rock lever 29% clockwise, but this
movement is prevented by the ear 280a of arm
280. When the arm is released by latch 278 and
moves downwardly the spring 298 is then free
to rock the stop lever 295 clockwise and out of
the path of a lug 237 slidably mounted on the
carriage, as shown in Fig. 5, and described more
in detail hereinafter. The carriage is then free
to move toward the right under urge of the spring
driven cable until the lug 297 strikes the next
stop lever 285. The set up of another digit in
the next order again releases the carriage and
so on after each digital value is set up.

The same keyboard effects entry of digital
values into the right factor indicator 130 (Fig. 1)
as well. In multiplication, the operator depresses
the “X” key 155 or the “Neg. X” key 156 after
entry of the multiplicand factor into the left fac-
tor indicator, and among other functions ex-
plained hereinafter the above “X” keys release
the left factor set-up carriage, effect the block-
ing thereof in a half step inoperative position, and
escape the right factor set-up carriage from its

half step position into its operative full step posi- o;

tion. Now assuming that the desired number of
multiplicand digits have been set up, the ma-
chine is in condition to receive the setting of the
first digit of the multiplier.

Taking these operations in the above order, the -

“X"” key 155 or “Neg. X key 156 (Fig, 2) is
adapted to rock the zero selecting shaft 190 so
as to release the left factor carriage. This shaft
is divided, as shown in Fig. 3, and has hubs 300
and 301 integral with the left and right sections
of the shaift, respectively. A flange integral with
the hub 301 has a nose 302 which overlies a lateral
extension 363 on the flange of hub 380, so that the
left half of the shaft, which controls only the
ieft factor set-up may be rocked counter-clock-
wise (as viewed in Fig. 2) by the “X” or “Neg. X"
keys without rocking the right half associated
with the right factor indicator, but when the
right half of the shaft is rocked by the linkage
from the zero numeral key, the nose 302 depresses

the lateral extension 303 and rocks the left half -

of the shaft. This arrangement is provided to
enable the “X” keys to release the left factor
carriage without releasing the right factor car-

Tt
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riage, and at the same time to enable the zero _

numeral key to rock both parts of the shaft for °

controlling entry of a zero in either the left or
right factor indicator.

When the left factor carriage is released by the
“X"” or “Neg. X” key, as described above, the
stud 292 (Fig. 11) mounted thereon moves to-
ward the right. An arm 323, pivoted on a verti-
cal shait 330, has a slot 326 in which the stud
slides, the shape of this slot being such that equal
linear steps of the carriage effect equal angular
steps of the arm. Therefore, by blocking the arm
325 in a half step position, the carriage may be
prevented from moving into its next operative
full step position, and this is accomplished by op-
eration of the following mechanism in response
to rotation of a shaft 335.

The arm 325 is shown in Fig. 11 in the position
six steps from its initial position. For example, as
if five multiplicand digits had been set up and the
carriage had been shifted ready to receive the
sixth digit. It will be noted that there are a series
of ratchet teeth 336 on the arm 325 and a pawl
337 adapted to move about a stud 338 info en-
gagement with any one of the teeth. This pawl
is formed into a bail, as shown in Fig, 9, and has

60
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a web 338, to which a spring 348 is attached to
urge the pawl in a clockwise direction. A latch
341 (Fig. 11) is secured to the shaft 335 and nor-
mally retains the pawl 337 in the position shown
in Fig. 11 against the tension of spring 340, but
when the “X” or “Neg. X" key 155 or (56 is de-
pressed the shaft 3395 and latch 34t are rocked
counter-clockwise by mechanism described in the
above mentioned application to release pawl 331.
This counter-clockwise rocking of shaft 335 re-
moves the hook of latch 341 (Fig. 11) from in
front of the web 339, whereupon the spring 340
is free to rock the pawl 331 into engagement with
a ratchet tooth 336 as shown in Fig. 12.

Stud 338 is integral with the pawl 337 and
is journaled in an elongated hole 343 in a sta-
tionary frame plate 345 (Fig. 9). This hole 343
is indicated hy the broken lines 343 (Fig. 11),
from which it can be seen that the stud is
normally held in the right end of the slot by
latch 341, but when released from restraint of
this latch it is moved into the left end thereof
as shown in Fig. 12, by the combined pull of
spring 340 and the ratchet teeth 336 of arm
325. The length of the elongated hole is such
that when the stud moves from the right to the
left end thereof, the arm 325 and the left factor
set-up carriage are permitted to advance, but
are limited to half a step where they remain
until the machine is cleared.

So far in this description it has been assumed
that a five digit multiplicand has been entered
into the left factor indicator, the “X" key has
been depressed, and the left factor carriage has
moved into its half step or inoperative position.
Next, the right factor carriage must be rendered
operative so as to effect entry of multiplier digits
intc the right factor indicator.

The right factor carriage also has a stud (not
shown) to which is connected a flexible cable
342 (Fig. 2) urged toward the right by a second
spring urged spool 349 around which the cable
is 'wound in a manner described in connection
with the left factor carriage. The right factor
carriage arm 350 is connected to the right factor
carriage 240 by means of a pin and slot con-
nection, similar to that described for the left
factor carriage, so that rightward movement of
carriage 240 causes a clockwise movement, as
viewed in Fig. 12, of arm 350. Arm 350 is pro-
vided with a series of teeth 352 which cooperate
with a pawl 353 freely mounted on stud 338 and
urged counter-clockwise into engagement with
the teeth 352 by a torsion spring 354 (Fig. 11).
An arm 356 of pawl 353 lies behind the web 339
so that when the spring 340 (Fig. 11) rocks
pawl 33T and its integral web 339 clockwise to
the position shown in Fig. 12 the pawl 353 is
rocked out of engagement with the right factor
ratchet 352 and releases the arm 350 and the
right factor set-up carriage which is then blocked
in its first full step operative position by the
first one of the series of stops 295 (Fig. 2) in
exactly the same way deseribed in connection

- with the left factor set-up carriage.

The right factor set-up carriage 240 (Fig. 2)
also has a series of levers 257, each being adapted
upon actuation to rock into blocking position a
selected one of the blocking levers 258 in the
current active order of the right factor indicator
{30, thereby setting the arm 286 in said order.
The arm 280 in each order transmits its move-
ment to its associated numeral wheel 357 (Fig. 2)
by means of the segment 358, gears 359, and
361, there being a spring 362 connected to gear
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36! to provide the torque for the above train.

An arm 365 having a brush insulated there-
from, is integral with each of the arms 288 of
the right factor or multiplier selecting mecha-
nism, which brush sweeps across a plurality of
contacts 366 mounted on an insulating plate
fixed on the machine frame. These contacts are
located at positions corresponding to the angu-
lar positions of stops 258 with respect to shaft
2710, and have values 0 to 9, reading counter-
clockwise from the position of arm 385. There
is one brush and series of contacts for each
numeral wheel in the right factor indicator 130,
which brushes and contacts condition certain
multiplier selecting circuits, described herein-
after, for multiplication by the multiplier digits
thus set up.

It is to be understood that the parts and op-
eration of the right factor set-up mechanism
not specifically described are the same as those
disclosed hereinbefore in connection with the
left factor set-up mechanism. The principal
difference between the two mechanisms is that
the left factor arms 280 (Pig. 5) set the discs
851 which compose the multiplicand side of the
partial product selecting mechanism, while the
right factor arms 280, select the contacts 386
to later determine energization of their respec-
tive multiplier solenoids, which then control the
setting of the multiplier sides of the partial
product selecting mechanism. This difference
is due to the fact that all multiplicand digits are
multiplied by only one multiplier digit at a time
and that while the multiplicand side of the par-

tial product mechanism may be directly set by .-

the present selection mechanism the multiplier
selection must be stored and later utilized to de-
termine the setting of the multiplier side of the
partial product mechanism by electrical means

contrelled by the multiplier selecting switches.

DRIVING MECHANISM

Motive power is employed to drive the various
mechanisms of the present machine through three
principal clutches, which are selectively engage-
able, namely, a main clutch, a shift clutch, and
a clear clutch. 'The description and operation of
each of these clutches is fully disclosed in the
aforementioned Patent No. 2,467,419 and only a
brief description of the pertinent parts necessary
for the understanding of the operation of the
multiplication mechanism will be given herein.

Main clutch

The main cluteh is used to drive numerous ;

control cams and ordinal numeral wheel clutches.
A main timing switch is also driven by the main
clutch in synchronism with the numeral wheel
drive shafts and is adaspted to control certain
electro-magnetic devices described hereinafter,
which, in turn control the action of the numeral
wheel clutches in accordance with the setting of
the selecting mechanism.

The main clutch is driven by the motor through
gear 412 (Fig. 13) fixed to the electric motor shaft
413, gears 414, 416, 411, and 418. The latter gear
is fixed to a main clutch driving disc 421, and
forms an integral unit freely rotatable on the
cluteh shaft 410. The main clutch is of the same
type of construction as the clutch in the Avery
et al. Patent Number 2,162,238 issued June 13,
1939. A main clutch (MC) solenoid 550 (Fig. 13)
is energized upon depression of certain of the
control keys explained hereinafter and effects en-
gagement of the main clutch when the solenocid
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pulls the clutch control dog 554 down, whereupon
the cluteh pawl 419 is released and a spring 422
rocks the pawl into engagement with the rotating
drive dise and is driven therewith. This pawl 419
is pivotally mounted on a clutch disec 555, which
dise is keyed to the shaft 410. Therefore when
the cluteh is disengaged as shown in Fig. 13, the
gear 4i8 and disc 421 rotate idly, but when the
cluteh is engaged the pawl 419, clutch disc 555,
and shaft 418 rotate with the driving disc 421.

Downward rocking of the main clutch control
dog BBA also starts the electric motor for driving
the cluteh, and this is accomplished by providing
a switch not shown which is normally held open
hy the main clutch dog 554 (Fig. 13), but when
the cluteh control dog is rocked to clutch engag-
ing nosition, the switeh is allowed to close and
thereby connect the motor to the main power line
of the machine.

Drive to numeral wheels

The transmission train between the main clutch
and the numeral wheels includes a gear 556 (Fig.
18) which is fixed to the end of the main clutch
shaft 418 and drives directly to a gear 557, and
also through a reverse idler 588 to a gear 559.
Therefore whenever the main clutch is engaged
the two gears 557 and 559 rotate in opposite di-
rections as indicated by the arrows in Fig. 13,
and may be selectively coupled to a gear 569, so
as to drive that gear and therefore gear 513 and
gear 574 integral with a product numeral wheel
drive shaft, in either direction as fully described
in the aforementioned Patent No. 2,467,419. By
means of this reversing mechanism either positive
or negative actuation of the product numeral
wheels may be effected, depending upon whether
the “X” or negative “X” key is depressed, as will
be fully described hereinafter.

In addition to providing power drive for the
product numeral wheels, as just described, the
counter numeral wheels (Fig. 1) are likewise
driven by motor power, and a transmission drive
train is therefore provided to drive the counter
shaft 575 (Figs. 13 and 15). This train derives
its power from the product gear train and is
therefore subject to control of the product re-
verse mechanism described above. The counter
numeral wheels are also adapted to receive and
accumulate multipliers, and therefore ordinarily
are arranged to be driven in a positive direction
simultaneously with positive drive of the product
numeral wheels during multiplication.

REGISTERS

Tach ordinal numeral wheel of the product and
counter registers is actuated by an ordinal clutch
which forms a part of the numeral wheel cluteh
assembly. To enter a selected digit in a numeral
wheel 5988 (Fig. 2) the clutch is engaged at a

4 fixed time in a digitation phase of the actuating

cycle, and is disengaged at a selected time during
the remaining part of the phase to stop the nu-
meral wheel in accordance with the digital value
selected. This type of clutch is shown and de~

» seribed in the U. 8. Patent No. 2,416,369 issued

February 25, 1947, to Harold T. Avery, to which
reference may be had for a description of the
parts of the clutch and control mechanism there-
fore.

The control of the numeral wheel clutches is
derived from the operation of a timing switeh,
adapted to effect energization of certain electro-
magnets or solenoids which exert a direct control
over the elutches. This timing switch 610 (Fig.
23B) ineludes a stationary insulating disc having
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a plurality of contfacts molded or otherwise
mounted thereon, and an arm &i7. This arm is
mounted for rotation with the main clutch shaft
£10 and is driven in time with the numeral wheel
drive shafts, which are also driven by the main
clutch. The arm 617 carries four brushes shown
by dotted lines in Fig. 33B, and identified by the
reference numeral 692. Since the four brushes
are electrically connected and could as well be a
single brush spanning the four circles of contact,
these brushes will be considered as a single brush
692 and referred to as such hereinafter.

Engagement of the numeral whesl clutches is
affected at a fixed time early in the main clutch
cycle by movement of the brush 682 onto contact
646, thereby connecting that contact to the
ground contact ring 693, and completing the cir-
cuit from the main line 381 through leads 848
and €49 and through the PCE (product clutch

engaging) solenoid 601 to the junction point €55, ¢

and also from the lead 648 through a parallel
circuit including lead 652, the normally closed
contacts 653 and 1169, lead 654, and CCE (coun-
ter clutch engaging) solenoid 602 to the junection
655, and therefrom to the contact 64§, brush
692, and the contact ring 693 to ground. Closurs
of the above circuit at the fixed time in the cycle
therefore energizes the solenoids §31 and €02 to
effect engagement of the product and counter

numeral wheel clutches, as fully described in the 32

aforementioned Avery Patent No. 2,416,369.
Inasmuch as the product and counter numeral
wheel clutches are the same insofar as the
present description is concerned, only the product
mechanism will be described.
of a product numeral wheel clutch is eaused by
an ordinal clutch control magnet 658 (Figs. 2
and 33A) which is energized at a selected time
in the cycle. The numbered contacts 618 (Fig.
33R) are spaced relatively to the movement of
the numeral wheel so that the brush €92 mount-
ed on the arm 617 sweeps from one contact o
the next synchronously with the movement of
the numeral wheel from one numeral to the nexs.

A plurality of partial product selectors, describsd 4

hereinafter in connection with partial product
multiplication, are adapted to connect selected
ones of the contacts 618 of the timing switch into
the digitation control circuits controlling the

magnets 660 in such a way that if one of the

partial product selectors in a given order is set
for a five product selection for example, the num-
ber 5 selection circuit connected to the number
5 contact 618 only is closed, and as the numeral
wheel, in the order with which it is associated,
approaches the fifth digit from an initial posi-
tion, the brush 692 passes onto the number 5
contact and completes the circuit from ground
through the contact ring 693, brush 682, the
number 5 contact 618, the lead 835 (Figs. 33B
and 33A), through a respective partial product
selector 850, the switch 895, a product shift switch
1 {00 described hereinafter, through the selected
numeral wheel control magnet 660 fo the lead
C&1 which is connected to the main line, thereby
causing energization of this magnet and dis-
engagement of the numeral wheel clutch as the
numersal wheel enters its fifth position.

Digitation and transfer phase swifches

Each calculating cycle of the present machine
is composed of two digitation phases which are
provided to enable entry of the RHPP (right
hand partial products) and LHPP (left hand
partial products), under control of the partial

Disengagement ¢
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product selectors 888 (Fig. 32A) which will be
described in detail hereinafter. For the purpose
of the instant description, however, it is sufficient
to understand that each product register magnet
£€9 is controlled by a digitation circuit during
the RHPP and LHPP digitaticn phases, and is
controlled by a transfer cireuit during the two
transfer phases, one of which latter phases
follows each of the two digitation phases so zs
to effect the entry of transfer increments result-
ing from the entry of the partial product digits.
Switches 683 (Fig. 33A) which correspond to
the swtches of the same number in said Avery
Patent Number 2,416,369 are provided in each
order of the product register to connect the mag-
net 650 in its denominational order, first into
the digitation circuit for entry of the RHPP digit.
then into the transfer circuit, back into the digi-
tation circuit for entry of LHPP digit, and then
again into the transfer circuit.

PARTIAL PRODUCT MULTIPLICATION

As previously mentioned the present partial
product multiplying mechanism is based on a
modified slide rule principle whick effects a
saving of parts in the machine and simplifies
the operation thereof.

It should be understood that while the partial
product mechanism is disclosed hereinafter only
in connection with multiplication that this same
mechanism is also used in division operatons
During such operations the multiplicand side
of the partial product selectors are set by the
left factor receiving device in accordance with
the divisor value set therein and the multiplier
side of the partial product selectors are set in
accordance with the guotient digit which is
estimated by the division mechanism disclosed
and claimed in the divisional application Serial
No. 554,558, filed September 18, 1944, since aban-
doned in lieu of the continuation in part appli-
cation Serial No. 81,5601, filed March 15, 1949,
now Patent No. 2,538,826, issued January 23, 1951.
The present partial product multiplying mecha-
nism thus multiplies the divisor by the estimated
auotient digit and negatively enters the product
into the accumulator register which contains
the dividend or current dividend all as is fully
described in the last mentioned patent.

The above mentioned simplification is pri-
marily effected by so arranging the contacts
that the same contacts are used for all problems
which result in a given product. For example,
in setting up of the problems 38, 46, 64
and 8X3, the same contacts which determine
the value of the resulting product are brought
into operation. This result is accomplished by
spacing the selection contacts at ratlos of dis-
tance corresponding to a modifled or quasi-log-
arithmic relationship and by advanecing the con-
tacts and brushes through steps similarly corre-
sponding to the quasi-logarithms of the multi-
plicand and multiplier factor digits to thereby
bring the brushes upon the contacts correspond-
ing to the units and tens partial products digits
of the multiplicand and multiplier digits se-
lected. In order to position the brushes square-
ly on the face of the proper contacts in each
instance, the successive spacing of certain of the
selection steps are made in simple multiples of
a selected increment of distance. In order to
not spread out unduly or have to graduate the
selection range too finely, the entire selection
range from 1 to 9 is divided into sixteen equal
increments of distance, and the various selec-
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tion positions are spaced from each other by
the number of increments listed in the following
table.

TABLE A

Selection Increments

N O o W R
ot

<o

It will be noted that this is only a rough
approximation to a logarithmic scale, the spac-
ing from the 5 to 9 selection being in accordance
with a straight linear scale, and yet it will be
observed that the number of increments of dis-
tance separating 1 and 2 is the same as that
separating 2 and 4, 3 and 6, and 4 and 8, namely,
five increments in each case. Furthermore, the

distance separating 2 and 3 is the same as that &

separating 4 and 6, and 6 and 9, namely, three
increments in each case. Similarly, it will be
found that practically all ratios which occur
more than once between the various digits from

1 to 9 are, in this arrangement, separated by -

the same number of increments of distance each
time they occur.

Fig. 16 illustrates this arrangement schemat-
ically, in which the block 8860 carries two contact

10

20

brushes 801 and 802, from which current may ¢

flow through the wires 803 and 804, respectively,
in a manner hereinafter described. The block
800 is advanced toward the right in accordance
with the multiplicand selection, as indicated on
the scale 805.
group of RHPP and LHPP contacts 807T—0 to
807—9 and 808-—9 to 888--T, respectively, ar-
ranged in selected sizes and locations as shown.

It will be noted that there are no contacts
803—8 and 803—8.
inasmuch as an 8 is the highest possible LHPP,
i, e. 9X9=81, furthermore no electrical control
means are required to effect an 8 LHPP since the
controls are so arranged that in multiplication

an 8 LHPP is effected automatically unless a

lower value LHPP is selected. An 8 LHPP con-
tact 808—8 is indicated in dotted lines on the
schematic lay out to show that such selection
is obtained as described above.

The plate 810 is moved toward the left in
accordance with the multiplier digit selected as
indicated by the scale 815, the length of the
various steps being graduated so as to equal to
the corresponding steps of the multiplicand
scale 803.

At the bottom of Fig. 16, all possible single
digit multiplications are listed in such an ar-
rangement that each multiplication appears di-
rectly below the contact on contact block 810
upon which the brushes 801 and 802 will rest
when the corresponding multiplication is set up.

For instance, directly beneath contact 807—8.

there appear the multiplications 1X8, 2X4, 4X2,
and 8X1. If contact block 889 is brought op-

posite the digit 1 on the scale 805 and block 7

A contact plate 810 carries a .

No such contacts are needed o

-7

0
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; blank position.
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8i8 is brought opposite the digit 8 on scale 815,
brush 801 will be resting on the number “8” con~
tact 807—8 and the brush 802 will come to rest
on the zero contact 808—0; and if the blocks are
similarly moved to set up any of the problems
24, 4X2, or 8X1 it will be found that these
same brushes will be resting on these same con-
tacts. Similarly, in the multiplication of, for
example, 6X2, the block 860 is moved opposite
the digit 6 on scale 805 and block 810 is moved
cpposite the digit 2 on scale 815, then the brush
801 will rest on the number “2” contact 80T—I(2
and brush 802 will rest on the number “1” con-
tact 808—1, and similarly for the other multi-
plications listed.

In partial product multiplication of, for ex-
ample, seven times nine equals sixty-three, the
6 is sometimes referred to as the tens partial
product and the 3 the units partial product,
but to avoid confusion between the tens partial
product and the term “tens transfer” the 6 and
3 will be referred to hereinafter as the left hand
and right hand partial products and abbreviated
LHPP and RHPP.

It will be noted that the products of the multi-
plications listed in each column are the same
except in columns 820, 821, 822, 823, 824, 825, and
826, were two different products result from the
multiplications listed, and in columns 827 and
828 where three different products result there-
from. This conflict of different products falling
in the same column is due to the fact that the
scales for the multiplicand and multiplier are not
truly logarithmic throughoutf, but in order to
maintain the relative value of the different steps
in whole increments of distance, and to make
them truly enough logarithmic to clear up all
such conflicts it would be necesary to spread the
selection movement so greatly or to narrow down
the increments of distance so finely as to be
quite undesirable in producing a compact, de-
pendable machine. In the interest of compact-
ness and over-all simplicity the arrangement
shown is, therefore, regarded as preferable in the
particular machine embodying this feature.

It will be noted that whenever more than one
product appears in any vertical column the extra
products involve either a five or seven multi-
plicand or multiplier, and that whenever three
products appear in a column the five multiplier
or multiplicand gives rise to one product, and the
seven to a second product, while multiplication
of two factor digits, in which both multiplicand
and multiplier digits or any of the other flgures
from 1 to 9 except 5 or 7, gives rise to the third
product. Therefore, by an arrangement to he
described hereinafter, the brush 801 is adapted
to be moved to the position 881z whenever a
five multiplier or multiplicand is involved and to
the position 8015 whenever a seven multiplier or
multiplicand is involved, and will remain in the
position shown in all other cases, except when a
given order or the multiplicand selection mech-
anism is set at zero, or is unset and stands in a
In the physical embodiment, the
zero contact 808—0 (Fig. 19) is connected to
both LHPP and RHPP circuits by the stationary
brush 880 (Fig. 21) and the brush 875 which is
adjustable to contact the brushes 881, 88ta, 801b,
802, To avoid confusion between the contacts
881 and 802 and to simplify the schematic illus-
tration of Fig. 16, the contact 881 is shown in its
upper position and the zero contact 808—i{ is
shown with an upturned extension underlying
the contact 801.
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The RHPP and LHPP contacts are connected
to wires 830 to 839, leading from a timing switch
described hereinbefore and receive electrical im-
pulses at times in the machine cycle which are
indicative of the digits 0 to 9. A selected im-
pulse is thus transmitted from the corresponding
RHBEPP contacis to the brush 801 and therefrom
to its respective numeral wheel cluicn control
magnet during the RHPP digitation phase of the
machine cycle. When this phase is completfed
the RHPP bhrush 801 is switched out of circuit
and the LHPP brush 802 is switched in, to simi-
larly conduct a selected LHPP impulse Irom
leads 830 to 838, through a selected LHPP con-
tact, brush 882 and lead 804, to the next higher
numeral wheel clufch magnet for effecting entry
of the LHPP digit.

Partial product selectors

The physical embodiment of the arrangement
shown schematicaly in Fig. 16 includes a partial
nroduct selector 685 (Fig. 22), operatively asscci-
ated with each ominational order of the mul-
tiplicand or left factor indicator, there being eight
such orders and selectors in the present machine.
Each selector §59 is composed of a multiplicand
disc 851 and a multiplier disc 852, the arrange-
ment being such that each disc 851 is set accord-
ing to the multiplicand digit selected in its re-

spective order while all the discs 882 are simul- 3

tanecusly set according to a selected multiplier
digit and are successively reset during the multi-
plication problem according to each successive
digit of the muiltiplier factor. By means of this
arrangement all the multiplicand digits are
nultiplied by sucessively selected multiplier
digits, one at a time, and each partial preduct
selector determines the RH and LH partial prod-
ucts of the respective multiplicand digit times the
current multiplier digit.

Ten plates or laminations 858 to 889 are indi-
vidually insulated and molded or otherwise en-
closed in a casing 856 made of insulating mate-
rial. The casing is keyed to the shaft 270 (Figs.

8 and 22), which shaft is successively set to a .

series of rotational positions ccrresponding to
multiplier digits selected by mechanism inciud-
ing a series of multiplier solenoids described.
hereinafter, this setting corresponding to th
movement of plate 810 (Fig. 16) along the scale
€45, FEach lamination 8§88 to 833 (Fig. 23) rep-
resents one of the digits “zero” to “ning” and is
connected to its respective lead 238 to 838 (Fig.
12) corresponding to the leads of the same num-
her in Figs. 16 and 33A and 33B. Of these, th
number 1 conductor 831 and the number 6 con-
ductor 836 are shown in Fig. 22 and the construc-
tion there shown is typical for all of these con-
ductors. The conductor 831, for instance, com-
prises pins 83{a and -831b in each ordinsl selec-
tor, each pin 83fa being fixed in its casing 8¢
and each pin §31b being slidable in a hole in the
hub of the plastic casing. Springs 848 are com-
pressed between the pins to conduct current from
one pin to the next and to press the pin 83{b
against the adjacent pin §3la in the nexi order
to the right, each line of pins 83J-533 (Figs. 19
and 22) keing connected by a flexibie lead to the
conductor of the same numberr in Figs. 33A
and 33B.

Each pin $38¢ to 83%a (¥igs. 23 to 32, in-
clusive) is connected to .its respective lamina-
tion or contact plate 889 to 858 as follows: in
line with the pin 838a¢ (Fig. 23), for example,
is a lug 870 of plate §50 having a hole which
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Is a press fit for pin 830aq, while a large clear-
ance hole 871 is provided in this contact plate
for passage of all the cther pins, such as pin
232%¢, which latter hole may be partially filled
by the insulation material of the casing 856,
as shown also in Fig. 22. Pin 830a only is thus
cennected to the number “0” plate 860 and to
only that plate, while as indicated in PFig. 24,
pin &3ta is similarly connected to the number
“1” plate 881 only, and as indicated in Figs.
25 to 32, inclusive, each of the remaining pins
$22¢ to 839%aq, inclusive, is similarly connected
to only its respective plate 862 {o 869, inclu-
sive.

Each plate €50 to 833 has a plurality of holes
€08 (Fig. 24) which are leccated angularly in
positionis corresponding to the linear position
of the respective RHPP contacts in Fig. 16.
A plurality of pins 837 such as the number 4
pin 807—3 and the number 1 pin 807—I (Fig.
22) are fixed in the casing 886 and extend
through the plates €58 to 889, inclusive. Each
pin passes through clearance holes in all plates
except one, to which one plate, it is connected
by a press fit into a smaller hole, as for exam-
ple each number 4 pin 807—4 (Fig. 22) passes
through the clearance holes in all plates ex-
cept the number 4 plate 864, Similarly, each
number 1 pin 807—1 is connected to only the
number 1 plate 831. Referring again to Figs.
23 to 32, the double circles indicate the points
at which the pins do not connect with the plate,
the inner circles representing the pins, and the
outer circies the clearance holes. The single
circles indicate the pins which are in contact
with the plates, as for example the number 3
RHPP contact 867—38 (Figs. 15 and 31) is con-
nected to only the number 8 plate 868, and the
zero LHEPP contact 808-—8 (Fig. 16) is connected
to the zero plate 269 (Fig. 23) by two pins
308—0° and 88—08’’, which pins pass through
clearance hecles in all the other plates.

The afcrementioned multiplicand side of the
partial product selector which may be more
hriefiy termed the multiplicand disc 851 (Figs.
21 and 22), is fixed to the gear segment 281
‘Fig. 5), in each crder of the left factor select-
ing mechanism, and is therefore selectively set
by movement of arm 230 to selected numeral
positions corresponding to the movement of
pointer 509 (Fig. 16) to selected digital posi-
tions on the scale §38. Each disc 851 has four
contact strips (see Fig. 2i) which terminate in
brushes 892, 801, 8%ie, and $01b, corresponding
respectively to the brushes designated in Pig.
16 as brush £22 and as brush 801 in the 301,
8Gla and 8&(b positions, the only difference
being that in the physical embodiment shown
in Fig. 21 the four separate brushes are fixed
relative to each other, there being a stationary
LHPP arm 388 which always rests on the con-
tact strip of the LHP® brush 802 only, and an
RHPP arm 83%% which is adapted to be shifted
onto any cne of the four contact strips. The
latter arm is fixed to and insulated from a lever
8158 (Fig. 2D which is pivoted on a shaft 899
and urged counter-clockwise by a spring 881,
Two rollers €17 and 878 are mounted on arm
816 and roll on the periphery of the discs 851
and 852, respectively, so as to limit the counter-
clockwise movement of arm 875. A zero lug
€85 is so located on each multiplicand disc
851 that when a given order of the multiplicand
or left factor selecting mechanism stands in
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the blank position shown in Fig. 5 or is set to
the zero position, the zero lug rocks arm 875
to its extreme clockwise position in which it
rests on the contact strip of the brush 802.
Therefore when a multiplicand disc 851 is set
at zero, the brush 802 rests on the zero con-
tact 808—0 (Fig. 19) regardless of the setting
of the multiplier disc 852, and since both the
arms 815 and 880 engage the contact strip of
the brush 802 when a zero multiplicand digit
is selected in any order, the RI and LH partial
products involving a zero multiplicand digit are
always. zeros regardless of the value of the
multiplier digit selected. There is no zero lug
on the multiplier disc 852 (Fig. 19) because
when ‘a zero digit occurs in any order of the
multiplier factor no multiplication cycle takes
place in that order, but instead there is a shift
operation explained hereinafter. -

There are two other lugs 886 and 887 on disc
851 (Fig. 21) and lugs 886a and 887a on disc
852 (Fig. 19), which are so located that when
either disc 85! or 852 is set to a position corre-
sponding to a seven multiplicand or multiplier
réspectively, the respective lug 887 or 887a rocks
the arm 875 onto the contact strip of the brush
801b. The latter. brush may, therefore, rest
on any of the contacts in line with the 881b
position of brush 861 (Fig. 16), depending upon
the selection, and in any such case when a
seven multiplicand is involved such as 7X1,
1X7, TX2, 2X17, etc.,, the brush 80{b rests on
the corresponding RHPP contact described
hereinbefore in connection with Fig. 16.

Similarly, if a five multiplicand or multiplier
is set up, the lug 886 or 886ac moves under the
roller 817 or 818 and limits the arm 875 (Fig. 21)
for movement onto the contact strip of brush
801a. The contacts shown schematically in Fig.
16, which are in line with the 80{a position of
brush 80{ are connected to only the “0” or “5”
timing switch leads, therefore when the arm 815
(Fig. 21) is positioned on the contact strip of
brush. 881a, the arm conducts timed impulses
indicative of a five or zero RH partial product
digit from the brush 80la to the digitation con-
trol circuit described hereinafter.

When any other multiplier or multiplicand,
namely, a 1, 2, 3, 4, 6, 8, or 9 is set up the rollers
877 and 8T8 (Fig. 21) are rocked downwardly
by spring 881 and are limited by the normal
circumference of the discs 851 and 852, where-
upon the arm 815 rests on the outer contact
strip of the brush 80Cl, so as to render the outer
circle of contacts (Fig. 19) effective to control
entry of the RH partial product digits.

The positions of the multiplicand and multi-
plier selection discs 851 and 852 are indicated in
Fig. 19 by characters B, 0, 1-9 on one arc and
1-9on a second arc. The brushes 8081, 80ia, 80ib,
and 802 are shown in Fig. 21, in their normal
blank position designated by the character B.
The dotted radial lines number 0 to 9 indicate
the position to which the brushes are set to
correspond to the digits 0 to 9 entered into the
left factor indicator. The same positions of the
same brushes are shown by dotted lines in Fig. 19
and the inner arc of numbers B, 0, 1-9, designated
Md, represent the positions to which the brushes
are so set. The disc 852 is shown in Fig. 19 in
its number one position, which is its normal
position. The center of the keyway of shaft 270
is used as an index point and is correspondingly
numbered “1,” and the outer arc of the numbers
1 to 9 designated “Mr” indicate the positions
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to which all the discs 852 are set in accordance
with a selection multiplier digit.

From the foregoing it may be seen that in a
problem such as 3X9=27, for example, the
brushes are moved from the normal position B,
counterclockwise to the number 9 position, and
the disc 852 is moved from the number 1 to the
number 3 position. These two relative move-
ments position the brushes on the contacts falling
on the dotted radial line designated “27,” wherein
the brush 802 engages the LHPP contact 808—2
and the brush 801 engages the RHPP contact
287—1, corresponding to the product 27. Since
neither of the factors involved a 5 or 7, the arm
8715 (Fig. 21) is positioned on contact strip 801,
and since the brush 880 normally rests on the
contact strip of the brush 802, the machine is
conditioned for the entry of 27 into the product
register.

As stated hereinbefore there is an RHPP digita~
tion phase and an LHPP digitation phase of each
actuating cyele. During the first phase RH
partial product digit is entered into a selected
product numeral wheel, and during the second
phase each corresponding LH partial product
digit is entered into the product numeral wheel
in the respective next higher order. To accom-
plish this nine “RHPP-LHPP digitation switches”
895 are provided, namely, one switch on either
side of each of the eight partial product selectors
850, as shown in Figure 33A. These are double
throw switches, having a contact 893 connected
to the partial product selector immediately to
the left and a contact 894 connected to the
selector immediately to the right of the switch.
During the RHPP phase the switches 895 assume
the position shown to connect the RH selector
arms 875 to the associated numeral wheel control
magnets 660, and during the LHPP phase the
switches are all shifted toward the right to con-
nect the LH brush arm 880 to the next higher
order numeral wheel magnets 660, whereby the
RH partial product digit selected by a given
selector is entered into an associated order of the
product register, and the LH partial product digit
is entered into the next higher order of said
register. The two digitation switches 895a¢ and
8950, to the left of the I selector 850 and to the
right of the VIII selector 850, respectively, are
connected on one side to the zero timing switch
lead 830. By means of this arrangement the lead
886, for example, which transmits a timed im-
pulse from the I partial product selector during
the LHPP phase is adapted to transmit a zero
impulse to its associated numeral wheel magnet
during the RHPP phase; and similarly the lead
887 which transmits the selected impulse from
the VIII selector to the associated magnet 660
during the RHPP phase, is adapted to transmit
a zero impulse thereto when the switch 885b is
shifted to the right during the LHPP phase.

The nine switches 895, four of which are shown
in Fig. 17, are situated transversely in the ma-
chine, intermediate the partial product seléctors,
as follows. The contacts 893 (Fig. 21) carried
by arms 892 are mounted on and insulated from
a stationary frame number 896 and are connected
to their respective RHPP arms 815 by leads 863;
while the other contacts 894 are mounted on the
stationary LHPP arms 880. The shiftable arm
of each switch 895 has two contacts which engage
either of the contact 893 or 894, each arm being
mounted on a slide 898, made of insulating ma-
terial. A spring 899 (Fig. 17) pulls the slide
toward the left at the beginning of the cycle so
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as to close the RHPP circuits, including, in each
order, the arm 815 (Fig. 21), lead 803, contact 893,
switeh 8§95 (Fig. 33A) and ordinal leads such
as lead 1055 to an electrical shift switch 1103,
described hereinafter, which connects the fore-
going circuit to the selected produci numeral
wheel control magnet 660.

The mechanism for actuating the above
switches at the correct time in the cycle includes
a cam 900 (Fig. 18) which is mounted on the
main clutch shaft 410 and therefore rotates one
revolution in the direction of the arrow during
each cycle. During the first half cycle when the
RHPP digitation is effected, a roller 901 merely
rolls around the concentric low portion of the
cam without effecting any movement to arm 902.
Before the LHPP digitation phase is started,
however, the cam rocks arm 902 downwardly and
holds it there as the roller rides on the concen-

tric raised portion of the cam. Arm 802 is o

secured to shaft 903 which has a second
arm 904 fixed thereto. A link 905 is con-
nected to arm 984 and is guided on a stationary
stud 806 extending through an elongated hole
907, to allow the link to slide back and forth. A
spring 908 normally maintains the link in the
leftward position shown, but when the arm 802
is rocked down by cam 800 the link 995 is pulled
toward the right. A camming surface 909 (Fig.
17) then engages a roller 910 to cam the slide 898
toward the right and to open the contacts 893
and to close the contacts 894. The RHPP digita-
tion circuits are thus opened and the LHPP
digitation circuits closed.

Solenoid control of multiplier setting

As explained hereinbefore, the multiplicand
side of the partial product selectors are indi-
vidually set by movement of the left factor arms
280 (Fig. 5) in accordance with the different
digits of the multiplicand factor, while the mul-
tiplier selection switches, including the arms 365
(Fig. 2) are selectively set on the contacts 366 ac-
cording to the movement of the right factor arms
280 in their respective orders. The multiplicand
digits may be multiplied by only one multiplier
digit at a time; therefore, the multiplier selec-
tion switches serve as a storage device for the
multiplier factor and are utilized digit by digit,
to control the multiplication. These multiplier
switches §50, comprising the arms 365 and con-
tacts 368, are shown diagrammatically in Fig.
33B but illustrated in greater detail in Fig. 2,
there being one arm 365 and related mechanism
for each numeral wheel in the right factor indi-
cator 130 (Fig. 1), as indicated by Roman nu-
merals in Fig. 33B.

The selection switches 950 are normally dis-
connected from the multiplier control circuit and
it is necessary to effect movement of the brush
912 of the multiplier shift switch {000 from the
normally ineffective position in which it is shown
in Fig. 33B onto one cf the contacts 957, 958, et
cetera, before the setting of any of the switches
950 may become effective to control the multi-
plication. This preliminary shift switch move-
ment is accomplished by depression of the “X”
or “Neg. X” key following the set up of the
multiplicand factor, which depression closes a
main multiplication control switch 951, thereby
completing the circuit including the normally
closed switch 952 connected to the main line 381
(Fig. 33B), lead 953, stationary contact 954,
brush 912, a second stationary contact 955, the
zero multiplier selection lead 920, a winding of
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the SC (shift clutch) solenoid 966, leads 1115 and
856, switch 951 to ground. Energization of the
SC solenoid closes a motor switch 962 and the
circuit through the electric motor 405, and also
effects engagement of a shift clutch which ad-
vances the multiplier shift switch brush 912 one
step counter-clockwise, to connect the I multi-
plier selection switch 958 into the multiplication
control circuit described hereinafter.

The closure of the aforementioned main mul-
tiplication control switch 951 is effected by the
following “X” and/or “Neg. X” key mechanism.
A latch bar 930 (Fig. 8) is longitudinally slidable
on the two studs 304 and 305 which support the
“X” gnd “Neg. X” keys described hereinbefore.
This Jatch is urged toward the left by a spring
931, tensioned between a stud 832 of the bar and
the stationary stud 304, but normally prevented
from such leftward movement by the ear 307 on
the “X” key stem, which ear blocks a hook 934
on the latech bar when the key is in raised posi-
tion. A second latch bar 935 is similarly mount-
ed and has a hook 986 which is blocked by the
ear 308 on the “Neg. X” key stem. When either
of these keys is depressed its respective latch
bar is free to move toward the left, whereupon
the respective hook 934 or 936 moves over the
top of the associated ear 307 or 308 and latches
the respective key in depressed position. An
insulation lug 938 is mounted on each bar so that
the switch 951 is closed when either key is de-
pressed. The bar 935 only, namely, the one as-
sociated with the “Neg. X" key, has a second lug
939 which, when moved toward the left, allows
a negative multiplication switch 942 to close.
Except for this latfer switch and lug 9389, both
keys and related mechanism are the same, there-
fore, throughout the remainder of this descrip-
tion reference will be made only to the “X" key,
and it may be assumed that the same operation
will result from the depression of the “Neg. X"
key except that closure of the switch 942 ener-
gizes the MR and CR solenoids which cause the
product register to operate negatively and
counter register to operate additively. This ef-
fects what is known in the art as “negative mul-
tiplication.”

The closure of the switch 951 (Fig. 8) and the
resulting energization of the SC solenoid (Fig.
33B) by the related circuit described immediately
hereinbefore, causes engagement of the shift
clutch as follows and thereby causes a prelimi-
nary shift cycle. The SC solenoid 960 (Fig. 2)
is connected to the shift clutch control dog 961
by a link 963, so that energization of the solenoid
pulls the clutch control dog downwardly to clutch
engaging position. The shift clutch 965 is simi-
lar in construction to that of the main clutch
hereinbefore described and comprises briefly a
clutch dog 966 which, when released by the con-
trol dog 961, rocks into engagement with a drive
disc 967, freely mounted on the shift clutch shaft
970. A gear 971 is infegral with the drive disc
and meshes with a gear 912 driven by the same
gear 414 which drives the main clutch, shown in
Fig. 13. A clutch disc 968 on which the pawl
966 is pivotally mounted is keyed to the shaft 970
and when the clutch is engaged the drive disc
drives the clutch disc and shaft one revolution
in a clockwise direction for each cycle of the
clutch., The main clutch and shift clutch gear
trains are such that the shift clutch is driven at
approximately five times the speed of the main
cluteh, so that a shift cycle may be effected dur-
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ing the latter part of the main clutch cycle as
will appear later.

A cam 915 (Fig. 7A) is mounted for rotation
with the shift clutch shaft 970 and is adapted to
rock a lever 976 counter-clockwise about a sta-
tionary shaft 871, a spring 918 being provided to
maintain the roller 2719 (mounted on said lever)
against the cam and to normalize the shift mech-
anism when the cam returns to its full cyele posi-
tion shown. A link 989 connects the lower end
of lever 976 to a pawl 981 (Fig. 7) to which the
link is pivotally attached by means of a stud
982. This pawl has an elongated hole 983 which
is guided by a stud 984 fixed to the machine
frame. When the shift clutch is engaged and link
980 is pulled upwardly, as viewed in Fig. 7A, or
rearwardly with respect to the machine, the hook
on pawl 981 rotates a ratchet wheel 898 counter-
clockwise a distance slightly in excess of one
tooth. The ratchet is held in the position one
tooth advanced by a holding pawl 991, while the
pawl 981 returns to the position shown to engage
the next tooth. The holding pawl is pivoted on
the stationary stud 984 and urged clockwise by
a spring 992.

A gear 991 is fixed to the ratchet 999 and
meshes with a second gear 998 which drives the
brush 912, said brush being shown diagrammati-
cally in connection with the multiplier shift
switch in Fig. 33A. The product shift switch
1100 (Fig. 33A) is connected to the multiplier
shift switch by a suitable gear train described
in the above mentioned Patent No. 2,467,419,
The arrangement is such that this preliminary
shift eycle moves the product shift switch to a
position for causing entry of the product digits
into the I, II, ITI, etc., orders of the product
register, and the brush 812 is shifted from con-
tact 955 (Fig. 33B) to contact 957 at the same
time, so as to open the circuit to the SC solenoid
and limit the shift clutch to one cycle of oper-
ation.

In the second position, which the brush 912 thus
assumes, it partially completes an open circuit
from the junction point 986 on the main line 381,
to contact strip 989 and from there through brush
912 and contact 857 to the open I switch 950. The
phrase “partially completed open circuit,” or the
equivalent, will be used hereinafter to describe

the closure of one or more, but less than all the ©

open switches in a circuit, which closures pre-
cede the final completion of that circuit.
Following depression of the “X” key, depression
of the first numeral key in setting up the multi-
plier factor results in the positioning of the arm
365 (Fig. 33B) in the “I” order on the particu~
lar related contact 366 corresponding to the dig-
ital value of the numeral key depressed, which
positioning then closes the above open circuit from
the main line and the “I” arm 385 through the
selected one of the parallel leads 921 to 928 and
one of the windings 1016 of its respective multi-
plier solenoid 1004 to 1009, and therefrom through
the normally closed switch 816, through the MC
solenoid, lead 856, and switch 951 to ground.
If a zero is selected as the first multiplier digit the
circuit is closed through the zero lead 820, thereby
reenergizing the solenoid 869 to effect a second
shift cycle in the same manner as hereinbefore
described for the first or preliminary shift eycle.
With reference to multiplication by a signifi-
cant digit, the multiplier solenoids (081 to 10609
first condition the multiplier setting mechanism
., for controlling the actual setting which is effected
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by the subsequent operation of the main clutch.
Although the multiplier solenoids and the MC
solenoid are in the same circuit and are ener-
gized at the same time, the multiplier solenoids
have a much lighter load than the MC solenocid
and are constructed to operate much faster, with
the result that the MC solencid will not operate
to complete engagement of the main clutch until
arm 365 has come to rest on the finally selected
contact 366 and the selected multiplier solenoid
has operated. i

Although the multiplier solenoids operate faster
than the MC solenoid, they are nevertheless made
to operate slow enough to not release their arma-
tures during the short interval of time the brush
on arm 365 is in contact with any one of the con-
tacts 366 as the brush sweeps across the contacts.
The type of solenoid shown as the MC solenoid is
inherently slower than that shown as the mul-
tiplier solenoid, but either or both may be modified
in any of a number of different ways to operate
within a considerable range of speed of response
according to the particular requirements of each.
These modifications may be made in accordance:
with a number of well known methods of in-
creasing or decreasing the secondary losses, in
order to lengthen the time for producing an op-
erating magnetic flux. For instance, one method
is to short eircuit a selected portion of the Wlnd-
ing turns of the solenoid coil.

In order to prevent overheating of the multl-
plier and MC solenoids (Fig. 33B), a cam 915 is
adapted to open the switch 8916 in the above de-
scribed multiplier control circuit for the majority
of the cycle. The identification me is shown im-
mediately above the cam and switch, and indi-
cates here and where it appears elsewhere in the
wiring diagram, that the cam and switches so
identified are operated by the main clutch. Dur-
ing the period the current is off, the main clutch
cannot disengage until the end of the cycle re-
gardless of whether the main clutch solenoid is
energized or not. Purthermore, the multiplier
solenoids described immediately hereinafter, are
of the polarized type which are normally held
in ineffective position by permanent magnetism
and are moved to effective setting position by an
opposing electromagnetic field which is estab-
lished in response to the closure of a control cir-
cuit such as the one described above. Once the
permanent magnetism is thus overcome and a se-
lected solenoid moves to setting position, it re-
mains in the latter position until recocked by
auxiliary means described hereinafter; therefore,

“the current for the multiplier solenoids may be

cut off by the above mechanism at any time after
the initial energization of the selected solenoid.
A typical multiplier solenoid is shown in sec-
tion in Fig. 14, and includes 2 casing 1012, made
of any ferromagnetic alloy, which is riveted to
or otherwise mounted on a machine frame plate
1013. Two coils 1016 and 1017 are fitted into
the casing 1012, the first of which coils is used
in multiplication and shown in Fig. 33B, while
the second coil is used for other purposes. A
permanent magnet 1018 is fixed to a solenoid
plunger 1019, which plunger is made of non-
magnetic material such as austenitic stainless
steel or beryllium copper. When the solenoid is-
deenergized, which is normally the case, the
permanent magnet (018 “sticks” to the casing
1012 and holds the plunger in the position shown.
‘When a selected solenoid is energized, however,
an opposing electromagnetic field is established
which overcomes the permanent magnetic force,
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and forces the plunger and permanent magnet
upwardly as viewed in Fig. 14. When any magnet
such as the present permanent magnet 1018 is
separated from another magnetic body, the ef-
fective force of the magnetic field is reduced
rapidly as the separation increases; therefore
after the current to the solenoid is cut off by
the mechanism described hereinbefore, the force
of the spring of the relay switch 1240 is sufficient
to hold the plunger ejected, where it remains
until it is recocked Ly the following mechanism.

A cone shaped member 1040 is riveted to the
lower end of the plunger 1019, as viewed in Fig.
14, and when the plunger is ejected the cone
moves upwardly until it abuts the frame plate
1013. A bail 1041 (Fig. 13) is mounted for free
rocking movement on shaft 270 and is urged
counter-clockwise by a spring 1042. An armature
stem. {044 of an MSR (multiplier solenoid re-
store) solenoid 1845 is connected to the bail 1041
and limits the counter-clockwise movement of
the bail to the position shown.

The bail 104{ includes two plates 104fg and
1041b, the first of which has a plurality of tips
1043 which normally lie beyond the periphery of
the cones of the solenoids 1081 to (005, inclusive,
and (007 and {089, with enough clearance to
permit free travel of the cone during ejection of
the plunger; while the tips of the second plate
lie in similar proximity to the periphery of the
cones of the solenoids {006 and 1068. The MSR
solenoid is energized near the end of the main
clutch eycle by means described immediately
hereinafter, which energization pulls the plunger
1044 downwardly, as viewed in Fig. 13, and rocks
the bail clockwise & limited amount. Upon such
movement of the bail, the tips 1943 engage the
cones 1848 which act as camming surfaces, as
shown in Fig. 14, thereby causing any plunger

1819. which has been ejected to retract to in- 4

effective position such as that in which the
plunger 1019 is shown in Fig. 14. The engage-
ment of the permanent magnet (018 with the
casing. 1012 of the solencid, causes the perma-
nent magnet to “stick” te the casing with suf-
ficient. force to overcocme the effect of the spring
leaf of relay 1240 after the MSR solenoid is de-
energized and the bail {041 is returned to the
position shown in Fig. 13 by spring 1042.

The MSR solenoid is energized as follows. As
described hereinbefore the arm 6i7 of the timing
switch €id (Fiz. 33B) is rotated cne revolution
during each main clutch cycle. Near the end
of the cycle and after the actuation and transfer
phases are completed, the brush €32 engages a
contact {048 and closes a circuit including the
lead §89, connscted to the main line, a lead 104T
passing through the MSR solencid to contact
1046, and therefrom through the brush 692 and
the contact ring 693 to ground. As soon as the
brush 632 passes.oif the contact {048 the circuit
is opened and the MSR. solenoid is deenergized
and allows the spring 1§42 (Fig. 13) to.restore the
bail 1041 and its plate so that the tips 1043 will
be out of the way of the cone and allow reener-
gization of a selected multiplier solenoid at the
beginning of the next cycle.

The multiplier solenoids are located on an arc
about shafts 270 (Fig. 13) and are arranged in
steps angularly spaced to-correspond to the steps
separating the blocking levers 284 (Fig. 5), but
arranged in the reverse direction, i. €., the latter
are adapted to block counter-clockwise move-
ment of arm 280 in positions indicative of se-
lected numeral values, while the solenoids {001
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to 1009 (Fig. 13) are arransged to similarly block
clockwise movement of an arm 1020. These op-
posite movements correspond to the respective
opposite movements of the elements 800 and 810
(Fig. 16) described hereinbefore.

The aforementioned arm 1020 (Fig. 13) is re-
ciprocated once during each multiplication cycle
by operation of the main clutch. A yieldable
driving mechanism is provided between the main
clutch and arm (029, however, so that the arm
may be blocked in any one of ifs positions by a
corresponding multiplier solenoid, while the main
clutch and camming mechanism, described im-
mediately hereinafter, operate through a fixed
cycle. A cam 175 (Fig. 8) is keyed to the main
clutch shaft 418 and therefore makes one com-
plete revolution in a clockwise direction for each
cycle of the main clutch. A cam follower {025
is freely mounted on the shaft 475 and is rocked
downwardly by the cam early in the main clutch
cycle. A substantially horizontal arm 1027, fixed
to the shaft, overlies an ear {026 formed on the
cam follower and extends across the plane of the
arm. A torsion spring 1928 is wound around the
shaft 475 and urges the arm (027 downwardly
against the ear {026. The downward movement
of the cam follower is transmitted through the
spring to arm 927 and shaft 415. An arm 480
(Fig. 13) having gear teeth 42{ which mesh with
a gear 482, is fixed to the shaft 475 so that when
the shaft is rocked counterclockwise by the afore-
mentioned main clutch cam, the arm 489 is rocked
downwardly and drives the gear 482 and shaft
270 clockwise. The arm 1029 which is keyed to
the shaft 270 is therefore rocked clockwise until
it is blocked by the projected plunger of cne of
the solenoids i{001-1085. The drive train includ-
ing shaft 270, gears 482 and 431, arm 480, shaft
475 and arm (021 (Fig. 8) is thus blocked, where-
upon spring 1028 yields as the cam follower rocks
its full extent.

From the foregoing then, the arm {020 (Fig.
13) and shaft Z70 are rocked to a position cor-
responding to the value of the multiplier solenoid
selectively energized, and since the partial prod-
uct selector discs 852 (Fig. 22) in each order of
the selecting mechanism are keyed to the shaft
270, all of said discs are set to the position cor-
responding to the selected multiplier digit and
held in set position for the greater part cf the
multiplication cycle. The multiplicand side of
the partial product selectors 853 having pre-
viously been set, as explained hereinbefore, the
partial product circuits are thus established for
controlling the multiplication operation. The
entire sequence of a typical multiplication opera-
tion will now be outlined by following through
the sequence as applied to 2 typical example.

SEQUENCE OF MULTIPLICATION
OPERATIONS

A simple problem has been chosen for illus-
trating a typical multiplication so as not to com-
plicate the timing chart with the showing of the
registration of a great number of partial prod-
ucts. It should be understood, however, that the
machine is capable of determining and register-
ing eight LH and eight R partial product digits
in a single multiplication cycle and performing
the “transfer of tens” following the registration
of each. In the following description of the prob-
lem 429x8 it will be sufficient, for the under-
standing of the multiplication sequence, to con-
sider the registration in only two numeral wheels,
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- namely, those in the II and III orders shown in

.- 'Table B, below.

TABLE B

Multiplicand. . oo 41 2| 9.
Multipher. oo £ 20 RO S S,
3 2.

| X B s

e T 2

Registration._.._....,_.._.__..; ................. U N I
I IIIE] IV

Denominational orders of product register illustrated in Fig. 34,

After the multiplicand factor —4—2—9— is
set up in the I, II, and III partial product se-
lectors 850 (Fig. 33A), the operator depresses
the “X” key, which gives rise to the sequence
of operations charted in Fig. 35 and described
below:

Partial products selection—Fig. 35

Line 1, depression of the “X” key closes switch
951 (Fig. 33B) which;

Line 2, energizes the SC (shift clutch) solenoid
which

Line 3, engages shift clutch,

(@) shift clutch moves brush 912 (Fig. 33B)
off of contacts 954 and 955, which opens
the circuit to the SC solenoid, cutting the
current off at the time designated as 1050
(Fig. 35) where the black (current on)
portion of the curve on line 2 joins the
white (current off) portion, thereby limit-
ing the shift clutch to one cycle,

(b) brush 912 (Fig. 33B) moves onto contact
951. Machine sfops at end of shift clutch
cycle until numeral key corresponding to
first multiplier digit is depressed.

_(e) product shift switch ({00 (Fig. 33A)
shifts one step counterclockwise into posi-
tion for entry of the LHPP and RHPP
info the numeral wheels 500 per Takle B.

Line 4, depression of the number 8 numeral key
sets up the first multiplier digit and:

Line 5, releases arm 365 of the I switch 950 and
sets it on number 8 contact 366 (Fig. 33B),

(@) this completes the circuit through the
number 8 multiplier solencid 1008 and
through the MC solenoid. (The dotted
line 1051 indicates that line 5 starts lines
7 and 8.)

Line 7 number 8 solenoid {808 is energized and
its plunger ejected.

Line 8 MC solenoid is energized.

Line 9, main clutch starts its first cycle as result
of line 8, and:

Line 10, cam T15 (Fig. 8) drives partial product
arm 1020 and shaft 270 (Fig. 13) until they
are blocked by the plunger of the number 8
multiplier solenoid 1008.

(a) shaft 270 sets multiplier sides of all the
partial product selectors 850 (Figs. 22 and
33A) to number 8 position during the first
part (illustrated as being the first 30°)
of the main clutch cycle.

(b) cam 915 (Fig. 33B), driven by the main
clutch, cuts current off at 1062 (Lines 7
and 8, Fig. 35)

Line 11, arm 617 of timing switch 610 (Fig. 33B)
is also driven by the main clutch.

(a) brush 692 (Fig. 33B) first engages the
TC (transfer conditioning) contact 728
which,

Line 12 energizes the PT (product transfer)
solenoid 722 (Fig. 33B) which: .
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closes switch 7112 in éach order (lines 15 and
20, Fig. 35). '
RHPP digitation phase

Line 13, the timing switch contact 646 is engaged
by brush 5§92 (Fig. 33B), which:

Line 14, energizes the PCE (product clutch en-
gaging) solenoid 601 (Fig. 33B) which:

Lines 17 and 22, rocks the numeral wheel clutch
dogs in the various denominational orders to
clutch engaging position which:

Lines 18 and 23, releases clutch pawls to engage
the driving shaft 551 which:

Lines 19 and 24, starts driving the numeral wheels
at the points designated “start.”

The number 2 and number 6 RH contacts (see
Fig. 35, line 11, and Fig. 334, and also Table B
above) are switched info the RH digitation cir-
cuits from the timing switch to the 1T and III
numeral wheel magnets 660, respectively, by the
setting of the partial product selectors 850, which
also switches in to the LH digitation circuits to
these respective magnets the number 1 and num-
ber 7 LH contacts respectively; therefore, the
number 2 contact (line 11), first:

Line 21, energizes the IT numeral wheel magnet
660 which:

Line 22, trips the dog 608 in the II order at 1052
which:

Line 23, rocks the clutch pawls out of engage-
ment at 1053 whereupon:

Line 24, the II numeral wheel stops at the point
designated “stop” after having advanced from
0 to 2.

The number 6 contact (line 11) which is con-~
nected to the IIT magnet 660 by the II partial
product selector 850 (Fig. 33A) and the product
shift switch next:

Line 16, energizes the III magnet 660 at 1054
which:

Line 17, trips the dog 608 in the III order which:

Line 18, rocks the pawls out of engagement,

Line 19, whereupon the ITII numeral wheel stops
after having advanced from 0 to 6.

RHPP transfer phase

Switches 685 (Fig, 33A) are shifted to the trans-
fer position shown before the transfer phase
starts.

Since the numeral wheels did not pass from
9 to 0, the switches 712 (lines 15 and 20) remain
closed and:
when the brush 692 (Fig. 33B) engages the T
(transfer) contact 791 (line 11) :

Lines 16 and 21, the magnets 660 are energized at
1055 and 1056 to disable the numeral wheel
clutch control dogs 6068 so that when brush
692 engages—

Line 13, the contact 788,

Line 14, thereby causing energization of the clutch
engaging solenoid €8{ then this operation is
ineffective, -

Lines 17 and 22, and therefore the clutch dogs
608 are not rocked to clutch engaging position
and no transfer is effected.

LHPP digitation phase

Before this phase starts, the switches 895 (Fig.
33A) are shifted to the right from the position
shown, by mechanism explained hereinbefore, so
as to connect the partial product selectors 850 to
the circuit through the next higher order numeral
wheel. selection magnets 680; ag for example, the
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raultiplication 2X8 (see Table B) is set up in the
II partial product selector 850, therefore during
the REPP digitation phase, this selector is con-
nected to the magnet 660 controlling the III
numeral wheels for effecting entry of the 6
therein, and during the LHPP phase this selector
is connected to the magnet 6§60 controlling the II
numeral whee] for entry of the 1 therein.

This LHPP phase is substantially the same as
the RHPP phase except for the numeral wheel
registration, and may be followed in Fig. 34 with-
out detailed comment. The principal difference
is that TIT numeral wheel (line 19, Fig. 35) passes
from 9 to 0 251058, and—

LHPP t{ransfer phase

Line 15, opens its associated switch 112 which
controls the entry of a transfer increment into
the II numeral wheel as follows: When the tim-

ing switeh brush engages the T contact 793 ¢

(line 11) the circuit to the IT magnet 669 is
open so that:

Line 21, the II magnet 660 is not energized and
therefore:

Line 14, the operation of the clutch engaging sole-
noid 601 at {059, is effective to:

Line 22, rock to clutch engaging position the
clutch dog 668 (Fig. 2) in the II order, which is
controlled by the III order transfer switch 712,
but it is so rocked for only that interval of time
to allow:

Line 24, the numeral wheel to advance one step
from 3 to 4.

Ordinal siift in multiplication

In multiplication by a multidigit multiplier,
stch as in the problem 4293867, shown schemati-
cally in Fig. 34, the operator first séts up the
multiplicand 429, depresses the “X” key, and then

sets up the multiplier 867. The machine nor- :

mally starts multiplying immediately after the
set-up of the first multiplier digit “8” and while
“429” is being multiplied by “8,” the operator de-
presses the number “6” key for setting up the
second multiplier digit.

shown by line 4 (Fig. 35) and effects setting of the
11 switch 958 (Fig. 35, line 5, and Fig. 33B) to the
number “6” position. Before the multiplication

can start in the second order, it is necessary to |

shift the multiplier shift switch 1820 one step so
as to connect the IT muiltiplier set-up switch 959
into the circuit controlling the multiplication
operation, and to shift the product shift switeh

1130 (Fig. 33A) otherwise known as a column

shift switch one step for connecting the partial
product selectors to respective lower orders of the
product register.

This shifting is shown schematically in Fig, 34
where the Roman numerals (line 1) specify the
denominational orders of the partial product
selectors 85¢ (lines 2 and 3) and correspond to
the selectors of like character in Fig. 33A. In the
instant example, the multiplicand sides of the
selectors (disc 851, Fig. 22) of the I, II, III orders
are set at “428” (line 2) and all the multiplier
sides thereof (disc 852, Fig. 22) are set to the posi-
tion corresponding to the first multiplier digit
“8” (line 3) by the mechanism described herein-

before, so as to select the corresponding partial

products shown in lines 4 to 6, inclusive. The
rectangle 189 (line 7) schematically represents
the product shift switch of the same number in
Fig. 234, and after the preliminary shift thereof
into its first operative position as mentioned here-

This second depression
would normally occur at a time such as that
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inbefore, it conditions the machine for entry of
the product “3432” into the I, II, III, and IV
denominational orders (line 26) of the product
register 189 (Iine 27). The schematic -illustra-
tions in lines 26 and 27 correspond to the product
register of the same number in Fig. 334, and the
dotted circles in lines 8 and 17 represent the same
product numeral wheels which fall in the re-
spective wvertical columns, and the numerals
within the corresponding dotted circles show the
registrations in the same numeral wheels at dif-
ferent stages in the solution of the problem.
Similarly, the rectangle 1000 (line 7) represents
the multiplier shift switch of the same number in
Pig. 33B, which conditions the machine for entry
of the first multiplier digit “8” into the I .order
(line 28) of the multiplier register 20 (line 29).

Following the digitation phases and concurrent
with the second transfer phase of the first multi-
plication cycle, the product shift switch {00
is shifted one step toward the right to its 1100’
position as shown by the arrow in line 16 so that
the product digits of the second multiplication
(line 15) will be entered into the four numeral
wheels one order respectively to the right-of those
into which the first product digits were entered,
i. e, into the II, III, IV, and V orders (line 26)
instead of the I, II, III, and IV -orders, respec-
tively. During the second rrultiplication cycle
the multiplicand sides of the partial product
selectors remain set at “4 2 9” (line 10) and the
multiplier sides thereoi are all reset to corre-
spond to the second multiplier digit “6” (line 11).
The resulting product digits “2 5 7 4” are there-
fore entered into those numeral wheels (line 17)
which are directly under the numbers in the rec-
tangle in its 1106’ position (Jine 16), which added
to the product of the first mulfiplication advance
the product numeral wheels to the positions
shown in line 17 after the zecond cycle is com-
ilete, The multiplier shifi switch is similarly
shifted to its 1052’ position, shown in line 16, si-
muitaneously with the shift of the product shift
switch and efects entry of the second multiplier
digit in the IT order of the multiplier register as
shown in lines 18 and 29. Near the end of the
second multiplication cycle the one step shifts
shown schematically on line 25 occur, so as to
eifect the enfry of the product of the multiplicand
factor (line 19) and the third muiltiplier digit 7
(line 23) inte the III, 1V, V, and VI orders of the
product register, and the 7 (line 25) into the IIT
order cf the multiplier register. At the end of the
multiplication problem the product numeral
wheels thus stand at “3 71 9 4 3” (Jine 27) and
the multiplier register stands at “8 6 7 (line 29).

The shifting of the product and multiplier shift
switches, referred to above, is initiated during the
latter part of the main clutch cycle by a cam
1070 (Fig. 33B) which is driven by the main
ciutch and adapted to close a switeh {071 at the
time designated as i672 (Fig. 35, line 2). This
switeh closes the circuit including the connection
from the main line 38! (Fig. 33B) to the con-
tacts 1073, lead 1614 (Fig. 33B), through the SC
(shift clutch) solenoid, lead 9856, switch 851 to
ground, thus, with reference to Fig. 35:

Line 2, the SC sclenoid effects engagement of

Line 3, ihe shift clutch at the tinle designated
1073,

Line 4, During the multizlication ¢ycie shown in
Fig. 35 the operator weuid nermally depress the
number 6 numeral key at approximately the
time designated (076,
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Line 5, which would set the IT switch 950 (Fig.
33B) to the position corresponding to the sec-
ond multiplier digit. The II switch 850 is out
of circuit, however, until multiplier shift switch
brush 912 is shifted onto contact 958 (Fig. 33B).

Line 6, The MSR solenoid is energized at the time
designated 1063 by movement of the brush 692
(Fig. 33B) onto the contact 1046, described
hereinbefore, which causes:

Line 7, restoration of the number 8 multiplier
sclenoid plunger.

The multiplier shift switch brush 9{2 is shifted
one step counter-clockwise (Fig. 33B) during the
above described shift cluteh cycle and as soon as
the brush 912 reaches the contact 958 to switch
the II selection switch 950 into circuit, the switch
816 also closes, whereby

Line 7, the number § multiplier solenoid is en-
ergized at 1064.

Line 8, Before the main clutch can disengage, the
MC solenoid is reenergized by closure of the
multiplication control circuit including the sec-
ond shift switch contact 958 (Fig. 33B) and
the IT multiplier selection switch 850 described
above. The MC solenoid energization is shown
by the black portion of line 8 marked “on” so
that:

Line 9, the second main cluteh cycle continues

-immediately after the first cycle without inter- 7

ruption, thus repeating the multiplication op-
erations as described in connection with Fig. 34.

From lines 3, 8, and 9 (Fig. 35), described above,
it will be noted that the shifting operation is com-
pleted during the latter part of the main clutch
cycle and the multiplication control mechanism
is in condition to control multiplication by the
next multiplier digit. Therefore, the main clutch
operates continuously throughout multiplication
by successive multiplier digits without interrup-
tion by the shifting mechanism.

The machine will stop operating in multiplica-
tion when an unset multiplier selection switch

850 (Fig. 33B) is thrown into circuit by the brush

912, as for example if the multiplier factor in-
cludes three digits, the machine will stop when
the unset IV switch 958 is thrown into circuit.
This unset selection switch opens the circuit to
the MC solenoid and thus prevents restart of the
next multiplication cycie. If an eight digit mul-
tiplier is set up, however, the machine will stop
when the multiplier shift switch shifts beyond
the VIII position. Under such conditions the
movement of the brush 812 (Fig. 33B) onto the
contact 1078 closes the circuit from the contact
899 (which is connected to the main line as
previously described) to lead 1078, through an
XR (X-Neg. X key release) solenoid 1080, lead
956, switch 85( o ground. Energization of the
XR solenoid (Fig. 8) ejects its plunger 1081 which
rocks a lever 1887 clockwise. An ear {089 at the
top of lever 1087 slides the lock-bars 930 and 935
toward the right to release the “X” or “Neg. X”
keys. The return of the lock-bar then allows
the main multiplication switch 85f{ to open the
multiplication circuit. This switch 951 also
opens the circuit through the XR solenoid, and
a spring 1088 then restores lever 1087 to the posi-
tion shown. The “X” or “Neg. X” key may be
released if the multiplication is stopped before
the multiplier shift switch reaches its end posi-
tion, such release being effected by the operation
of the clear key as fully described in Patent No.
2,467,419. :
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SHIFTING MECHANISM -

Normally the product and multiplier shift
switches shift together, however, in certain oper-
ations mnot disclosed herein, the switches are
shifted relative to each other and for this reason
said switches are separated and independently
driven. ) :

The product shift switch 1100 is diagrammati-
cally illustrated in Fig. 33A and is also repre-
sented schematically in Fig. 35, its mechanical
construction being fully described in the afore-
mentioned Patent No. 2,467,419,

In Fig. 33A this switch is shown with arrows
representing the stationary brushes and with
circles and the arcuate strip 1121 representing
the movable contacts. The eighteen stationary
brushes {105 are respectively connected to the
control magnets 660 for the eighteen product
numeral wheels (Fig. 1) by means of individual
leads and digitation-transfer switches, such as
lead 1130 (Fig. 33A) and switch 685 connected to
the 00 magnet 666. The nine movable contacts
1120 are connected to the nine LHPP-RHPP
digitation switches 895 described hereinbefore,
for making connections selectively to the eight
partial product selectors 850. When the switch
1100 is in the position shown, the connections
are such that the 0 to VIII product numeral
wheels 500 are conditioned to receive the product.
It will be recalled, however, that there is a pre-
liminary shift prior to actual multiplication
which shifts the switch so that the entries will be
made in the I to IX orders of the product register.
Subsequent shifting operations between multi-
plying cycles move the contacts (120 one step
counter-clockwise, each shift, to positions suc-
cessively adapted for entering the products into
the II to X, III to XI product numeral wheels,
etc., after each of the shifting steps following
multiplication by the successive multiplier digits.

It will be recalled that in order to prevent en-
gagement of a numeral wheel clutch at the start
of a digitation period, its magnet 660 must be
energized by a zero impulse at the engagement
period. Therefore, all off-board product numeral
wheel magnets i. e., those magnets which are not
connected to the partial product selectors, receive
a zero impulse. The contact strip (124 (Fig.
33A) is connected to the zero timing switch lead
830 and receives a zero impulse at the start of
each LHPP and RHPP digitation phase. The
stationary contacts 1105, which are not connected
to the nine contacts 1120, are positioned on the
contact strip 1121 and transmit this zero im-
pulse to all off-board magnets and thus prevent
engagement of their respective off-board numeral
wheel clutches.

Multiplier and counter shift switches

The multiplier shift switch 1600 (Fig. 33B)
and the counter shift switch 1140 (Fig. 33A)
always shift together and could as well be a
single switch except for design reasons. Al-
though shown separately in the wiring diagram
they are mounted in a common casing, and are
geared in a direct ratio.

The mechanical construction of these switches
is fully disclosed in the aforementioned Patent
No. 2,467,419,

The counter shift switch is related to the
counter register in very much the same way the
product shift switch is related to the product
register, namely, it selects which order of the
register is to be controlled for actuation and sup-

- plies zero impulses to the off-hoard numeral
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wheel magnets. The counter register registers
the multiplier in multiplication, as well as the
quotient in division: therefore, its operation will
be described at this time in its relation to multi-
plication. Reviewing first the function the
counter register in registering the multiplier,
with reference to Fig. 1: when the numeral keys
are depressed during the selection of the multi-
plier factor the multiplier digits are selectively
entered into the right factor indicator 130, and
during the multiplication operation when the
partial product of each successive multiplier digit
is registered in the product register {00, that
multiplier digit is concurrently registered in the
counter register 128. By means of this arrange-
ment the clearance of the counter register may
be disabled in a series of multiplications where-
by the multipliers may be accumulated in register
120 while the individual multiplier factors may

be entered and checked in the right factor in- ¢

dicator.

When the shaft 210 (Figs. 13 and 334A) is suc-
cessively set under control of the multiplier sole~
noids corresponding to the successive multiplier
digits selected, a counter selection switch {160
(Fig. 33B) is set accordingly. This switch in-
cludes a plurality of stationary contacts ({61
representative of the multiplier digits 1 to 8
(see also Fig. 13), and also includes a brush 1162

carried by an arm ({64, which is insulated from 3

but fixed to the same shaft 210 which sets the
multiplier sides of the partial product selectors.
The number 1 to number 8 contacts {161 are
connected to the number 1 to number 8 timing
switch leads 830 to 838, and the brush 1162 is
connected to the counter shift switch 1140 (Fig.
33A) by a lead 1163 and therefrom to a selective
counter numeral wheel control magnet 660-C.
It will be noted that there is no number “9”
contact on switch 1(60. This is because no elec-
trical control means are required to effect a nine
entry since all the numeral wheel clutches are
disengaged after nine increments of movement,
by release of the clutch engaging mechanism ex-

plained hereinbefore in the section headed “Regis-

ters.” The construction of the counter register
shown at the bottom of Figure 33A and its con-
trol and switching mechanism is the same as that
of the correspending parts related to the product
register, and reference may be had to the latter

for a detailed description of the counter numeral N

wheel actuating mechanism. Briefly, the coun-
ter numeral wheels are actuated by individual
ratehet clutches, one of which clutches is en-
gaged at a fixed time at the beginning of the
actuating cycle and is disengaged at a selected
time to stop the numeral wheel after advancing
a number of positions corresponding to the muiti-
plier digit selected.

The counter shift switch 1140 (Fig. 33A) is
shown in its initial position, from which position
it is shifted one step clockwise during the pre-
liminary shift cycle preceding multiplication, as
explained hereinhefore in the description of line
2 (Fig. 35). This positions the contact {149 on
the brush 1168 connected to the I counter magnet
66-C, so that if, for example the first multiplier
digit is a “5,” the brush {162 (Fig. 33B) is set
on the number “5” contact 1161 and a number
“5” impulse is transmitted to the I control mag~
net over the circuit including the number “5”
timing switch contact 618, leads 835, and {165,
the number “5” contact 1161, brush 1162, lead
{163, contact 1149, and brush 166, lead 1161,
switeh 685 through the I masgnet to the lead 1188

Tt
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and leads 652 and 648 connected to the main line,
The counter shiff switch contact 1150 is con-
nected to the zero lead 838 and transmits a zero
impulse to all other counter magnets for pre-
venting engagement of their respective clutches.

The actuation of the counter register occurs
during the RHPP digitation phase, and during
the LHPP digitation phase it is disabled by oper-
ation of the cam 90¢ (Fig. 33B) which is driven
by the main clutch and opens a switch 742 in
the circuit through the CT solenoid, and also a
switch 1169 in the circuit through the counter
clutch engaging CCE solenoid. This cam 900 is
shown in Fig. 18 and as explained hereinbefore,
shifts the bar 898 toward the right (Fig. 17)
during the LHPP phase, therehy opening switches
7142 and {169,

I claim:

1. In a partial product multiplying mechanism
for calculating machines; the combination of,
factor selecting mechanism including, a multi-
plicand factor member and a multiplier factor
member each movable to a plurality of positions
to establish in accordance with an approximate
logarithmic scale a mechanical representation of
the factor digits zero to nine, the spacings of
said positions being ccmposed of whole multiples
of a given increment of distance, a plurality of
operating elements mounted on one of said mem-
Lers and located thereon at approximately loga~
rithmic spacings composed of whole multiples of
said given increment, said elements being ar-
ranged in groups and corresponding respectively
to the partial product digits of the multiplica~
tion table, each element of said group corre-
spending to a different partial product digit, co-
operating elements mounted on the other one
of said members, with means for moving said two
facter members each individually to the one of

i said positions corresponding to a respective

multiplicand or multiplier factor digit to bring
said cooperating elements info operative rela-
tionship with one of said groups of operating
elements, means operable in response to move-
ment of either of said members to a position
thereof which corresponds to a five factor digit to
render said cooperating elements effective to se~
iect one of the operating elements of said group;
and means operable in response to movement
of either of said members to a position corre-
sponding to a seven factor digit to render said
cooperating elements effective to select another
cne of the operating elements of said group.

2. A partial product multiplying mechanism
for calculating machines comprising; a partial
product selection member having a plurality of
positions corresponding to the digits one to nine
inclusive, said positions heing located according
to a scale in which the divisions thereof are com-
posed of whole multiples of a given increment,
factor setting mechanism operable to set said
member to the one of said positions which cor-
responds to a selected factor digit, a plurality
of elements which represent respective partial
product digits of the multiplication table and
which are located on said member in groups
segregated in accordance with the occurrence of
certain factor digits, a second partial product
selection member having a plurality of positions
corresponding to the digits one to nine inclusive,
said positions being located according to a scale
in which the divisions thereof are composed of
whole multiples of the same given increment,
second factor setting mechanism operable to set
the second member at the one of said positions
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which corresponds to g selected digit of a second
factor, a device carried by said second member
and moved thereby into selected relation to the
elements located on the first member, and means
operable under control of either of said factor
setting mechanisms upon setting of either re-
spective member to a position corresponding to
a certain factor digit to operatively associate said
device with the elements of the corresponding
one of said groups.

3. In a calculating machine having a product
register and partial product multiplying mech-
anism comprising, a partial product selectior
member having a plurality of positions corre-
sponding to the digits one to nine inclusive, said
positions being located according to a scale in
which the divisions thereof are composed of whole
multiples of a given increment, factor setting
mechanism operable to set said member to one
of said positions which corresponds to a selected
factor digit, a plurality of elements which re-
present respective partial product digits of the
multiplication table and which are located on
said member in groups segregated in accordance

with the occurrence of certain factor digits, o

means controlled by each element to cause regis-
traticn in said register of the partial product
digit corresponding to said element, a second
partial product selection member having a plu-
rality of positions corresponding to the digits one
to nine inclusive, said positions being located ac-
cording to a scale in which the divisions thereof
are composed of whole multiples of the same
given increment, a seeond factor setting mech-
anism operable to set the second member at the
one of said positions which corresponds to a
selected digit of a second factor, a device mov-
able by said second member into selective re-
lation to the elements located on the first mem-
ber, and means operable under control of either
of said factor setting mechanisms upon setting
of either respective member to a position cor-
responding to a certain factor digit to enable a
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respective one of said groups of elements and to
disable the other groups of elements.

4. In a calculating machine having a product
register and means for registering therein the
product of a multiplicand digit times a multiplier
digit comprising, a multiplier selecting mech-
anism including a member movable to a plurality
of positions representative of different multiplier
digits, a multiplicand member movable to a plu-
rality of positions representative of different
multiplicand digits, a plurality of contacts
mounted for movement with one of said mem-
bers and a brush cooperating with said contacts
and mounted for movement with the other one
of said members, said plurality of contacts being
arranged in approximate logarithmic relation
relative to each other and in groups segregating
the contacts which conflict due to the departure
from true logarithmic relation of certain of the
contacts; in combination with setting means
operable to move said brush onto a contact in one
of said groups in response to movement of one
of said selection members to a position corre-~
sponding to a certain respective multiplicand
or multiplier digit and to move said brush onto
a contact in another one of said groups in re-
sponse to movement of one of said selection
members to a positive corresponding to another
multiplicand or multiplier digit.

HAROLD T. AVERY.
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