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UNITED STATES PATENT OFFICE 
2,376,997 

CALCULATING MACHINE 

Carl M. Friden, Pleasanton, and Grant C. Eller 
beck, San Leandro, Calif., assignors to Friden 
Calculating Machine Co., Inc., a corporation of 
California 

Application September 23, 1942, Serial No. 459,372 
(CI. 235-63) 6 Claims. 

This invention relates to calculating machines 
and is concerned more particularly with provision 
of improved multiplying mechanism therefor. 

It is the general object of the invention to pro 
vide a multiplier mechanism for a calculating 
machine in which a constant multiplier may be 
employed. 
Another object of the invention is to provide 

improved multiplier mechanism of the character 
referred to above in which the multiplier select 
ing mechanism can be set to the same multiplier 
value for a desired number of calculations. 
Another object of the invention is to provide a 

multiplier mechanism of the character referred 
to above, which is simple in construction and 
which can be incorporated with a conventional 
multiplier selection mechanism with a minimum 
redesign of the parts. 
Other objects and advantages of the invention 

will be apparent from the following description 
of a preferred embodiment as illustrated in the 
accompanying drawings, in which: v 

Figure 1 is a perspective view of a calculating 
machine embodying the invention. 

Figure 2 is a sectional view taken in a plane in 
dicated by the line 2-2 in Figure 1, with the car 
riage omitted. 

Figure 3 is a sectional view of the carriage. 
Figure 4 is a left side elevational view of the cal 

culating machine taken as indicated by the line 
4-4 in Figure 1. - 
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Figure 5 is a sectional view of the multiplier , 
mechanism taken as indicated by the line 5-5 
in Figure 1. 

Figure 6 is a sectional elevation of the multi 
plier mechanism taken from the left side as in 
dicated by the line 6-6 in Figure 1. 

Figure 7 is a plan view of the multiplier selec 
tion mechanism with certain parts omitted and 
others shown in Section. 

Figure 8 is a horizontal sectional view taken as 
indicated by the line 8-8 in Figure 6. 

Figure 9 is a rear elevational view of the mul 
tiplier keyboard. 

Figure 10 is an enlarged view of the multiplier 
Selection carriage. - 

Figure is a Sectional view through the multi 
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plier pin carriage taken as indicated by the line 
-ff in Figure 10. 
Figure 12 is an enlarged view of the escapement 50 

mechanism of the multiplier selection mecha 
nism. 

the mechanism in a different operative position 
of the parts. 

Figure 13 is a view similar to Figure 12 showing 
SS 

GENERAL DESCRIPTION 

The invention is described as embodied in a 
conventional form of calculating machine as il 
lustrated, for example, in the patent to Friden, 
if 2,229,889, and the co-pending applications of 
Carl M. Friden, Serial #205,546, filed May 2, 1938; 
and Carl M. Friden and Anthony B. Machado, 
Serial #348,966, filed July 31, 1940. 
Referring to Fig. 1, the machine includes body 

12 comprising base 3 and casing 4 suitably se 
cured thereon, and in which the actuating, select 
ing, and control mechanisms are mounted. Regis 
ter carriage 6 is mounted for end Wise shifting 
movement transversely of body f2 and carries 
numeral wheels 7 and f8 of the accumulator 
and revolutions counter, respectively. Carriage 
6 can be shifted by power in either direction by 

manipulation of respective shift keys 9, 20 
through mechanism described hereinafter, or 
manually by manipulation of carriage release 
lever 2. 

Values are entered into the machine by depres 
sion of numeral keys 22 of the usual keyboard in 
the various ordinal rows thereof, keys 22 being 
releasable individually by depression of ordinal 
clear keys 22a, or collectively by depression of 
keyboard clear key 23. Walues introduced into 
the machine may be registered additively or sub 
tractively on accumulator numeral wheels 7 by 
depression of plus key 25 or minus key 26, respec 
tively, while the number of registrations or its 
complement can be entered in counter numeral 
wheels 8 by proper setting of control lever 27. 
If desired, add key 24 may be depressed to cause 
clearing of the keyboard in the usual manner after 
a single registration in the accumulator, 
Walues registered in numeral wheels 7 and 8 

can be erased, i. e., the registers can be Zeroized, 
by manipulation of respective manually operable 
resetting handles 28, 29, or by power through de 
pression of either of return and clear keys 30 
and 30a. Depression of key 30 (or key 30a) first 
effects return of carriage 6 to its farthest left 
position and Subsequently effects resetting of ac 
cumulator numeral wheels 7 alone, or both nu 
meral wheels 7 and counter numeral wheels 8 
as selected by the setting of control lever 3. 
The machine is adapted to perform automatic 

plural order division by means of conventional 
construction including division starting control 
lever 32, and division stop lever 33 by means of 
which a division operation can be terminated 
at the end of any selected ordinal division. Auto 
matic predetermined multiplication can also be 



2 
performed by depression of multiplier Selection 
keys 34 to set up the desired multiplier figure as 
indicated on dials 35, and by depression of One 
of positive and negative multiplication keys 36 or 
37 to start the multiplying operation. Where re 
peated use of a multiplier factor is desired, repeat 
key 38 is depressed so that a factor previously 
entered by keys 34 is retained for Subsequent use. 
If it is desired to correct an erroneously entered 
multiplier figure or to remove a "repeat' multi 
plier figure, a multiplier correction key 39 may 
be depressed to zeroize the multiplier Selection 
mechanism. The multiplier selection mechanism 
and the associated repeat control means form 
the principal subject matter of the instant in 
vention, and are described later in detail. 
Within casing 4, the frame includes left and 

right side plates 45, 46 (Figs. 1 and 2) which are 
suitably mounted on base 3 and are intercon 
nected by various cross frame members including 
one or more tie rods 47 and transverse brackets 
48, 49 and 50 for supporting various mechanisms 
including the selecting and actuating mecha 
nisms. 
The values to be introduced into accumulator 

numeral wheels ill are selected by means of a 
plurality of similar orders of conventional Select 
ing mechanism associated with numeral keys 22. 
For this purpose each bank of keys 22 (Figure 2) 
cooperates with a pair of similar Spring-urged 
value selecting slides 5 in a conventional man 
ner. Each slide 5 is connected at its rear end 
with a ten-tooth gear 52, slidably and non-rotat 
ably mounted on square shaft 53 So that move 
ment of the associated selecting slide positions 
the gear differentially with respect to the stepped 
teeth of the associated actuating cylinder 56. 
Each actuating cylinder 56 is mounted On a shaft 
57 driven from a transverse drive shaft 58 having 
a cyclic clutch drive of the usual type from 
electric motor 59. 
Each square shaft 53 slidably and non-rotat 

ably carries a spool 6 bearing plus and minus 
gears at its ends for selective engagement with 
ten-tooth gear 62 at the lower end of the Shaft 
63 carrying numeral wheel or dial T. 
For addition and subtraction, the number of 

cycles of operation may be controlled in the usual 
manner from the plus and minus keys 25 and 26 
while the ordinal relation of the accumulator 
with respect to the actuating mechanism, and 
consequently the point of entry of the values 
may be controlled by a suitable carriage shift 
mechanism under control of keys 9 and 20. 
Numeral wheels 8 (Figure 3) of the revolu 

tions counter register the number of actuations 
of the accumulator numeral Wheels 11 in a con 
ventional manner by the operation of counter 
actuator 82 as disclosed for example in Said pat 
ent. 

MULTIPLICATION MECHANISM 
The multiplication mechanism disclosed here 

in comprises means for performing predeter 
mined plural order multiplying Operations in 
which the respective multiplicand and multiplier 
figures are entered into the machine by respec 
tive keyboards. The respective keyboards with 
their associated mechanism, control the opera 
tion of the machine to perform the multiplica 
tion in accordance with the depression of the 
positive or negative multiplication keys to deter 
mine the sign character of the registration of the 
product in the accumulator. AS is usual in this 
type of machine, the multiplicand keyboard com 
prises the conventional keyboard of the calculator 
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2,876,997 
which is used in other operations, while the mull 
tiplier keyboard is preferably of the so-called 
'ten-key' type which may be operated to set 
up successively the various digits of the multiplier. 

Multiplier keyboard-Generally, the selection 
mechanism for the nultiplier comprises a key 
board, which as shown is of the "ten key' type 
and a pin carriage associated therewith, having 
ten ordinal rows of settable stop pins and ten 
ordinal differentially adjustable elements in the 
form of racks in which digits of the multiplier 
may be set successively for subsequent control 
of the multiplying operation. In order to Set up 
the multiplier digits, each pin row includes eight 
pins corresponding to '1' to '8' keys and a fixed 
stop corresponding to the '9' key, so that a de 
pressed multiplier key operates through an as 
sociated selection lever to set the corresponding 
pin of an aligned Ordinal row to active position. 
At the same time that a pin of the pin carriage 
is moved to active position, the aligned rack is 
released to move into engagement with the pin 
and thereby be set differentially in accordance 
with the value of the depressed key. Subsequent 
ly, the depressed key operates an escapement 
mechanism to move the pin carriage one Ordinal 
step with respect to the keyboard selection mech 
anism. In this manner as will be apparent from 
the following detailed description, the multiplier 
digits are set up in the multiplier selection mech 
anism, the Setting operation beginning with the 
highest order digit of the multiplier in the em 
bodiment illustrated. 

Referring to Fig. 1, multiplier keys 34 from '1' 
to '9' are arranged in a square 3 by 3 relation, 
With zero key 34 a located in front of the '1' to 
'9' keys. Keys 34 and 34a are slidably mounted 
in upper and lower plates 7 and 72 (Fig. 5) 
of the multiplier keyboard and a suitable Spring 
is provided about each key stem to urge the key 
to its upper position where offset portion T3 there 
of engages the lower surface of the upper plate 

. As seen in Fig. 5, the respective Offset portions 
73 of keys 34 are in parallel aligned relation for 
operating the multiplier escapement mechanism, 
which is referred to hereinafter. The '1' to '8' 
keys 34 also have their lowermost portions aligned 
in staggered fashion below plate 72 for coopera 
tion with a row of selection levers for setting the 
pin carriage mechanism. A Selection lever 76 
(Fig. 5) is provided for each of the “1' to '8' 
keys 34. Each lever 76 is pivoted on transverse 
shaft TT which is suitably supported in the frame 
and each lever 76 is guided in a slot in frame plate 
78. Levers 76 are provided with upwardly pro 
jecting noses 9 disposed in an aligned relation 
with the multiplier keys for operation thereby. 

Each selection lever 76 (Fig. 5) is provided at 
its lower end. With an upwardly and rearwardly 
projecting pin setting finger 8 which extends 
through a suitable aperture in . plate 78, the 
fingers 8 of the various levers 76 being disposed 
in a row. Each lever 76 normally Seats against 
bracket 82 under the influence of a spring 83 ten 
Sioned between the bracket 82 and the ever. 

Multiplier carriage.-AS explained above, the 
shiftable pin carriage which controls the multi 
plying operation carries the ordinal rows of set 
table pins by means of which the multiplier digits 
are set into the machine, as well as the differ 
entially Settable racks, which are adjusted in ac 
cordance with the setting of the active pins and 
consequently the value of the multiplier digits. 
The machine illustrated has ten orders of pin rows 
and racks to provide for entry of a correspond 
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ing number of multiplier digits. When adjusted, 
the racks serve to display the selected multiplier 
value, and thereafter are returned successively 
in step by step fashion to their initial positions, 
and duríng Such return control the operation of 
the mechanism in accordance with the successive 
multiplier digits. m 
The pin carriage frame comprises spaced-apart 

similar side plates 86 (Figs. 10 and ll), respec 
tive upper and lower pin holding plates 8 and 8 
extending between the lower ends of Side plates 86 
and having suitable end projections engaging cor 
responding slots of plates 86. The frame assen 
bly is held together by suitable tie rods 89. The 
pin carriage is mounted in the machine by rod 9 
(Figs. 7 and 10) extending through aligned aper 
tures of plates 86, and by roller 92 journalled by 
pin 93 or escapement rack bracket 94, which is 
secured by a plurality of suitable bolts on an ex 
tension 96 of upper pin plate 87. Roller 92 en 
gages track 97 (Figs. 5 and 10) which is Secured 
to and extends between plate 4 and plate 75. 
The down-turned fange of track 97 extends be 
tween roller 92 and a face of escapement rack 94, 
which is provided at its edge with teeth 98 Which 
cooperate with a step by step escapement mecha 
nism as later described. 

Referring to Figs. 10 and 11, pin plates 8 and 
88 of the pin carriage are provided with a Series 
of rows of aligned slots to receive pins 0 for 
limited endwise sliding movement as determined 
by spaced apart pins 02 provided thereon be 
tween plates 87 and 88, Below plate 88 each.pin 
to is provided with a transverse slot 03 for en 
gagement, by can fingers fol in restoring the pin 
to its lower inactive position as shown in Fig. 11. 
The apper ends of the pins are of varying length 
to aiow free movement of the associated Settable 
rack past pins which are in their lower inactive 
position. 

In order to latch a pin it (Fig. 10) in raised 
position, each pin is provided with latching notch 
106 for cooperation with a V-shaped end por 
tion of a slotted U-shaped spring plate C, which 
is compressed between adjacent pins is of a row 45 
and is held in place between side plates 86. A 
plate iO7 is provided to cooperate with each trans 
verse series of pins in the respective roWS. 

For each order of settable pins, the carriage is 
provided with a differentially settable element in 50 
the form of a pivoted spring-actuated rack which 
is normally held in its “0” position, and which 
can be released to assume a differential adjust 
ment in accordance with the pin of the associ 
ated row which is moved to active position by de- 55 
pression of a selected multiplier key. For this pur 
pose, a plurality of ordinal axially aligned rack 
segments f l (Figs. 10 and il) are provided be 
tween side plates 86 of the carriage. Each rack 
segment is journalled about a reduced bear- O 
ing portion of a hub 2. Hubs 2 are apertured 
to receive fastening rod 3 by means of which 
the hubs are clamped in axially aligned position 
between side plates 66. Each rack segment if is 
provided with an ear 4 from which spring 5 65 
extends around the associated hub 2 to trans 
verse rod f6, whereby each segment f is urged 
in a clockwise direction as viewed in Fig. 10 by its 
associated spring 5. 
Each segment (Fig. 10) is provided with O 

arcuate rack sector having eleven teeth is 
spaced from lower and stop end 9, which nor 
mally engages the upper end of holding pawl 2. 
The series of pawls i 2 f, one for each rack seg 

5 

O 

20 

3) 

4. 

3 
ing between plates 86. Each pawl 2 is urged 
in a counter-clockwise direction as viewed in Fig. 
10 by spring 23 connected thereto, whereby in 
the position shown, the associated rack segment 

is held in its '0' position. 1W 
Opposite rack sector i T (Fig. 10) each seg 

ment f is provided with an indicating Sector 
or dial 35 having numerals from "0' to '9,' one 
of which becomes visible through a suitable sight 
opening in case f4 (Fig. 1) to display the value 
of a multiplier digit set into the machine, in ac 
cordance With the adjusted position Of the Seg 
ment. For the values “1” to “8” Such adjusted 
position is controiled by the active pin ?o, while 
for the '9" position the upper end of sector 35 
is adapted to engage cross rod 24, which pro 
vides a stop for the “9” position of the respec 
tive rack segmentS. 
Means is provided for releasing rack Segment 
of the active order of the pin carriage simul 

taneously with the movement of a pin to active 
position. Pawl 2 for releasing a rack segment 
f f is moved to inactive position by means of 
arm 26 (Fig. 5) pivoted at 27 on plate 45 and 
having its upper end operatively related to the 
lower end of the aligned holding pawl 2. In 
termediate its ends, arm 26 is connected by link 
28 with a lever 29 pivoted at 3 on bracket 

82 and having finger 32 at its forward end bent 
upwardly to extend through plate 2 to a position 
under rod 33 extending between spaced arms 
34 (Figs. 5, 2 and 13) secured at the ends of 
rod 36 pivoted in suitable upturned ears of lower 
plate 12. Rod 33, as seen most clearly in Fig. 
5, is associated with horizontal portions of key 
stems T3, whereby upon depression of any key, 
the rod 33 will be moved downwardly to engage 
finger 32 and thereby depress lever ?29. The 
resulting counter-clockwise movement of lever 
29 (Fig. 5) serves through link 28 to rock arm 
2S and move the aligned pawl 12 to inactive 

position, whereby the aligned rack segment fit 
is released at the same time that pin Setting ex 
tension 8 of the selection lever 76 becomes ac 
tive to project the pin 0- into active position. 
The above described mechanism is generally 

similar to that disclosed in said application Se 
rial No. 205,546 and is operated by successive de 
pression of multiplier keys 34 so that racks f 
are set successively to the selected values, the 
pin carriage shifting one step to the left as viewed 
from the front of the machine for each depres 
Sion of a multiplier key. 
The selection carriage also includes means for 

maintaining. values set into the racks for 
repeated setting of the racks to such values. 
Each rack fi (Figs. 10 and 11) carries a plu 
rality of flanged studs 3 spaced equal radial 
distances from the rack axis. Ring 38 is jour 
nalled about studs 37 of each rack and is 
caused to follow clockwise setting movement of 
the associated rack by virtue of offset ear 39 
which lies in front of an adjacent portion of 
rack ff. Spring f4 is connected between each 
rack if and its associated ring 38 so that ring 
38 will yieldably follow counter-clockwise move 
ment of its associated rack. Each ring 38 is 
provided with a series of ten equally spaced 
notches 42 corresponding to the "zero' to "nine' 
positions of racks f. The aligned notches 42 
are engageable by an elongated locking tooth 43 . 
pivoted on rod 2 which extends between car 
riage side plates 86. Arms 46 connect tooth f3 

ment t í í, are pivoted on spacer shaft 22 extend- is with rod 47 by means of which tooth 43 is 
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moved into and out of engagement with notches 
32 as later described. 
As previously explained, the pin carriage is 

movable step by step transversely of the machine 
in accordance with the number of multiplier dig 
its entered. The pin carriage is normally in its 
right end position (Fig. 7) as viewed from the 
front of the machine with indicating sectors 35 
to the right of and not visible through the asso 
ciated sight opening. The condition shown in 
Figure 1 would obtain after successive depres 
sion of "zero' key 34a, to move the pin carriage 
to its left end position. So that all sectors 35 are 
in value displaying position. The pin carriage is 
spring-urged towards its left end position by 
means of horizontally disposed bell crank 5 
(Fig. 8) which is pivoted at 52 on machine base 
3 and has an upstanding arm 53 (Figs. 5 and 

8) engaging right side plate 86 of the pin car 
riage. Another arm of bell crank 5 has spring 
54 (Figs. 1 and 8) secured thereto whereby the 

bell crank is urged in counter-clockwise direc 
tion as viewed in Fig. 8, and correspondingly, the 
pin carriage is urged from its right end position, 
which it occupies when no multiplier value is 
Set in the machine. 

Normally, the movement of the pin carriage 
under the influence of Spring-urged bell crank 
5 is prevented by means of bell crank stop pawl 
6 (Figs. 9, 12 and 13) pivoted at 62 on an up 

standing ear of lower keyboard plate 72 and urged 
upwardly by spring 63 into engagement with a 
tooth 98 of rack 94 as seen in Fig. 12. Pawl 6 
carries pin 64 which lies beneath ear 66 of a 
second bell crank pawl 6 pivoted at 68 on lower 
plate 72. Spring 63 urges pawl 67 counter 
clockwise. Pawl 6 is provided with an L 
shaped slot 67d. whose horizontal portion re 
ceives pin 69a carried by arm 69 on rod 7 
journalled in Spaced ears 2 of lower keyboard 
plate 72. Rod 7 carries an arm 73 at its op 
posite end lying under an end of rod 33 to be 
operated thereby. The vertical portion of slot 
67 a receives the adjacent end of rod 33 as 

viewed in Figure 12, Pawl arm 67 also carries 
laterally projecting tooth 14 which is normally 
positioned immediately above teeth 98 as shown 
in Figures 12 and 13, and is disposed for down 
Ward movement between the pair of teeth ad 
jacent and to the right of that contacted by pawl 
6. 
Preferably, the escapement shift is performed 

in two stages, one Stage occurring during depres 
Sion of a multiplier key and the last stage oc 
curring just before return of the key to raised 
position. When a multiplier key is depressed, 
shaft is rocked by means of its arm 73 (Fig. 
12) underlying key-operated rod 33, whereby 
arm 69 and pin 69a serve to rock pawl arm 
67 about its pivot in a clockwise direction there 
by Simultaneously lowering tooth 74 of pawl 
arm 67 from the position shown in Figure 12 to 
Overlap the adjacent rack tooth 98. During con 
tinued movement of pawl 67 its ear 66 engages 
pin 64 and rocks pawl 6 to disengage it from 
the associated tooth 98. As soon as the pawl 
f6 is disengaged from a tooth 98, the first stage 
of the Shift step occurs and the pin carriage 
moves to the right as viewed in Figure 12 under 
the influence of the Spring pressure thereon until 
a rack tooth 98 engages tooth 74 of arm 67. 
The movement of the pin carriage during this 

Stage of a shift step corresponds to the space 
between the tooth 74 and the rack tooth 98 
adjacent thereto, the movement being sufficient 
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to position the previously active tooth 98 Over 
the nose of pawl 6 but insufficient to allow en 
gagement of the projected finger 8 (Fig. 1) 
with the next pin row. Subsequently, as the 
depressed multiplier key is released, the parts 
start their return from depressed position. Pawl 
f6, however, is held depressed by the associated 
tooth 98 and cannot return upwardly with the 
other parts until the inclined face of tooth 74 
has permitted shifting of the pin carriage for 
an amount to move the associated tooth 98 from 
over the pawl 6 so that the pawl 6 will work 
upwardly into engagement with the next tooth 
98 to the left of the tooth with which it was en 
gaged before depression of the multiplier key. 
Shortly before the depressed key is restored to 
its upper position, the one step shift is completed 
whereby all of the pin Setting and eScapement 
shift parts will also be restored to normal posi 
tion and the carriage will be conditioned for a 
subsequent shifting movement. 
From the foregoing description it will be seen 

that each time a multiplier key is depressed the 
aligned rack Segment and Selected pin of the pin 
carriage are Set, while at the Same time the car 
riage is escaped one step toward the left of the 
machine to display the set figure through the 
multiplier sight opening. This operation is re 
peated as the various digits of the multiplier are 
set into the machine. If a mistake is made in 
setting the multiplier digit such mistake can be 
corrected by resetting the multiplier racks as 
will be described hereinafter. 

Multiplier rack restoring meanS-AS pre 
viously stated, the differentially adjusted posi 
tions of racks are utilized to control the nun 
ber of registrations of the multiplicand in the 
accumulator, to shift the accumulator to the 
right after the multiplication by each multiplier 
digit to enable correct registration of the next 
ordinal product as Well as to shift the pin car 
riage so that the next higher order rack 
comes into controlling position with respect to 
the operation of the machine. 
The operating mechanism for the racks is 

conventional and comprises feed pawl 8 (Fig. 
5) which, with the pin carriage in its right hand 
position, is located one ordinal step to the left 
thereof as viewed in Figure 7. AS each rack 
is adjusted by depression of a multiplier key and 
the pin carriage escapes one step to the left, the 
adjusted rack moves into alignment with the 
actuating pawl 8. Thus, after the complete 
multiplier is set into the machine, the last ad 
justed rack corresponding to the lowest digit 
of the multiplier will always be aligned with pawl 
18 at the end of the multiplier setting operation. 
Pawl 8 (Fig. 5) is pivotally secured at 82 

at the end of arm 83 suitably pivoted on side 
plate 45. Pawl 8 is urged in a counterclock 
wise direction as viewed in Figure 5 by spring 
i84 tensioned between a pin on arm 83 and a 
lug 86 of paWl l8l which engages beneath arm 
.83 to limit the movement of pawl 8 under the 
influence of Spring 84. Pawl 8 is normally 
held in inactive position as shown in Figure 5 
by virtue of its upward extension f 87 which is 
engaged by holding pawl 88 having a suitable 
pivotal support on the frame. Pawl 88 is held 
in the position shown in Figure 5 until depres 
Sion of a multiplication operation key so that 
both feed pawl 8 and holding pawl 88 are 
maintained inactive until the multiplying opera 
tion is started. 

In order to actuate pawl 8, arm 83 (Figure 
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5) is pivotally connected to cam follower 89 
which engages a suitable cam (not shown) on the 
main drive shaft 58 as disclosed in said applica 
tions. During a multiplying operation pawl 8 
is operated at the beginning of each cycle to re 
store the aligned rack fff step by step to its in 
active position. Rack if f is always actuated 
one step more than the value to which it is set 
to provide for the shift cycle at the end of each 
ordinal multiplication. The last movement of 
the active rack at the end of its return to normal 
position enables holding pawl f2 to move into 
operative position relative to the associated rack 
ff, as well as to control and determine shifting 

of the accumulator and the pin carriage to align 
the next higher order rack if with the pawl 8 
as described in Said applications. 

Pin carriage shifting means-As seen in Fig 
ures 5 and 10, the pin carriage is provided with 
a shift rack 9 secured on cross frame plate 87. 
Rack 19 is adapted for operation by an operat 
ing pawl 92 (Figure 5) carried by an eccentric 
portion of collar 93 which is slidable on and 
operated by drive shaft (94. Collar 93 normally 
positions pawl 92 below rack 9 as seen in Fig 
ure 5, but the collar and the pawi can be raised 
by a Suitable operation of arm 95 on control 
shaft 96 to lift pawl 92 into the plane of rack 
f9 and effect a one-step shift of the pin carriage 
during a multiplying operation. The direction 
of this shift is towards the right as viewed in 
Figure 7. The shifting of the pin carriage is 
controlled in the course of a multiplying opera 
tion as described in Said application Serial No. 
205,546. 

Multiplication controll 'mechanism...-- The mul 
tiplication keys 36 and 37 (Figure 4) and the 
mechanism controlled thereby are of the char 
acter disclosed in said applications and so will 
not be described in detail. It is sufficient for 
the purposes of the present invention to under 
stand that depression of either key 36 or 37 ini 
tiates operation of the multiplying mechanism 
to cause step-by-step return of the adjusted 
racks if f in sequence from the lowest through 
the highest order thereof, with a one-step shift 
of the accumulator and of the pin carriage oc 
curring between each ordinal multiplication. 
Certain parts of this multiplication control mech 
anism are shown in Figure 4 for a better under 
standing of the relation of the parts of the repeat 
mechanism to the conventional parts of the mul 
tiplication mechanism. The parts shown include 
control lever 97 which functions in connection 
with the setting of the plus-minus gears, latch 
bellcrank 98 therefor, and latch lever 99, which 
is brought into play temporarily during the shift 
cycle of the multiplying operation. Latch bell 
crank 98 is disabled by bellcrank 200 which 
rocks counter-clockwise upon depression of 
either keys 36 or 37. 

Multiplier correction control.--Multiplier cor 
rection key 39 (Figures 1 and 7) controls the 
portion of the multiplication operation control 
means which enables the drive mechanism to 
restore the adjusted racks of the pin carriage 
and to return the pin carriage to its normal in 
operative position in the event a correction of a 
multiplier figure is required because of errone 
ous setting. This control is exercised by the key 
39 by operation of lever 20 (Figure 2) pivoted 
at 202. Lever 20 is moved counter-clockwise by 
the key 39 to perform the various necessary set 
ting functions as fully described in said applica 
tions. 
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5 
Multiplier repeat, mechanism. 

Multiplier repeat control key 38 (Figures 4 and 
6) is formed integrally at the upper end of a 
bellcrank 203, having hub 2.04 pivoted on cross 
shaft 205. Key 38 has a botton extension 206, 
suitably guided in lower plate 72 of the multiplier 
keyboard mechanism. 
Key 38 is shown in its inactive position in Fig 

ure 6, and depressic of the key performs Several 
functions to bring the repeat mechanism into 
play including locking of the adjusted positions 
of the auxiliary stop rings 38, conditioning of . 
the repeat escapement control to cause auto 
matic tabulation of the multiplier pin carriage 
at the end of each multiplying operation to the 
correct adjusted position, and conditioning of a 
rack release mechanism whereby all of the racks 

are released at the end of, each multiplying 
operation to move to their respective adjusted 
positions represented by the auxiliary stop rings 
38. 
To control the locking of the stop rings 38, 

the bellcrank 203 (Figure 6) is slotted to receive 
a pin 207 on arm 208 which is carried by shaft 
209 pivoted in frame plate 74. Shaft 209 (Fig 
ure 4) carries depending arm 20 pivotally con 
nected at 2 to a link 22, which has a second 
pivotal supporting link 23. At the pivotal con 
nection to 23, link 22 is also connected to a 
second link 2 f4 which is pivotally connected at 
216 to an armi 27 on a shaft 28. The links 2 f2 
and 24 (and key 38) are urged to the positions 
shown in Figure 4 by spring 2 f9, secured between 
link 24 and depending arm 22 of a pivoted 
latch assembly including a second arm 222. Arn 
222 has a pin 223 adapted to engage a latching 
notch 224 of the link 24. 
Upon depresison of key 38 (Figure 6) the arm 

208, shaft 209 and arm 2.0 (Figure 4) are Oscil 
lated clockwise to move links 2 f2 and 24 rear 
wardly so that pin 223 moves into holding en 
gagement with latching notch 224 under the in 
fluence of spring 29. The rearward movement 
of link 214 causes clockwise rocking movement 
of arm 27 and shaft 28 (Figure 4) which also 
moves arm 226 (Figure 6) carried by shaft 28 
and having a slotted end 227, engaging rod 47. 
As previously described, rod 47 controls locking 
tooth 43 for the repeat rings 38. 
Thus, after setting the multiplier by the keys 

34 (Fig. 1) which adjust the racks (Fig. 5), if 
the repeat key 38 is depressed, the repeat rings 38 
having been adjusted with the racks , will be 
locked in their set position by lock tooth 43. 
As the racks are restored to their initial po 
sitions during the multiplying operation, the rings 
38 remain set at the multiplier value, the re 

spective springs 4 being tensioned as the racks 
are restored. At the end of the multiplying Op 
eration the racks if f are restored to Zero and 
latched by latches 2. 
Repeat escapement control-It will de recaled 

that the pin carriage is allowed a one-step es 
capement movement for each value set into the 
pin carriage until the pin carirage occupies the 
ordinal position at which the multiplying Opera 
tion is to begin. Means is provided for automati 
cally returning the pin carriage to the starting 
position at the end of each repeat multiplying 
operation. 
To effect the above purpose the pin carriage. 

has one edge of its U-shaped bracket 94 (Figs. 
7 and 10) formed to provide a rack 23 whose 
teeth correspond to the teeth 98 of rack 94. Dur 
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ing shifting of the pin carriage while the mul 
tiplier racks are being set, rack 23 is shifted 
with respect to a tooth 232 carried at one end 
of a stop element in the form of a sleeve 233, 
slidably and non-rotatably mounted on Square 
shaft 234 and normally disposed at the left end 
of the shaft as shown in Fig. 7. Leaf spring 236 
tends to frictionally hold sleeve 233 in its normal 
position on shaft 234 as shown in Fig. 7 where 
it abuts extension 252 of slide 243 described here 
inafter. Shaft 234 is pivotally mounted in plates 
74 and 75 and at its left end carries supporting 
arm 23 (Fig. 4) for links 22 and 24. Thus, 
depression of repeat key 38 after a multiplier 
value has been set causes shaft 234 to be rocked 
clockwise as viewed in Figure 4 or counterclock 
wise as viewed in Figure 10 to engage tooth 232 
with the aligned notch of the rack 23. Because 
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252 of slide 243 the slide 243 is returned to the 
inactive position shown in Figure 12 and the pin 
carriage is arrested in the starting position. Re 

this connection occurs after the shifting of the 
pin carriage to a selected ordinal position con 
trolled by the setting of the multiplier, the point 
of connection of tooth 232 with racks 23, and 
correspondingly the relative position of sleeve 
233 to the pin carriage provides an indication of 
the number of steps of shifting movement of 
the pin carriage (i.e., the number of digits in the 
multiplier). After connection of sleeve 233 to 
the pin carriage it provides a stop to permit a 
plural Step escapement of the pin carriage to 
the desired position thereof in accordance with 
the number of digits in the multiplier value. 
To control disabling of the escapement holding 

pawl i 6 (Figures 9, 12 and 13) pawl i 6 is pro 
vided with a cam surface 24 for engagement 
by a pin 242, carried by a slide 243, slotted to 
engage With respective rods 62 and 68 and 
normally heid in the position shown in Figures 
9 and 12. Pin 242 normally occupies a seat at the 
foot of cam surface 24 and does not interfere 
with normal operation of pawl 6. With key 
38 raised, notched extension 244 thereof, engages 
pin 242 to maintain this condition as shown in 

- Figure 9. 
Upon depression of key 38 to the position shown 

in Figure 12, slide 243 is free to move to the left 
When SO controlled under the influence of Spring 
246 connected thereto and to a second slide 247, 
slidably guided on rod 68 and having a pin 248. 
engaging a slot in slide 243. Spring 246 is nor 
mally untensioned so that upon depression of 
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key 3 as seen in Figure 12, slide 243 will remain 
in this inactive position. 

During return of the pin carriage in a mul 
tiplying operation, the last step of movement of 
the pin carriage (the movement following the 
last ordinal multiplication) causes its shifting 
rack 94 to engage upstanding ear 249 of slide 
24 so that spring 246 is tensioned and slide 243 
is moved from the position shown in Figure 12 
to that shown in Figure 13. During this move 
ment of slide 243, its pin 242 engages cam sur 
face 24 and moves the holding pawl 6 down 
wardly out of engagement with the teeth 98 
of rack 94. Slide 243 remains in this position, 
pin 242 withholding pawl í6 í from rack 94 until 
the pin carriage tabulates to the starting posi 
tion. V 

Thus at the end of each multiplying opera 
ition, and when the multiplier repeat key is set, 
the escapement mechanism is tripped to allow 
movement of the pin carriage back to the left 
as viewed in Figure 7 under the influence of ever 
5 and spring (54. When extension 25 i (Figure 

7) on sleeve 233 engages outwardly extending ear 

55 

60 

65 

70 

75 

turn of slide 243 removes pin 242 to the right, 
releasing pawl 6. Thus depression of the mul 
tiplier repeat key 3 conditions an escapement 
control mechanism whereby after a multiplying 
operation the pin carriage will be automatically 
returned to the starting position which it pre 
viously occupied as a result of the multiplier set 
ting operation. 

Multiplier rack release.--To enable the control 
for release of the multiplier racks at the end 
of a multiplying operation, the lower arm of 
bellcrank 203, Figure 6, is slotted at 256 to engage 
a pin 257 on a link 258. The link 258 is pivotally 
connected at its rearward end to an arm 259 On 
a sleeve 26 pivoted on transverse shaft 262. 
Sleeve 26 (Figures 5 and 8) carries a pair of up 
standing arms 263, connected by a transverse bar 
264. The bar 264 is so positioned in the machine 
that with the pin carriage located as shown in 
Figure 7 (to which position it is returned at the 
end of a multiplying operation) the bar 264 is 
associated with the tails of all of the holding 
pawls 2. Upon counterclockwise movement of 
the bar 264 as viewed in Figure 5 all of the hold 
ing pawls 2 i will be released and the racks i l l 
will be free to move to the respective positions 
represented by the adjusted stop rings 38. 

Normally the link 258 (Figure 6) has its nose 
positioned above the tail of bellcrank 5 which 
Operates with the pin carriage. However, as 
the bellcrank moves with the pin carriage, it 
will be moved from beneath the link 258 during 
setting of the multiplier so that when the key 38 
is depressed, the nose of link 258 is moved into 
the path of the bellcrank to be operated thereby 
during the overstroke shifting movement of the 
pin carriage at the end of the multiplying oper 
ation, that is, at the same time that the pin car 
riage is released to escape to its previously tab 
ulated position, the racks fff will be released to 
move to their adjusted positions. As a result the 
pin carriage will be set and positioned to begin 
a subsequent multiplying operation using the 
ame multiplier as used in the previous multiplica 
tion. 
To condition the machine for non-repeat mul 

tiplication, the multiplier correction key 39 is 
operated. As previously pointed out, the key 9 
(Figure 2) operates lever 20 in a counter clock 
wise direction. Underlying the left hand arm 
of lever 20 is an arm 2f secured on a trans 
verse shaft 272. Shaft 272 (Figure 4) carries a 
second arm 273, lying in front of pin 274 on latch 
arm 22, so that clockwise movement of shaft 
272 and arm 23 as viewed in Figure 4 will rock 
arm 22 and arm 222 to release link 24 from 
pin 223. Upon such release, spring 29 can be 
come effective to restore the parts positioned by 
the multiplier repeat key (including the repeat 
key itself) to its normal inactive position. Thus 
at the end of the actuation of the racks and the 
pin carriage which is initiated by the multiplier 
correction key, the pin carriage is positioned to 
its inactive or 'home' position shown in Figure 
and all of the racks fill are adjusted to "zero.' 
The stop rings 38 are also released and will re 
turn to their "zero' positions with the racks . 
To prevent depression of repeat key 38 during 

a multiplying operation, a suitable interlock 
means is provided. Referring to Figure 4, inter 
lock arm 28 is pivoted at 282 and is urged by 
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Spring 283 to follow counter-clockwise movement 
of bellcrank 99 which occurs upon initiation of 
a multiplying operation. A nose of arm 28 lies 
normally above a notch 284 in link 22 which is 
moved rearwardly upon depression of key 38. 
When the nose of arm 28 is seated in notch 
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the multiplying operation for releasing said ele 
ment holding means to permit said elements to 
be urged to positions representing the values to 

284 of link 2 2 during a multiplying operation, 
key 38 cannot be depressed. 
Operation.--The operator sets the constant 

multiplier by means of the keys 34 (Fig. 1) which 
adjust the racks and cause escapement of 
the pin carriage to the position where the mul 
tiplication is to begin. The operator then de 
presses the repeat key 38 which, is held down by 
the latch 222 (Fig. 4) and causes the rings 38 
(Fig. 6) to be locked in positions representing 
the constant multiplier by engaging the tooth 
f 43 with the racks 42, and which engages the 
tooth 232 of the sleeve 233 with the rack 23 on 
the pin carriage. 
The operator then sets the first multiplicand 

in the keyboard 22 and depresses either key 36 or 
37 to initiate the desired multiplication operation 
which results in the racks being restored to 
Zero and latched by the latches 2 and in the pin 
carriage being returned to the right in Figure 7. 
Upon being moved one step beyond the end posi 
tion the carriage engages the projection 249 (Fig. 
9) on the slide 247 which tensions the spring 
246 to move the slide 243 to the left in Figures 9 
and 12, pin 242 disabling pawl 6. Spring 54 
(Fig. 8) and lever 5 return the pin carriage 
to the left until flange 25 (Fig. 7) on sleeve 233 
engages projection 252 on slide 243, thereby re 
turning the slide to inactive position releasing 
pawl 6 and arresting the carriage. 

During the overstroke in returning the car 
riage to the right at the end of the multiplying 
operation the lever 5 (Fig. 8) actuates the lever 
258 to rock the bail 264 which unlatches the 
latches 2 (Fig. 5) allowing the racks to 
return to the setting of the rings 38. 
In this manner at the conclusion of the mul 

tiplying operation the multiplier racks are auto 
matically reset to the constant multiplier value 
and the pin carriage is tabulated to the starting 
position. The operator then sets the next mul 
tiplicand in the keyboard and initiates the next 
multiplying operation by depressing either the 
key 36 or the key 37. 
We claim: 1. In a calculating machine having a register, 

actuating means therefor, and means for con 
trolling operation of said actuating means to per 
form a plural order multiplying operation, said 
last-named means including a multiplier Selec 
tion carriage having a plurality of ordinal elle 
ments urged in a setting direction, means for 
holding said elements in an inactive position, Said 
elements being settable therefrom to represent 
the digits of a multiplier figure, said elements-be 
ing returned to the inactive positions thereof dur 
ing a multiplying operation, means for moving 
said carriage in one direction from a normal po 
'sition during the setting of a multiplier figure 
therein, and means for returning said carriage 
step-by-step in the opposite direction during the 
multiplying operation, a multiplier repeat mech 
anism including ordinal differentially settable 
means in said carriage and movable with said 
elements upon setting thereof, means for hold 
ing said settable means in set position independ 
ently of return of said elements during a multi 
plying operation, means controlled by return 
movement of said carriage at the conclusion of 
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which said settable means are set, and means 
controlled by movement of said carriage at the 
end of a multiplying operation to cause said car 
riage moving means to move said carriage toward 
the position occupied thereby at the end of the 
setting of the multiplier figure therein. 

2. In a calculating machine having a register, 
actuating means therefor, and means for con 
trolling operation of said actuating means to per 
form a plural order multiplying operation, said 
last-named means including a multiplier selec 
tion carriage, having a plurality of ordinal elle 
ments normally held in an inactive position and 
Settable therefrom to represent the digits of a 
multiplier figure, said elements being returned 
to the inactive positions thereof during a multi 
plying Operation; means for moving said carriage 
step-by-step in one direction from a normal po 
sition during the setting of a multiplier figure 
therein, and means for returning said carriage 
Step-by-step in the opposite direction during the 
multiplying operation; means for resetting said 
elements to a repeat multiplier vaiue, means for 
returning said carriage to the position of said 
carriage after setting of a multiplier value, and 
means controlled by movement of said carriage at 
the conclusion of the multiplying operation for 
rendering operative said means for resetting said 
elements and said means for returning said car 
riage to the position of said carriage after set 
ting of the multiplier. 

3. In a calculating machine having a product 
register, registration control i means including 
means Settable to represent a multiplicand and 
means settable to represent a multiplier, said 
means for representing a multiplier comprising 
a plurality of orders of coaxial differentially ad 
justable elements in a transversely shiftable car 
riage, means for differentially adjusting said ele 
ments and for positioning said carriage in ac 
cordance with a multiplier value, means for ini 
tiating a multiplying operation, said registration 
Control means including means operated cycli 
cally during the multiplying operation for re 
storing said elements one by one to Zero position 
and means for returning said carriage step-by 
step to initial position: a mechanism for condi 
tioning the machine for repeated use of the same 
multiplier value comprising a plurality of mem 
bers, one for each of said differentially adjust 
able elements, each element when positioned by 
said differential adjusting means Serving to Set 
the member associated therewith to a position 
corresponding in differential value to that of the . 
element, and means operable after said elements 
and said carriage have been positioned in accord 
ance with a multiplier value and before operation 
of said means for initiating a multiplying opera 
tion for locking said members in their set posi 
tions, whereby upon operation of said initiating 
means said elements are restored to zero during 
the multiplying operation but the multiplier value 
is retained in the setting of said members. 

4. In a calculating machine having a product 
register, registration control means including 
means settable to represent a multiplicand and 
means settable to represent a multiplier, said 
means for representing a multiplier comprising 
a plurality of orders of spring-urged racks in a 
shiftable carriage, a latch for each rack to hold 
it in zero position, means for differentially ad 
justing said racks one by one in accordance 
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with the multiplier value, means for moving said 
carriage from its normal position one ordinal 
step for each figure of the multiplier, means for 
initiating a multiplying operation, said registra 
tion control means including means operated 
cyclically during the multiplying operation for 
restoring said elements one by one to zero 
latched position and means for returning said 
carriage Step-by-step to Said normal position: a 
mechanism for conditioning the machine for re 
peated use of the Same multiplier value compris 
ing a plurality of differentially settable stops, one 
for each of Said racks, each rack when positioned 
by Said differential adjusting means serving to 
set the aSSOciated stop to a position correspond 
ing in differential value to that of the rack, 
means operable after said racks and said car 
riage have been positioned in accordance with 
the multiplier value and before operation of said 
means for initiating a multiplying operation for 
locking Said stops in their differentially set posi 
tions, and means automatically operable at the 
conclusion of the multiplying operation when all 
Said racks have been latched in Zero position and 
Said carriage has been returned to normal posi 
tion for unlatching said racks whereupon said 
racks are released and reengage their associated 
StopS to resume their differentially adjusted posi 
tions and thus again represent the multiplier 
value which is to be repeated in the next multi 
plying operation. 

5. In a calculating machine having a product 
register, registration control means including 
means Settable to represent a multiplicand and 
means settable to represent a multiplier, said 
means for representing a multiplier comprising 
a plurality of orders of spring-urged racks in a 
shiftable carriage, a latch for each rack to hold 
it in Zero position, means for differentially ad 
justing said racks one by one in accordance with 
the multiplier value, means for moving said car 
riage from its normal position one ordinal step 
for each figure of the multiplier, means for ini 
tiating a multiplying operation, said registration 
control means including means operated cycli 
cally during the multiplying operation for restor 
ing Said elements one by one to zero latched 
position and means for returning said carriage 
step-by-step to said normal position: a mecha 
nism for conditioning the machine for repeated 
use of the same multiplier value comprising a 
plurality of differentially settable stops, one for 
each of Said racks, each rack when positioned 
by said differential adjusting means serving to 
Set the aSSociated stop to a position correspond 
ing in differential value to that of the rack, 
means operable after said racks and said car 
riage have been positioned in accordance with the 
multiplier value and before operation of said 
means for initiating a multiplying operation for 
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locking said stops in their differentially set posi 
tions, and means controlled by movement of said 
carriage beyond normal position at the conclu 
sion of the multiplying Operation for unlatching 
Said racks whereupon said racks are released and 
reengage their associated stops to resume their 
differentially adjusted positions and thus again 
represent the multiplier value which is to be re 
peated in the next multiplying operation. 

6. In a calculating machine having a product 
register, register control meanS including means 
settable to represent the multiplicand and means 
Settable to represent the multiplier, said means 
for representing the multiplier comprising a plu 
rality of orders of differentially adjustable elle 
mentS in a transversely shiftable carriage, means 
including means to urge said elements to differ 
entially set position for adjusting said elements 
in accordance with a multiplier value, means in 
cluding means for urging Said carriage from a 
normal position to a set position for setting said 
Carriage in a position where said elements will 
be ordinally arranged in accordance with a mul 
tiplier value, means for initiating a multiplying 
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Operation, Said registration control means includ 
ing means operated cyclically during a multiply 
ing operation for restoring said elements one by 
One to Zero position, and means for returning said 
carriage step-by-step to normal position: a mech 
anism for conditioning the machine for repeated 
use of the same multiplier yalue comprising c. 
plurality of members, one for each of said differ 
entially adjustable elements, each element when 
positioned by said differential adjusting means 
Serving to set the member associated therewith 
to a position corresponding in differential value 
to that of the element, means operable after said 
members and elements have been positioned in 
accordance with a multiplier value which is to be 
repeated for locking said members in their set 
positions, and means operable after said carriage 
has been Ordinally positioned in accordance with 
the multiplier value which is to be repeated for 
cOnnecting a tabulator stop to said carriage 
adapted after the multiplying operation to co 
operate with a stop on the frame of the nachine 
for repositioning Said carriage in the said ordinal 
position for the repeat multiplication, means 
Operable by movement of Said carriage at the 
conclusion of the multiplying operation for caus 
ing Said element-urging means to return Said elle 
ments to the set positions determined by said 
members, and for causing said carriage-urging 
means to move Said carriage to the position de 
termined by said tabulator stop to reposition: Said 
carriage in accordance with the multiplier value 
which is to be repeated. 
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