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UNITED STATES PATENT OFFICE 
CALCULAT NG MACHINE 

Carl M. F. Friden and James H. Gemmell, Oak 
land, Calif., assignors to Friden Calculating 
Machine Co., Inc., a corporation of California 

Application October 27, 1936, Serial No. 107,806 
9 Claims. (CI. 235-63) 

The present invention relates to calculating 
machines adapted to perform addition, subtrac 
tion, multiplication and division, such as disclosed 
in my co-pending application, Serial No. 724,482, 
filed May 8, 1934, and more particularly to an 
improved multiplier and tabulating mechanism 
therefor. 

It is a general object of the invention to pro 
vide an improved multiplier mechanism for call 
culating machines. 
Another general object of the invention is to 

provide an improved tabulating mechanism for 
predetermining a selected number of carriage shifting operations, 
A further object . of the invention is to pro 

vide calculator control mechanism for predeter 
mining the number of cycles of operation of the 
calculating machine selectively for a carriage 
shifting operation or for a digitation operation. 
Another object of the invention is to provide 

improved calculator mechanism of the character 
referred to which is especially adapted for use 
in a Thomas type calculating machine. 
Another object of the invention is to provide 

an improved multiplier mechanism Which is con 
structed for assembly as a unit on the calculat 
ing machine. 
Another object of the invention is to provide 

an improved calculator mechanism of the char 
acter referred to which is of simple construction 
and reliable operation. 
Another object of the invention is to provide 

an improved calculating machine which performs 
multiplication and carriage shifting incident 
thereto by continuous and uninterrupted cyclic : 
operation of the actuating means. 
Another objegt of the invention is to provide 

a calculating machine having improved means 
for Setting the machine for a predetermined 
number of cycles of operation. 
Another object of the invention is to provide 

a calculating machine having improved means 
for ending a multiplication operation and nor 
malizing the various parts of the multiplier 
mechanism. 
Another object of the invention is to provide 

an improved calculating machine having the 
multiplier and tabulating mechanism and the 
parts associated therewith constructed to pro 
mote economy in manufacture and assembly. 
Si Other objects of the invention will appear as 
the-description progresses with reference to a 
preferred embodiment of the invention as illus 
trated in the accompanying drawings. 
In the drawings: 
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Figure 1 is a plan view on a reduced scale of 
a calculating machine embodying my invention. 

Figure 2 is a full size longitudinal vertical sec 
tion taken in a plane indicated by the line 2-2 
itu Fig. 1, the front part of the machine. being 
omitted. 

Figure 3 is a fragmentary plan view of the 
machine with various parts, including the car 
riage, key sections, and drive and control mech 
anisms omitted. 

Figure 4 is a sectional elevation of the right 
side frame member and various parts mounted 
thereon with certain of the parts shown in sec 
tion. The view is taken as indicated by the lines 
4-4 of Figs, 1, 3 and 6. 
Figure 4A is a fragmentary sectional eleva 

tion of the right side frame member and a por 
tion of the shift control mechanism as indicated 
by the line 4A-4A in Fig. 3. . . . . . 

Figure 5 is a sectional elevation of the left side 
(as viewed from the front of the machine), of 
the control plate and various control members 
mounted thereon with certain shafts and the 
like shown in Section. The view is indicated by 
the lines 5-5 in Figs. 1, 3 and 6. - 
Figure 6 is a fragmentary rear sectional eleva 

tion of the machine With the cover removed and 
certain parts omitted, the view, being indicated 
by the line 6-6 in Fig. 2. 

Fig. 6A is a perspective view of the full cycle 
mechanism for controlling the engagement of 
the carriage shift drive mechanism. 

Figure 7 is a right side elevational view of the 
multiplier and tabulating unit, as indicated by 
the lines 7-7 in Figs, 1 and 6. 

Figure 8 is a sectional elevation of the multi 
plier and tabulating unit with certain parts of 
the unit omitted and broken away to clarify the 
disclosure. The view is indicated by the line 
8-8 in Figs, 3 and 6. 

Figures 9 and 10 together illustrate a sectional 
elevation of certain parts of the multiplier unit 
as viewed from the left, the view being taken as 
indicated by the line 9-9 in Fig. 6. 

Figure 9A (sheet 5) is a view similar to Figs. 
9 and 10 illustrating certain parts of the multi 
plier and tabulating mechanism which are omit 
ted in Figs. 9 and 10 to avoid obscuring other 
parts therein. 

Figure 11 is a fragmentary view of a part of 
the mechanism shown in Figure 9, but illustrated 
in a different Operative position. 

Fig. 12 is a fragmentary view similar to Fig. 
8, but showing the parts as positioned after de 

55 pression of the number one multiplier key, while 
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in dotted lines the parts are shown as positioned 
with the number six key depressed. In each in 
stance the parts are shown in the position occu 
pied before the first cycle of movement of the 
machine resulting from depression of the mul 
tiplier key. 

Fig. 13 is a fragmentary view similar to Fig. . 
12, but showing the parts as positioned after one 
cycle of actuation of the multiplier rack 206 
away from the position it occupies after depres 
Sion of the number six key. ? ; 

Fig. 14 is a view similar to Figs. 12 and 13 and 
shows the parts as positioned in the next to the 
last cycle of any multiplying operation when the 
multiplier pawl 286 is in active position. 

Fig.15 is an operational view of the shift. Con 
trol mechanism showing the condition of the 
parts at the beginning of the shift cycle. 
The invention is described as embodied in a 

preferred form and as adapted to a Thomas type 
calculating machine. Referring to Fig. 1, the 
machine includes body 5 in which the actuat 
ing, selecting, and control mechanisms are 
mounted; and carriage f6 which is mounted for 
endwise shifting movement transversely of body 
5 and which carries numeral wheels 7 and 8 

of the accumulator register and revolutions 
counter, respectively. Carriage 6 can be shift 
ed by power in either direction by manipulation 
of respective shift keys. 9, 20 through mecha 
nism described hereinafter, or manually by na 
nipulation of carriage release lever 2. 
Walues to be registered in the accumulator are 

entered into the machine by depression of nu 
meral keys 22 in the various ordinal rows there 
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2,827,704 
present invention, it being understood that the 
mechanism which is not described fully may be 
of conventional construction. 

Selecting and actuating mechanisms 
Within body or casing 15, the frame includes 

left and right side plates 35, 36 (Fig. 3) which are 
suitably mounted on base 37 (Fig. 2) and are 
interconnected by various CrOSS frame members 
including members 38, 39 and 40 for supporting 
various mechanisms including the selecting and 
actuating mechanisms described hereinafter. 
The values to be introduced into accumulator 

numeral wheels 7 are selected by means of a plu 
rality of similar orders of Selecting mechanism 
associated with numeral keys 22, One of Such 
orders being partially illustrated in Fig. 2. Such 
mechanism will be described briefly, and for a 
complete description thereof reference is made 
to my said co-pending application No. 724,482 
and to my application Serial No. 35,619, filed 
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of, keys 22 being releasable individually by de- - 
pression of ordinal clear keys 23 or collectively 
by depression of clear key 24. Values intro 
duced into the machine are registered additively 
or subtractively on accumulator numeral Wheels 
fl. by depression of plus key 25 or minus key 26, 
While the number of registrations or its Comple 
ment can be entered in counter numeral wheels 
8 by proper setting of control lever 2. 
Values registered in numeral wheels and 8 

can be erased, i. e. the register can be zeroized, by 
manipulation of respective manually operable re 
setting handles 28, 29, or by power through de 
pression of return and clear key 30. Depression 
of key 30 first effects return of carriage 6 to its 
farthest left position and Subsequently effects 
resetting of accumulator numeral wheels. 
alone, or both numeral wheels and couriter 
numeral wheels 8 as selected by the setting of 
Control lever 3. 
The machine is adapted to perform automatic 

plural order division by means 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. Automatic multiplication can also be 
performed by depression of selected multiplier 
keys 34 and the Operation of mechanism asso 
ciated therewith, the same mechanism being 
adapted to control tabulating of the carriage in 
either direction by simultaneous depression of 
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August 10, 1935. Each bank or order of keys 22 
cooperates with a pair of similar parallel Spring 
urged value selecting slides 4 mounted for end 
wise movement by a suitable linkage. Each slide 
& is provided with cam surfaces of varying in 
clination for cooperation with Suitable pins on 
certain of keys 22 to effect a differential move 
ment of slide on depression of a key 22. Each 
bank of keys 22has a latching slide 22A of con 
ventional construction associated therewith to 
latch any depressed key 22 releasably in de 
pressed position. Each slide is connected at 
its rear end with a ten-toothed gear 42 slidably 
and non-rotatably mounted on Square shaft 3. 
Movement of a slide 4 serves to position gear 
42 on shaft 83 with respect to the stepped teeth 
of the associated actuating cylinder 44 in accord 
ance with the value of the depressed numeral 
key 22. A pair of actuating cylinders 44 (Figs. 
2 and 3) for adjacent Orders of the machine are 
mounted on each actuating shaft 46, which is 
suitably journalled in cross members 39 and 40 
and has a bevel gear connection with transverse 
clutch driven shaft 47. Shaft 47 is operable 
cyclically in a single direction from clutch con 
trolled driving means as described hereinafter. 
As seen in Fig. 3, the pair of square shafts 43 

associated with each actuating shaft 46 are posi 
tioned above and to either side thereof, while sets 
of gears 42 on respective square shafts 43 are off 
set longitudinally for cooperation with the asso 
ciated axially offset actuating cylinders 44. By 
the above arrangement and upon each rotation 
of the actuating means, variable increments of 
movement can be imparted to each Square shaft 
43 by the associated actuating cylinder 44 in ac 
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one of shift keys 9 or 20, and one of multiplier 
keys 34. This mechanism and the associated 
control means form the principal subject matter 
of the instant invention, and are described later 
in detail. 
With the above general organization of parts 

in mind, various of the above noted mechanisms 
will be described in detail insofar as deemed nec 
essary or desirable to an understanding of the 75 

cordance with the adjusted position of gears 42. 
Each square shaft 43 is suitably journalled in 

cross members 38, 39 and 40, and between mem 
bers 38 and 39 has associated therewith selec 
tively settable plus-minus gears for driving.an 
aligned numeral wheel 7. The plus-minus 
gears of each order of the machine include a 
Spool 5 (Figs. 2 and 3) slidably and non-rotat 
ably mounted on shaft 43 and having opposed 
bevel gears 52, 53 arranged for selective engage 
ment with similar gear 54 on numeral wheel . 
shaft 56. The engagement of gears 52 and 53 
with gear 54 is controlled by strap 57 which ex 
tends transversely of the machine between each 
Set of plus-minus gears 52, 53 and is mounted 
for rocking movement with shaft 58, which is 
suitably journalled in side plates 35, 36. Shaft 
58 is controlled in a manner hereinafter de 
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scribed to determine positive registration by 
meshing gears 52 with gears 54, and negative reg 
istration by meshing gears 53 with gears 54. In 
the neutral position shown in Fig. 2 in which 
gears 52 and 53 are held normally by suitable 
spring urged centralizing means, carriage shift 
ing can be effected. 
During both additive and subtractive regis 

tration of values in numeral wheels , suit 
able transfer mechanism is operative to effect 
the tens transfer as disclosed, for example, in said applications. 

Drive and drive control 
As stated above, the actuating means is oper 

able cyclically to effect registration in the ac 
cumulator of the values Set into the machine 
by depression of the numeral keys. For this 
purpose a clutch controlled drive is provided for 
the actuating mechanism which preferably 
forms the sole drive means for all operating 
parts of the machine. The source of power of 
the drive means comprises electric motor 6f 
(Fig. 2) with drive shaft 62 (Figs. 2 and 4) car 
rying drive gear 63 which is connected by gear 
64 (Fig. 4) with gear 66 journalled on trans 
verse clutch driven shaft 4 and having driv 
ing clutch element or ratchet 67 formed on the 
hub thereof. 
cured on shaft 47 and has pivoted thereon 
spring-urged clutch pawl 69 having a tooth for 
engagement with the teeth of ratchet 67 to 
establish the drive connection. Pawl 69 is urged 
to operative position, but is restrained in the 
neutral or full cycle position of the parts by 
clutch control lever 7 pivoted at 72 on side 
plate 36. Lever 7 carries roller 73, which seats 
in depression 74 on clutch element 68 in the 
full cycle position thereof, and in other posi 
tions thereof maintains lever 7 in its clutch 
engaging position for a purpose later referred 
tO. 

It is seen, therefore, that one or more cycles 
of Operation of the actuating mechanism can 
be determined by oscillation of clutch control 
lever 7 d. Simultaneously with movement of con 
trol lever 7, the circuit for motor 6 is estab 
lished as described hereinafter. 

Plus and minus keys 
Means are provided for selectively determin 

ing positive or negative registration on the nu 
meral wheels in the form of plus key 25 (Fig. 
5) and minus key 26 which are slidably mount 
ed for endwise movement on control plate 18, 
which is mounted in spaced relation from side 
frame member 36 (Fig. 3). Depression of either 
of keys 25, 26 serves to engage the clutch, close 
the motor circuit, and select the sign character 
of the registration. o 
To enable the drive, keys 25 and 26 (Fig. 5) 

have respective pins 79 in operative relation 
with suitable can Surfaces. On clutch control slide 
8. which is suitably mounted for endwise move 
ment on plate 78. To effect control of the clutch 
by such movement, pin 82 (Figs. 4 and 5) on the 
upper arm of clutch control lever 7 abuts the 
rear end of slide 8, so that rearward movement - 
of slide 8 oscillates lever 7 in a clockwise, di 
rection as viewed in Fig. 4 to release clutch dog 
69 for engagement with drive ratchet 67. 
To close the motor circuit, pin 82 (Fig. 4) 

is connected by link 83 with lever 84 pivoted 
at 86 on side plate 36 and connected at its 

Driven clutch element 68 is se 

5 
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3 
lower end with lever 8 also pivoted on plate 
36. Lever 87 has a suitable insulated pin in 
overlapping relation with spring mounted con 
tact 88 normally spaced from similar contact 89. 
Thus, clockwise movement of clutch control lever 
Ti serves through link 83 and lever 84 to oscil 
late lever 87 in a counterclockwise direction, 
whereby contact 88 is engaged with contact 89. 
to establish the circuit for the motor. It will 
be noted that roller 3 in maintaining control 
lever 7 in clutch engaging position when the 
actuating means is out of full cycle position also 
serves to maintain contacts 88 and 9 closed 
So that the motor circuit can be interrupted only 
in the full cycle position of the parts. 
To determine the sign character of the regis 

tration, plus and minus keys 25 and 26 (Fig. 5) 
have respective rollers 9, disposed in operative 
relation with opposed cam surfaces 92 on plus 
minus slide, 93. Slide 93 is mounted for end 
wise movement at its front end by link 94 and 
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at its rear end by arm 96 on shaft 58. As de 
scribed above, shaft 58 (Figs. 2, 3 and 6) car 
ries transversely extending strap 57 which con 
trols the engagement or disengagement of gears 
52 or 53 with numeral wheel gears 54. Thus, 
depression of plus key 25 moves slide 93 rear. 
Wardly of the machine and rocks shaft 58 and 
strap 57 to effect meshing of gears 52, 54, deter 
mining positive registration on numeral wheels 
7 of the value set in the keyboard. Similarly, 

depression of minus key 26 determines one or 
more negative registrations of such values by 
meshing gears 53, 54. 

Carriage shift mechanism 
Means are provided for shifting the carriage 

in either direction from one ordinal position to 
another by power driven means controlled by 
manually operable keys. The power driven 
means preferably includes a part of the actu 
ating means for entering values into the ac 
cumulator register. Carriage 6 (Figs. 2 and 
6) includes frame of having shift plate O2 
extending along the rear side thereof with its 
ends pivotally supported by similar brackets f O3, 
only one of which is shown. Plate 02 is pro 
vided with vertical slots 04 (Fig. 6) formed. 
between teeth 06, each end slot 104A being 
formed in part by yieldable pawl ol, only one 
of which is shown, and which are connected by 
spring 08. Slots 04 are adapted for engage 
ment by opposite shift pins on shift gear 
f 2 suitably journalled on cross frame member 
38. Shift gear if 2 can be rotated selectively in 

- either direction thru idler gear 3 to shift the 

60 

carriage thru any desired number of ordinal 
spaces by the cooperation of pins and teeth 
f06, each one half rotation of gear 2 effecting 
one ordinal spacing of the carriage. Shift gear 
12 is centralized by means of cam i 4 and cen 

tralizing arms having spring it connected 
therebetween. - 

In order to rotate shift gear 2 selectively in 
either direction the two right hand actuating. 
shafts 46 (Figs. 3, 6 and 6A) are extended and 
are provided with similar controllable drive con 
nections with gear 2. Each connection includes 
a collar 8 fixed on the associated shaft 46 adja 
cent the end thereof and having opposite slots 
slidably engaged by corresponding teeth if f 9 of 
shiftable collar 2, which is mounted for sliding 
movement at the end of shaft 46. Collar 2 has 
smaller teeth 22 in operative relation with cor 
responding slots in gear sleeve 23. Gear sleeve 
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123 is suitably journalled in cross member 38 and 
plate 24 and carries gear 126 meshing with wide 
idler gear 27 which also meshes with idler gear 

3. . Similar gear sleeve 28 (Fig. 3) has gear 
129 which meshes with idler gear 13, and has a 
similar controllable drive connection with an 
actuating shaft 46. 
Thus, by selective shifting of collars 2 to 

establish a drive connecticn, rotation of actuat 
ing shafts 46 determines rotation of shift gear 

2 in either direction to effect shifting of car 
riage 6 in either direction. 

Similar mechanisms are provided to control 
shifting of collars. 2. Each mechanism in 
cludes a fork 3 (Figs. 3 and 6) at the rear end 
of rod 32 and engaging a suitable annular groove 
in the associated collar 2. Rod 32 (FigS. 2 
and 3) is slidably mounted in cross members 383 
and 40 and is spring-urged to the position shown 
by spring 33. Rods 32 (Figs. 2, 3 and 4A) 
have associated therewith respective arms 36 
depending from shaft 35 and sleeve 35A jour 
nalled thereon, which are oscillated to shift rods 
32 by depression of respective shift keys 9 and 
20 (Figs. 1 and 4). Keys 9 and 20 carry respec 
tive pins 36 (Fig. 4A) overlying the offset upper 
ends of respective arms 37, 38 carried by shaft 
35 and sleeve 35A, respectively. The opposite 
ends of pins 36 also overlie suitable cam surfaces 
of cam plate 39 (Fig. 4) secured on lever 86, so 
that depression of a shift key rocks lever 86, 
clutch control lever , and circuit control lever 
8 to thereby engage the clutch and close the 
motor circuit as described in connection with 
plus and minus keys 25, 28. 
Means are provided for maintaining each shift 

drive connection engaged for a full cycle of the 
actuating means, and, as each such means is of 
identical construction, only one will be described. 
Each shiftable collar 2 (Figs. 2, 6 and 6A) 
carries a disc 4 which has cut-away portion 42 
in its periphery so positioned that in the full 
cycle position of the parts, cut-away portion 42 
is registered with full-cycle pawl 43 laterally, but 
not vertically. Pawl 43 is mounted for vertical 
sliding movement in bracket 44 secured on cross 
frame member 38 and is urged to the upper posi 
tion thereof illustrated, by spring 46 seated in 
bracket 44. As seen in Fig. 2, disc 4 f is posi- ; 
tioned to the left of pawl 43, and will, upon shift 
ing of collar 2? to engage teeth 22 with collar 
23, be moved to the right of pawl 43. Subse 
quent rotation of the actuating means moves the 
unbroken periphery of disc 4 into registry with 
pawl 43 so that collar 2 f is held in active posi 
tion for a full rotation of disc 4 and the drive 
connection is maintained for a full cycle of Oper 
ation of the actuating means. Also, if collar 2 
is not shifted to operative position at the begin 
ning of a cycle of actuation, such movement is 
prevented until the end of the cycle. 
Thus, carriage f8 carrying numeral wheels T, 
8 can be shifted selectively in either direction 
through one or more ordinal positions by depres 
sion of keys 9 and 20 to control the cyclic opera 
tion of the actuating means. 

Revolutions CO2ter 
Numeral wheels 8 (Fig. 2) of the revolutions 

counter register the number of actuations of 
accumulator numeral wheels in a conven 
tional manner by the operation of counter actu 
ator 47 as disclosed, for example, in said applica 
tion Serial No. 724,482. 
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Division mechanism. 
The division mechanism is only disclosed in 

part herein as a complete description thereof is 
not believed necessary to an understanding of 
this invention. Such mechanism includes divi 
sion starting control lever 32 (Fig. 5) pivoted at 
a 5f on control plate 78 and operatively associated 
With division setting slide 52 to effect movement 
thereof to initiate a division operation. Move 
ment of slide 52 sets division latch lever 53 to 
enable various parts of the division mechanism, 
after which the division operation proceeds in a 
conventional manner to register the quotient in 
the revolutions counter. 

Multiplier and tabilating mechanism. 
The multiplier and tabulating mechanism is 

built as a unit for mounting in operative relation 
with the various associated mechanisms, and for 
convenience will be described first in connection 
with its operation as a multiplier unit. The 
mechanism includes a series of multiplier keys 34 
corresponding to multiplier digit values of from 
“one' to "nine' and each of which effects on 
depression thereof a number of registrations of 
the multiplicand corresponding to the value of 
the depressed key. At the conclusion of any Such 
registration, the carriage is shifted one step to 
the right, so that the key corresponding to the 
next higher order multiplier digit can be de 
pressed, until the entire product is registered. 

Depression of a multiplier key 34 serves to set 
the multiplier selection mechanism, to release the 
multiplier rack to receive such selection, to enable 
the multiplier rack actuator, and to set various 
interlocks, all as described hereinafter. 
AS Seen in Figs. 3 and 6, multiplier frame plate 
56 is secured on side frame member 36 and in 

spaced relation therefrom by spacers 57 and 
bolts 58, the various parts of the unit being 
mounted on plate 56. Multiplier keys 34 are 
Similar and similarly mounted, the entire key 
section being assembled as a unit on the multi 
plier plate. Each key 34 (Fig. 7) - has a longi 
tudinal slot 6 which is engaged by spaced studs 
62 secured between U-shaped side plates 63, 
64, which are notched at the meeting edges 

thereof to receive keys 34. Plates 63, 64 are 
secured together by studs 62 and by similar end 
plates 66 (Figs. 7, 9 and 10) only one of which 
is Seen in Fig. 7. Each plate 66 extends through 
multiplier plate 56 and has offset flange 67 
Secured thereto by screws f68. Keys 34 are 
yieldably held in their upper inactive positions 
by sinuous coil spring 7 extending over top 
studs 62 and under pins 72 on keys 34. 
Latch means are provided for holding a mul 

tiplier key in depressed position, and for this 
60 
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purpose each key 34 (Fig. 7) has latching notch 
3 above a suitable cam surface thereon which 

is operatively engaged with latching slide 74, 
which is slotted to receive keys 34. Slide 74 
(Figs. 7 and 10) is mounted for endwise sliding 
movement between key section side plates 63, 
4 and is spring-urged toward the front of the 

machine, so that, upon depression of a key 34, 
slide 74 will engage in notch T3 to maintain 
Such key depressed. As described later, a de 
pressed key 34 is released automatically at the 
end of the multiplying operation. Multiplier 
clear key l'76 (Fig. 1) of conventional con 
struction may also be depressed to move slide 
f74 to release any erroneously depressed key 34. 
As stated above, depression of a key 34 serves 
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to set the multiplier selection mechanism, which 
is preferably in the form of a series of stops for 
COOperation with the multiplier rack which is re 
leased for engagement with a set stop by the 
depression of a key 34. Each key 34 (Fig. 7) car 
ries pin 8 at its lower end for cooperation with 
the associated selecting arm 82, which has its 
lower end pivoted at 83 on strap 84 which is 
secured on multiplier plate 56 as by screws 86, 
Each arm 82 is pivotally connected intermediate. 

5 
22 which is pivotally connected at 228 to mu 
tiplier rack release slide 229. Slide 229 is 
mounted for limited vertical sliding movement 
by studs 23 on multiplier plate 56 and is urged 
to its upper or inactive position by spring 232 
connected to the upper end thereof and to stud 

0. 
its ends to one of selecting stop links 19 which 
extend rearwardly of the machine between mull 
tiplier plate 56 and retaining strap 92 suit 
ably secured in spaced relation thereon. Springs 
(93 are tensioned between strap 92 and links 
9 and serve to urge links 9 to the inopera 

tive positions thereof illustrated in Fig. 7, with 
arms 82 engaging pins 8 on the multiplier 
keys. 
Adjacent their rear ends each link 9 carries 

a flanged stud 94 which engages in a corre 
sponding guide slot 96 formed in the arcuate 
forward edge of guide plate 97, which is secured 
in spaced relation from multiplier plate 56 as 
by spacers 98 (Figs. 3, 6 and 7) and bolts 99. 
As seen in Fig. 7, guide slots 96 are equally 
Spaced apart vertically and are of equal depth 
from the arcuate edge of guide plate 97 so that 
guide slots f 96 and flanged studs 194 serve to 
position the active ends of the selecting stop 
links vertically as well as laterally of the ma 
chine. As seen. in Fig. 8, each link 9t has bev 
eled stop end 20, and ends 20 are positioned in 
an arc for cooperation, when projected to active 
position, with the multiplier rack as described 
hereinafter. 
From the above description, it is seen that de 

pression of a multiplier key 34 serves to rock the 
associated Selecting arm 82 and move a Select 
ing link i 9 rearwardly of the machine to active 
position. In such position, the stop end 20 f of 
an active link 9 is positioned differentially from 
the multiplier rack in accordance with the value 
of the depressed multiplier key which is nor 
mally latched in inactive position and is released 
by depression of a multiplier key 34 to move 
into engagement with the set stop 20. Subse 
quently, the multiplier rack is returned step by 
step to and past its inactive position for a pur 
pose later described. 

Multiplier rack 206 (Figs. 7 and 8) is pivot 
ally mounted on Stub Shaft 20 Secured between 
multiplier plate 56 and guide plate 97. Rack 
206 is formed as an arcuate sector and has ten 
teeth 208 formed on the periphery thereof, ad 
jacent unbroken arcuate portion 209 which ter 
minates in beveled stop engaging face 2. Rack 
206 is urged in a clockwise direction by spring 
22 secured thereto at one end and extending 
around hub 213 thereof to stud 2 4 on multi 
plier plate 56, and is held in its inoperative 
position shown in Figs. 7 and 8 by latch pawl 
26 which has the flat end thereof engaged with 
face 2 of the rack. 
Latch pawl 26 is pivoted at 27 on guide plate 

97 and is oscillated upon depression of a mul 
tiplier key 34 to release rack 206 and permit 
movement, thereof by spring 22 into engage 
ment with the stop 20 which is set by the de 
pressed key 34. For this purpose, latch pawl 26 
(Fig. 7) has a rounded end thereof embraced 
by the forked end of release lever 22 pivoted 
at 222 on guide plate 97. Offset end 223 of lever 
22 is urged upwardly by spring 224 and under 
lies shoulder 226 (Figs, 7 and 8) formed on link 
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233 on plate 56. Movement of the release slide 
downwardly from its inactive position serves 
through link 22, lever 22 and pawl 2 6 to re 
lease the multiplier rack, and to effect such 
movement, slide 229 iš provided with a plurality 
of similar vertically spaced cam surfaces 236 
for cooperation with pins 237 on links 9. 
From the above description it is seen that de 

pression of a key 34, through the associated link 
9 and pin 23 thereon serves to move side 229 
and link 22 downwardly, thereby rocking lever 
22 and pawl 26 to release multiplier rack 206. . 
This condition is illustrated in Fig. 12 where 
rack 206 is shown in full lines as positioned with 
the "one' key depressed, and in-dotted lines as 
positioned with the "six' key depressed. After 
depression of any multiplier key 34, subsequent 
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immediate depression of a key 34 of higher value 
is ineffective because the rack 206 will engage the 
lowest value stop 20 which is in active position, 
while means are provided to prevent such de 
pression of any key 34 of lower value. For this 
purpose rack 206 carries sector 37 (Figs. 8 and 
12) which is aligned with pins 32 on links 9 
of a lower value than any set stop link 9 to pre 
vent complete depression of any key 34 of lower 
value than any such key which has been de 
preSSed. 
The movement of multiplier rack 206 from its 

inactive position shown in Fig. 8 serves to release 
power-operated means for setting the plus-minus 
gears to 'plus' position, for engaging the clutch, 
for enabling the shift mechanism, for enabling 
the multiplier key latch release means, and for 

, enabling various interlocks. Preferably, such 
power Operated means Comprises a spring-pressed 
restrained element which is energized at the end 
of each multiplying operation by restoration of 
the multiplier rack to inactive position. - 
Such element comprises bellcrank 24 (Figs. 7 

and 8) pivoted on stud 242 which is secured be 
tween multiplier plate 56 and guide plate 97. 
Bellcrank. 24 is urged in a clockwise direction 
by Comparatively strong spring 243 connected 
thereto and to stud 244 on plate 56, but is re 
strained by the engagement of horizontal arm 
246 thereof with roller stud 247 on rack 206. 
Upon movement of rack 206, bellcrank 24 moves 
under the influence of Spring 243 from the posi 
tion shown in Fig. 8 to that shown in Fig. 12. 
To set the plus-minus gears by movement of 

bellcrank 24, vertical arm. 248 thereof has its 
upper bent end operatively related with, but 
slightly spaced from stud 249 of arm 25 which 
is secured on shaft 58. As heretofore described, 
rocking of shaft 58 controls the position of the 
plus-minus gears. As seen in Fig. 8, arm 248 is 
spaced from stud 249 a sufficient distance to per 
mit movement of shaft 58 and arm 25 in setting 
the machine for subtraction, and also to permit a 
slight movement of arm 248. It is also seen that 
clockwise movement of bellcrank 24 serves 
through arm 248 thereof and arm 25 to rock 
shaft 58 so that plus gears 52 (Fig. 2) are meshed 
with numeral wheel gears 54. 
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To engage the clutch, vertical arm 248 (Fig. 8) 
of bellcrank 24 carries pin 256 (Figs. 8 and 9) 
which extends through multiplier plate 56 and 
engages in the slotted rear end of link 297 (Fig.9) 
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at 344 on plate 56. Live pawl 346 pivoted at 347 
On arm 343 and spring urged in a counterclock 
Wise direction by spring 348, has offset ear 349 
which in the inactive position of the part overies 
nose 35 of lever 352 and above pin 353 on arm 
343. Lever 352 is pinned on shaft 354 which is 
pivotally mounted in plate 56 and side frame 
member 36 (Fig. 2). Lever 352 (Fig. 9) has its 
lower end pivotally connected to rod 356 which 
extends forwardly of the machine and is con 
nected to lever 357 (Fig. 10) pivoted at 358 on 
plate 56 and having pin 359 positioned in front 
of latch slide 74 for multiplier keys 34. 
Upon depression of a multiplier key, the parts 

are positioned as shown in Fig. 11, the release of 
bellcrank 24 and its subsequent clockwise move 
ment (as viewed in Fig. 12) serving through pin 
34 to move arm 343 downwardly from the posi 
tion shown in Fig. 9 to that shown in Fig. 11. 
During Such downward movement of arm 343, 
pawl 346 Snaps past nose 35 of lever 352 to posi 
tion ear 349 below nose 35? as shown in Fig. 11. 
During the next to last step of movement, pin 
34 moves arm 343 upwardly from the position 
shown in Fig. 11 by virtue of the step of move 
ment of bellcrank 24 i under control of rack 206 
to effect release of the depressed key 34 and also 
to condition the machine for a one step shift of 
the carriage. Arm 343 through pin 353 and pawl 
346 rocks lever 352, and holds, lever 352 in rocked 
position until release of the parts during the last 
cycle as later described. This movement serves 
through link 356, and lever 357 (Fig. 10) to op 
erate latch slide 74 so that the depressed multi 
plier key is released. The movement of link 356 
and lever 357 also operates a safety device to pre 
Went premature disengagement of the clutch at 
the beginning of the shift cycle. To effect this 
result, a booster linkage is associated with lever 
357 (Fig. 9A) comprising short link 33 pivotally 
mounted on studg59 at the upper end of lever 357 
and having its free offset end adjustably con 
nected by slot and bolt connection 338 with longer. 
link 339 which extends rearwardly and has slot 
340 engaging pin 262. At the beginning of a 
multiplying operation, pin 262 and link 257 are 
moved to the left from the position shown in 
Fig. 9A to initiate the drive. When lever 35 is 
oscillated just at the end of the next to last cycle 
of operation, the end of slot 340 is moved into 
engagement with pin 262 to prevent the possi 
bility of the drive enabling linkage associated 
therewith returning from active position. It is 
only necessary that the booster linkage be opera 
tive slightly before and during the time the parts 
are passing through full-cycle position, i.e., while 
roller 73 (Fig. 4) is passing full-cycle depression 
4 of disc 68. 
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As Stated above such movement of arm. 352. 
and shaft 354 also conditions and enables the 
shift mechanism. For this purpose shaft 354 
(FigS. 2 and 6) has shift conditioning arm 36 
(Figs. 2 and 6) secured thereon and has a shift 
initiating arm 362 pivoted thereon. Arm 36 car 
ries pin 363 which extends thru a slot in arm 
362 and is connected by spring 364 with pin 365 
on arm 362. Arm 362 has upper hooked end 366 
positioned forwardly of shift fork 3 and in 
operative controlling relation therewith. From 
the above described arrangement, it is seen that 
rocking of shaft 354 and arm 36 during the next 
to last cycle of a multiplying operation, tensions 
spring 364 and thereby places a bias on shift ini 
tiating arm. 362 whose end 366 is urged against 
the associated shift fork 3. However, during 
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such next to last cycle of movement, the engage 
ment of teeth 22 of collar 12 with the corre 
sponding slots in gear sleeve 23 to establish a 
shift drive is prevented by the engagement of disc 
4 with full-cycle pawl 43. When the parts 

including disc 4 reach full cycle position at the 
end of such next to last cycle of the multiplying 
operation and cut-away portion 42 of disc 4 
is aligned with pawl 43, spring 364 operating 
through shift initiating arm 362 becomes effective 
to engage collar 2 with gear sleeve 23 and de 
termine a carriage shift during the last cycle of 
a multiplying operation. As described above, one 
rotation of gear sleeve 23 effects a one-half rota 
tion of shift gear 2 to perform the carriage 
shifting operation. 
As noted above, the shift or last cycle of a 

multiplying operation is utilized to complete nor 
malizing of the machine by restoring all active 
parts to neutral or inactive position. For this 
purpose, rack 206 is operated by pawl 286 during 
the shift cycle to move bellcrank 24 and effect 
such normalizing, rack 206 and bellcrank 24 
being moved away from and immediately re 
turned to the position shown in Figs. 7 and 8. 
Movement of bellcrank 24 in a counterclock 
wise direction from the position shown in Fig. 8 
serves through pin 34 to lift arm 343 (Figs. 9 
and 10) a Sufficient amount to move pawl 346 
above nose 35 of lever 352 to permit return of 
lever 352 to inactive position to relieve the bias. 
of spring 364 on the shift control mechanism. 
At the same time, pawl 346 is re-latched in the 
position shown in Fig. 9. Thus, the shift con 
trol and key release control means including lever 
352 and pawl 346 are restored to normal inactive 
position during the shift cycle. 
To effect release of the clutch, upper arm 248 

(Fig. 8) of bellcrank 24 í carries pin 374, which 
upon the counterclockwise movement of bellcrank 
24 during the shift Cycle of the multiplying op 
eration engages the adjacent beveled end of lever 
269 effecting clockwise movement thereof to lift 
pin. 268 (Figs. 9 and 12) out of notch 267 of link 
25 to permit return of link 25 and bellcrank 
258 (Fig. 9) to inactive position under the in 
fluence of spring 266. It will be recalled that 
pin 262 (Figs. 5 and 9) on bellcrank 258 is opera 
tively related with clutch control slide 8 which 
through pin 82 (Figs. 4 and 5) controls the posi 
tioning of clutch control lever 1 í (Fig. 4) and 
also contact controlling lever 87. Thus, return 
of bellcrank 258 and pin 262 to inactive position 
determines movement of clutch control lever 7 
to clutch disengaging position, as well as separa 
tion of contacts 88 and 89 to interrupt the motor 
circuit. These operations complete the normal 
izing of the machine after a multiplying opera 
tion. -- 

Interlocks 

As stated above, Various interlocks are pro- . 
vided to prevent misoperation of the machine 
during a multiplying operation, the interlocking 
of the division mechanism having been described 
in connection with bellcrank 258 having offset 
end 2 on lower arm 26 thereof which is now 
able into blocking relation with pin 278 of the 
division mechanism. As seen in Fig. 5, move 
ment of clutch control slide 8f to the left at the 
initiation of a multiplying operation moves such 
slide beneath pins 79 of plus and minus keys 25 
and 26 to prevent depression thereof. Also rock 
ing movement of lever 39 positions the upper end 
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thereof into blocking relation with pins 36 on 
shift keys 9, 20. Locking of shift key 9 also 
locks carriage return and clear key 30 which over 
lies an extension of shift key 9. Thus, the vari 
ous other operating controls are locked against 
movement upon operation of any of the multi 
plier keyS 34. 

Repeated additi?? 
If desired the multiplier mechanism can be 

controlled to operate in one order without car 
riage shifting, when, for example, repeated ad 
dition of a single item is desired when adding a 
series of items. This control may be effected by 
depression of a control key simultaneously with 
the depression of a multiplier key to disable the 
shifting function of the last cycle of operation 
and maintain the plus-minus gears in operative 
position to determine an additive registration 
during Such last cycle. 

Preferably, the plus key is utilized for this con 
trol. In this connection it will be noted that if 
the plus key is depressed at the same time as one 
of the multiplier keys, pin 79 of the plus key Will 
move into its corresponding cam slot in slide 8 
as the slide 8 moves to operative position (to 
the left in Fig. 5) under the influence of pin 262 
as described in the multiplying operation. Also, 
plus key 25 will be maintained in depressed con 
dition by slide 8 until release thereof at the end 
of the number of cycles determined by a de 
pressed multiplier key, this number being always 
one more than the value of the depressed multi 
plier key because of the extra cycle which is used 
normally to effect shifting. As the plus key is 
maintained depressed, plus-minus slide 93 is held 
in its rearward position by roller stud 9 of the 
plus key throughout the operation to maintain 
shaft 58 rocked in a counterclockwise direction 
as viewed in Fig. 5, or in a clockwise direction 
as viewed in Fig. 2 to hold plus gears 52 innesh 
with numeral wheel gears 54. . 
The above described positioning of shaft 58 is 

utilized to disable the shift control of the multi 
plier mechanism, and for this purpose shaft 58 
is provided With arm 38 (Figs. 2 and 3) which 
underlies an end of interlock lever 382 pivoted 
intermediate its ends on frame plate 383. The 
ends of lever 382 register with transverse notches. 
384 in respective shift control rods. 32. If either 
of the shift rods are moved rearwardly of the na 
chine to enable a shifting operation, the beveled 
edge of its notch 384 rocks lever 382 to prevent 
shifting of the other rod 32. Also, if shaft 58 be 
oscillated to mesh plus gears 52 with the numeral 
wheel gears, arm 38i moves lever 382 into locking 
engagement with notch 384, of the shift rod con 
trolled by spring urged shift initiating arm. 362 
of the multiplier mechanism to prevent itS opera 
tive movement. Thus, at the time in a normal 
multiplying, operation when the shift would be 
initiated, the movement of arm 362 under the in 
fluence of spring 364 is prevented and the extra 
cycle of operation is utilized for a registration. 
Thus, the plus key, when depressed simultane 

ously with a multiplier key, controls means for 
disabling the normal shift operation in the last 
cycle of the actuating means, and SuperSedes Such 
operation. With a registration. It Will be. noted 
that for such repeated addition the operator must 
always depress a multiplier key of one less value 
than the number of repeated additions desired 
to compensate for the use of the extra (shift) 
cycle as a registration cycle. 
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Carriage tabulation 

It will be recalled that the above description 
of the multiplier and tabulating mechanism was 
made with reference to its use in a multiplying 
operation, and such mechanism will now be de 
scribed in connection with a tabulating opera 
tion. Keys 34 which control the multiplying op 
eration, and which have heretofore been referred 
to as multiplier keys, also control the tabulating 
of the carriage, and in connection with this de 
scription will be referred to as tabulating keys. 
To condition the machine for a tabulating opera 
tion in either direction, one of the shift keys is 
depressed simultaneously with a tabulating key 
having a value of one less than the number of 
shift cycles desired. 
The depression of the shift key serves to dis 

able the control of tabulating or multiplier keys 
over the plus-minus gears by locking the plus 
minus slide against operation, the shift drive, the 
clutch and motor circuit being enabled by de 
pression of the shift key and being disabled at 
the end of the determined number of cycles of 
operation in the usual manner by the multiplier 
and tabulating control mechanism, that is, by 
the overstroke of rack 206 and the accompanying 
movement of bellcrank control lever 24 as pre 
viously described in connection with the multi 
plying operation. 
Each shift key carries a laterally projecting ear 

39 (Figs. 4 and 5) which in the raised position 
of the key is spaced slightly above transverse 
notch 392 in piate 393 carried by plus-minus 
slide 93. When a shift key is depressed ear 39 
moves into notch 392 to block movement of the 
plus-minus slide, and, consequently, shaft 58 
which controls the meshing of the plus-minus 
gears with the numeral wheel gears. Thus, upon 
simultaneous depression of a shift key and a tab 
ulating key, pin 249 (Fig. 8) and arm 25? on 
shaft 58 form a stop for bellcrank control lever 
24, so that the enabling function thereof with 
respect to the plus-minus gears is eliminated. 
However, control lever 24 has a limited move 
ment before striking pin 249 as seen in Fig. 7. 
This movement of lever 24 is effective through 
pin 256 (Fig. 9), link 257, bellcrank 258 and pin 
262 (Fig. 5) to prevent movement of slide 8 from 
its active position. This control through pin 82 
of the clutch control lever 7f (Fig. 4) is concur 
rent with that exerted by depression of the shift 
key. During the tabulating operation, there 
fore, the clutch is maintained in engagement and 
cam plate 39 is maintained in the position to 
which it was moved by the depressed shift key. 
The cam slots in plate 39 are Such that the 
normally inoperative or upper edge of the slot 
will overlie the depressed pin 36 to maintain the 
depressed position of the shift key. 

After. the simultaneous, depression of the se 
lected shift and tabulating keys, the operation of 
the rack 206 and associated parts is the same as 
described above in connection with a multiply 
ing operation, except when shift key 9 is de 
pressed, which determines a shifting or tabulat 
ing operation in the direction opposite to that of 
the automatic one step shift after a multiplying 
operation. However, the automatic one step 
shift control is disabled by the depression of 
shift key 9 because shift rod 32 associated 
therewith rocks interlock lever 382 to block op 
eration of the other shift rod 32 which is nor 
mally operated at the end of a multiplying oper 
ation to effect the one step shift. 
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From the above description, it will be evident 

that the operation control mechanism of the ma 
chine disclosed herein provides for a very flex 
ible. choice of operating characteristics, so that 
multiplication with or without carriage shift and 
tabulation of the carriage in either direction can 
be obtained, so well as the usual plus, minus and 
shift key controlled Operations. 
While we have shown and described a pre 

ferred embodiment of our invention, it is to be 
understood that the mechanism disclosed is ca 
pable of variation and modification without de 
parting from the spirit of our invention. We 
desire it understood therefore, that the scope of 
our invention should be limited only by the ap 
pended claims. 
We, therefore claim as our invention: 
1. In a calculating machine having ordinally 

shiftable numeral wheels and actuating, means 
therefor; multiplier mechanism for controlling 
cyclic operation of said actuating means to effect 
a multiplying operation followed by shifting of 
said numeral wheels by said cylic operation, said 
mechanism including manually operable control 
means for initiating operation thereof, and means 
including a key for disabling the shift control 
of said mechanism and for determining registra 
tion on said numerals wheels during the cyclic 
operation of said actuating means normally uti 
lized for shifting of said numeral wheels. - 

2. In a calculating machine having ordinally 
shiftable numeral wheels and cyclically operable 
actuating means therefor automatic control 
mechanism for predetermining a selected num 
ber of cycles of operation of said actuating means, 
and selectively operable control means for said 
mechanism for determining a registration on said 
numeral wheels or for determining shifting of 
said numeral wheels by said operation of said 
actuating means. 

3. In a calculating machine, ordinally shift 
able numeral wheels, actuating means therefor, 
means for shifting said numeral wheels includ 
ing a control key operable to determine shifting 
of said numeral wheels, multiplier mechanism in- i. 
cluding manually operable control means for 
predetermining a selected ... number of registra 
tions on said numeral means, and means con 
trolled by simultaneous operation of said shift 
control key and said multiplier control means for 
disabling the registration control of said multi 
plier mechanism and for determining shifting of 
said numeral wheels for a selected number. of 
ordinal spaces under control of said multiplier 
mechanism. 

4. In a calculating machine, ordinally shift 
able numeral wheels, actuating means therefor, 
means for shifting said numeral wheels includ 
ing control keys selectively operable to determine 
shifting of said numeral wheels in either direc 
tion, multiplier mechanism including a series of 
multiplier keys for initiating a multiplying oper 
atton and for selecting the number of registra 
tions on said numeral wheels in accordance with 
the value of the depressed multiplier key, and 
means controlled by simultaneous operation of 
one of said shift keys and one of said multiplier 
keys for effecting shifting of said numeral wheels 
in the direction determined by the selected shift 
control key and for the number of ordinal spaces 
determined by the selected multiplier key. 
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member operable to control one or more com 
plete cycles of movement of said clutch, means 
for controlling said control member to effect en 
gagement of said clutch for one or more cycles 
of operation thereof, and booster means associ 
ated with said controlling means and brought in 
to play during the last of said cycles for main 
taining said control member in clutch engaging 
position for an additional cycle of operation. 

6. In a calculating machine having ordinally 
shiftable reversible numeral wheels, uni-direc 
tionally operable actuating means for said nu 
meral Wheels, a clutch for operating said actu 

. ating means from a source of power, settable 
plus-minus gears between said numeral wheels 
and said actuating means for determining regis 
tration on said numeral wheels upon operation 
of said, actuating means, and shift means for ef 
fecting ordinal spacing of said numeral wheels 
with respect to said actuating means; normally 
disabled control means for said shift neans in 
cluding a normally disconnected linkage and a 
normally unbiased Spring operable through said 
linkage; a spring-urged member for engaging 
Said clutch, for setting said settable gears, and 
for enabling said control means by connecting 
said linkage; means for holding said member in 
inactive position; a series of multiplier keys; 
means controlled by operation of a multiplier key 
for rendering said holding means ineffective, and 
means for moving Said holding means to restore 
said member to ineffective position, said member 
operating to place a bias on said spring during 
restoration thereof. 

7. In a calculating machine, having ordinally 
shiftable numeral wheels, shifting mechanism 
for said numeral wheels, said shifting mechanism 
including a pair of manually operable control 
keys and means responsive to depression of said 
keys for controlling the direction of shifting 
movement and for causing one or more steps of 
movement in accordance with the depression of 
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the selected key for one or more cycles of oper 
ation of said shifting mechanism, and tabulating 
control mechanism for controlling said shifting 
mechanism including a plurality of depressible 
keys for predetermining the number of steps of 
movement of said numeral wheels by said shift 
ing mechanism in the direction selected by de 
pression of one of said first named keys. 

8. In a calculating machine having ordinally 
shiftable numeral wheels, shifting mechanism for 
said numeral wheels including a pair of control 
keys for selecting the direction of shifting move 
ment and for causing one or more steps of shift 
ing of Said numeral wheels in the selected direc 
tion in accordance with the number of cycles of - 
said shifting mechanism during which the se 
lected key is held depressed, and tabulating con 
trol mechanism including a series of depressible 
keys adapted for simultaneous depression with 
the selected one of said first named keys, said 
tabulating control mechanism including means. 
for predetermining the number of steps of move 
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5. In a calculating machine, numeral wheels, 
actuating means for said numeral wheels, a 
clutch for effecting cyclic operation of said actu 
ating means from a source of power, a control 75 

ment of said numeral wheels in the selected di 
rection in accordance with the value of the de 
pressed tabulating control key. - 

9. In a calculating machine having ordinally 
shiftable numeral wheels, actuating means for 
said numeral wheels, and shift means for effect 
ing ordinal spacing of said numeral wheels with 
respect to said actuating means; operation con 
trol mechanism including a normally disabled 
control for said shift means, said control includ 
ing a pivotal arm movable to cause operation of 



1 O 2,327,704 
said shift means, said arm having a can face 
adjacent an end thereof, a second arm for mov 
ing said first arm, a spring-urged pawl pivoted 
on said second arm and providing an inter 
ponent between said arms, said pawl being nor 
mally held in an ineffective position by engage 
ment with said end of said first arm, a key for 

initiating operation of the machine, and means 
controlled by said key for causing movement of 
said second arm to allow said pawl to move to 
effective position in engagement with said cam 

5 face between said members. 
CAR. M. F. FRDEN. 
JAMES H. GEMMEL. 


