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United States Patent Office 
1. 

3,181,786 
CALCULATING MACHINE WITH CONTROL 

OF DECMA, PLACES 
Teresio Canewari, deceased, late of Taria, Italy, by Araaita 

Gia Enot, wed Caneyari, sole heiress and legal represenir 
ative, Tirin, Italy, assignor, by mesiae assigninents, to 
Friden, Inc., San Leandro, Calif., a corporation of 
Delaware 

Contination of application Ser. No. 753,316, Aug. 5, 
1958. This application July 3, 1961, Ser. No. 123,085 

Claims priority, application Italy, Jaha. 5, 1957, 
69/57,70/57, 71/57 

18 Claims. (C. 235-66.15) 
This invention relates to printing calculating machines, 

and particularly to a printing calculating machine which, 
in addition to the usual functions of addition, subtrac 
tion, repeat operation, and total and subtotal taking, will 
also automatically multiply and divide and accumulate 
grand totals. This application is a continuing applica 
tion with respect to United States application Serial No. 
753,316, filed August 5, 1958, now abandoned, which 
was a continuation-in-part of United States applications 
Serial Nos. 701,484, 701,485 and 701,659, filed Decem 
ber 9, 1957, now abandoned, which latter three appli 
cations were filed subject to a claim for priority under 
Italian applications No. 69, 70 and 71, filed January 
5, 1957, since issued respectively as Patent 565,040, is 
sued July 8, 1957; Patent 565,041, issued July 8, 1957, 
and Patent 564,394, issued June 14, 1957. 

It is among the objects of the present invention to 
provide a calculating machine of the character indi 
cated, which will perform addition and subtraction by 
single-cycle operation of the machine; which can be 
manually set to perform repeat addition and subtrac 
tion; which is operative, in single cycles, to read out 
and print totals and subtotals; which has at least two 
accumulative registers and is capable of accumulating 
grand totals in at least one of these registers and of 
reading out and printing such grand totals by single 
cycle operations; which has a counter register, usable as 
a multiplier storage unit and as a quotient register, and 
is capable of back-transferring values from the grand 
total register to the counter register; which is capable 
of performing multiplication and division automatically; 
which is operative to enter a multiplier into the counter, 
or multiplier storage, register and read the multiplier 
out of the storage register by a shortcut multiplication 
method during multiplication; which receives the multi 
plicand in the same selection mechanism used to set 
up the multiplier; which has means for predetermining 
the number of decimal places, or orders, in the product 
and is operative to automatically discard unwanted deci 
mal places; which automatically clears discarded decimal 
places from the accumulator; which is effective to print 
the multiplier, the multiplicand and the product, but 
otherwise suppresses printing during the multiplying op 
eration; which is effective to enter a dividend into the 
primary accumulative register from the regular selec 
tion mechanism by a single-cycle addition operation and 
automatically clear the selection mechanism; which is 
operative to retain the divisor in the same selection mecha 
nism used to enter the dividend into the accumulative 
register; which is enabled, by the use of the decimal 
order selection mechanism, to tabulate the dividend to 
a predetermined decimal, or ordinal, position of the ac 
cumulator register; which has mechanism for shifting 
the primary accumulator, or dividend register, and the 
counter, or quotient, register in both transordinal direc 
tions, which has dividend aligning mechanism effective 
to ordinally step the registers in the right-hand trans 
ordinal direction until the dividend and the divisor are 
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brought into alignment for division; which has division 
programming mechanism effective to repeatedly subtract 
the divisor from the dividend, restore overdrafts, step 
the dividend register one order to the left following each 
overdraft restoration until the dividend register is brought 
to its limiting left-hand position, and accumulate the 
quotient in the quotient register; and which is operative 
to print the dividend, the divisor and the quotient, or 
dividend total, and to Suppress printing during the division 
aligning and division operations. 
A further object resides in the provision of a calculat 

ing machine of the character indicated, in which the 
product or the quotient remains in the machine after 
the corresponding multiplication or division operation 
and is not printed and cleared out of the machine until 
the total key or the division total key is operated. 
A further object resides in the provision of a calculat 

ing machine of the character indicated having a main 
drive clutch and a separate register shifting clutch and 
mechanism interconnecting the clutches to render them 
alternatively operative. 
A more generally object of the invention resides in the 

provision of an improved printing calculator having grand 
total accumulating facilities and fully automatic multi 
plication and division. 

Other objects and advantages will become apparent 
from a consideration of the following description and 
the appended claims in conjunction with the accompany 
ing drawings wherein: 

FIG. 1 is a plan view of the base showing the loca 
tion of the frames, motor, main clutch, shift clutch 
and the assembled power cam shaft; 

FIG. 2 is a right side elevational view of the machine 
with the covers removed; 

FIG. 3 is a perspective view from the upper-right 
front, showing the motor, main clutch, shift clutch, 
and the interconnecting means between the two clutches; 

FiG. 4 is a perspective view from the upper-right 
rear of the motor power slides and the interlocking slides 
for the control keys; 

FIG. 5 is an assembled front elevational view of the 
main drive shaft, showing the assembled cams and the 
main clutch; 

FiG. 6 consists of detailed left vertical views of the 
cams located on the main drive shaft showing the rela 
tive positions of the cam followers, as indicated by the 
line 6-6 of FIG. 5; 

FIG. 7 is a plan view of the value selection key 
board of the machine and the decimal point selection 
mechanism; 

FIG. 8 is a right vertical section of the value selec 
tion mechanism taken on the line 3-3 of FIG. 7; 

FIG. 9 is a perspective view from the upper-right 
front of the escapement mechanism of the selection 
mechanism; 
FIG. 10 is a rear view taken on the line 10-10 of FIG. 

9 and shows the escapement levers in their depressed 
position; 

FIG. 11 is a plan view of the restore mechanism for 
the selection carriage; 
FIG. 12 is a left vertical view taken on the line 12-12 

of FIG. 11; 
FIG. 13 is a front sectional elevational view of part of 

the restore mechanism shown in FIG. 11; 
F.G. 14 is a plan view of the sensing mechanism for 

the multiplication unit; 
FiG. 15 is a partial right side view of the mechanism 

shown in F.G. 14; 
F.G. 16 is a longitudinal left sectional view taken on 

the lines 6-6 of FIG. 1, showing the selection, actua 
tors, printing mechanism, and the accumulators of the 
machine; 
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FIG. 17 is a partial, left elevational view taken on 
the line 7-7 of FIG. 1 and shows the actuator drive 
mechanism; 

FIG. 18 is a detail in perspective from the upper-left 
front of the shift-control setting levers; 

FIG. 19 is a right elevational cross-section of the shift 
able accumulator and the storage unit, or the traveling 
registers; 

F.G. 20 is a left vertical view taken on the line 20-2) 
of FG. 1 and shows the tens-transfer control mechanism; 

FIG. 21 is a left vertical view taken on the line 21-2 
of FIG. 1 and shows the pendent aligner mechanism; 

FIG. 22 is a right side elevational view of the multi 
plier storage and traveling accumulator and the control 
of the credit balance indicator; 
FIG. 23 is a front elevational section of the main, or 

shiftable, accumulator taken on the line 23-23 of 
FIG. 22; 
FIG. 24 is a perspective view from the right-front of 

the first and last orders of the primary accumulator shown 
in FIG. 23, to show fully the structure of the “fugitive 1’ 
bails; 

FIG. 25 is a longitudinal right sectional elevation of 
the addition key and addition control mechanism; 

FIG. 26 is a longitudinal right sectional elevation of 
the Subtraction and PRINT ONLY keys and the sub 
traction control mechanisms; 

O 
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20 

F.G. 27 is a front elevational view of the total, trans- - 
fer and addition control keys taken on the line 27-27 
of FIG. 7; 
FIG. 28 is a top plan view of FIG. 27, as indicated by 

the line 28-28 of that figure, with the key tops shown 
in phantom lines to show more clearly the mechanism; 

F.G. 29 is a partial longitudinal right sectional eleva 
tion of the SUB TOTAL control key and its mechanism; 

FIG. 30 is a partial right elevational cross-section of 
the credit balance mechanism for the primary accumula 
tor; 

tion of the TOTAL key and its mechanism; 
FiG. 32 is a right elevational view of the grand total 

accumulator and its connection with the actuators; 
F.G. 33 is a partial right elevational cross-section of 

the pendent control can and mechanism involved in en 
tering positive values in the grand total accumulator; 

FIG. 34 is a similar right elevational cross-section 
showing the mechanism involved in entering a negative 
Value in the grand total accumulator; 

FiG. 35 is an oblique view from the top-front taken 
on the lines 35-35 of FIG.34; 
FIG. 36 is a partial right elevational cross-section of 

the SUB GRAND TOTAL control key and its mech 
an ISn; 

F.G. 37 is a partial right elevational cross-section of 
the GRAND TOTAL control key and its mechanism; 

FIG. 38 is a left side elevational view of the machine 
with the covers removed; 

F.G. 39 is a left side view of the multiplication termi 
nating slide; 

FIG. 40 is a top view taken on the line 40-4) of 
FIG. 39; the rear of the machine is toward the left of 
the view; 

FIG. 41 is a left vertical view taken on the line 42-4 
of FIG. 42; 
FIG. 42 is a plan view of the bail structure for auto 

matically initiating a clear-keyboard operation after divi 
sion and multiplication; 

FIG. 43 is a partial left elevational view of the latch 
ing mechanism of the TOTAL and SUB TOTAL keys 
operative during left shift for decimal point control; 

FIG. 44 is a left elevational detail of parts used for 
the control of left tabulations; 

FIG. 45 is a left elevational detail of the shift initiat 
ing linkage; 

FIG. 46 is a vertical front detail view taken on line 

FIG. 31 is a partial longitudinal right sectional eleva 
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46-46 in FIG. 44 showing part of the tabulation control 
mechanism; 

FIG. 47 is a top detail view taken on the line 47-47 
of FIG. 43; the rear of the machine is toward the left 
of the view; 
FIG. 48 is a left-hand elevational section showing the 

Zero block and print control cams and part of their mech 
anism, taken on the line 43-48 of FIG. 1; 
FG. 49 is a right elevational cross-section of the paper 

carriage; 
FiG. 50 is a right elevational detail of the platen feed 

nechanism of the carriage; 
F.G. 51 is a right elevational cross-section of the paper 

carriage and its tabulating linkage and its drive; 
FIG. 52 is a rear view of the paper carriage showing 

the tabulating mechanism; 
FIG. 53 is a right vertical detail of the tabulating rack 

taken on the line 53-53 of FIG. 52; 
FIG. 54 is a rear detail of the latch lever associated 

with the tabulating mechanism of FIG. 52; 
FIG. 55 is a left-hand elevational sectional view taken 

on the line 55-55 of FIG. 1 showing the multiplication 
keys and related mechanism; 

FIG. 56 is a detail of part of the mechanism of FIGS. 
44 and 55: 

FIG. 57 is a right elevational cross-section showing the 
Symbol mechanism employed in the machine; 

FIG. 58 is a sectional top view of the shift clutch and 
the arrangement of power for shifting the primary ac 
Cumulator; the rear of the machine is toward the left of 
the view; 
FIG. 59 is a rear elevational detail of the feed pawl 

asSociated with the primary accumulator taken on the line 
59-59 of FIG.58; 
F.G. 60 is a right vertical sectional view taken on the 

lines 60-60 of FIG.58; 
FIG. 61 is a plan view of the decimal point mechanism 

employed in the machine; 
FIG. 62 is a front vertical detail of the latch mech 

anism of the decimal point key and taken on the line 
62-62 of FIG. 61; 
FIG. 63 is a right elevational cross-section of the 

decimal point key and the excessive decimal eliminating 
mechanism; 
FIG. 64 is a left elevational cross-section showing part 

of the left-tabulation terminating mechanism taken on the 
lines 64-64 of FIG. 1; 

FIG. 65 is a left-hand elevational cross-section of the 
division control mechanism; 

FIG. 66 is a left vertical detail of part of the division 
control setting levers; 

FIG. 67 is a left vertical detail of the division aligning 
control Setting lever and mechanism employed; 

FIG. 68 is a detail in perspective from the upper-left 
front of the left shift control setting levers; 

FIGS. 69 and 70 are left vertical details of parts of the 
division control mechanism; 
FIG.71 is a left side view of the division aligning pro 

gramming mechanism; 
FIG. 72 is a view taken from the right of the same 

mechanism as in FEG.71; 
FIG. 73 is a perspective view from the upper-right 

rear of the addition and subtraction levers used in multi 
plication and division; 
FIG. 74 is a right side view of the same levers; 
FIG. 74A is left elevational detail for FIG. 71. 
FIG. 75 is a top view of the division aligning program 

unit, taken on the line 75-75 of FIG. 71; the rear of the 
machine is toward the right of the view; 
FIG. 76 is a right-hand elevational view of part of the 

division mechanism; 
FIG. 77 is a vertical front view taken on the line 77-77 

of FIG. 76; 
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FIG. 78 is a longitudinal right elevational view of the 
DIV. TOTAL key and its mechanism; 

FIG. 79 is a longitudinal right elevational view of the 
BACKTRANSFER key and its mechanism; 

FIG. 80 is a left, elevational, cross-sectional detail of 
the interlock for the BACK TRANSFER key; 

FIG. 81 is a perspective view from the upper-right-front 
of part of the multiplier readout and count-entering mech 
anism for the counter unit; 

FIG. 82 is a right sectional elevation showing the detent 
for the manual tabulation-release lever; 

FIG. 83 is a perspective view from the upper-right-front 
of one of the slide assemblies of the decimal-point control 
mechanism; 

FIGS. 84, 85 and 86 are perspective views from the 
upper-left-front of additional slides of the decimal-point 
control mechanism; 

FIG. 87 is a front vertical detail similar to FIG. 62 
showing the parts in a different operated position; 

FIG. 88 is a rear elevation showing a detail of FIG. 60; 
FIG. 89 is a perspective view from the upper-left-rear 

showing a detail of the repeat mechanism of FIGS. 11, 12 
and 13. 

FIG. 90 is a perspective view from the upper-right-front 
showing a detail of the total and subtotal controls of FIGS. 
29, 30, 31, 36 and 37. 

FIG. 91 is a perspective view from the upper-left-front 
showing a detail of the controls for setting the right shift 
pawl, and the interlock between the right and left shift 
pawls; and 

FIG. 92 is a perspective view from the upper-left-front 
showing a detail of the mechanism for controlling the 
shift clutch during multiplication. 

(1) FRAME CONSTRUCTION 
With continued reference to the drawings, and particu 

larly to FIG. 1, the main components of the machine 
frame comprise a flat base plate 100 of generally rec 
tangular shape having therein an opening 191, also of 
substantially rectangular shape, through which the fixed, 
or grand total, accumulator register of the machine is in 
serted during assembly of the machine. The frame also 
includes a number of parallel, vertical, frame plates ex 
tending perpendicularly up from the base plate 100, such 
plates including a main left-hand frame plate 102, a main 
right-hand frame plate 103, a left-hand bracket plate 104 
mounted on, and disposed to the left of, the left-hand plate 
182, left-hand and right-hand selection mechanism Sup 
porting plates 105 and 106, left-hand and right-hand print 
ing mechanism supporting plates 107 and 168, an auxiliary 
frame plate 109 between the plates 102 and 105, auxiliary 
plates 110 and 111 disposed in spaced-apart relationship 
between the rear portions of the plates 102 and 103, a 
right-hand bracket plate 112 mounted on, and disposed to 
the right of, the right-hand frame plate 103, a rear cross 
plate 113, a front cross plate E14, and a selection lever 
bracket 115 disposed between plates 105 and 106. 
The above members constitute the principal components 

of the machine frame, but a limited number of Smalier 
plates and brackets will be referred to as the description 
continues. 

(2) DRIVE MECHANISM 
Referring now to FIGS. 1 to 6, inclusive, the power 

supply mechanism of the machine comprises an electric 
motor 120 rigidly mounted on the rear portion of the base 
plate 100 and having a motor shaft 121 extending through, 
and projecting from, both ends of the motor. The motor 
speed is controlled by an electric governor mechanism 122 
in a manner well-known to the art. The motor energiza 
tion is controlled by a motor switch 123 (FIG. 2) mounted 
on the rear portion of the right-hand frame member 103 
of the machine. This switch is opened and closed by a 
very small movement of its operating lever 124, the lever 
being moved forward, as viewed in FIG. 2, to close the 
switch. The switch is electrically connected into the 
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6 
governor circuit along with suitable resistance and con 
denser components, well-known to the art, to provide the 
desired operating circuit. 
The motor shaft 121 extends through left-hand and 

right-hand bearings 125 and 126 mounted on the frame 
plates 102 and 103, respectively. This shaft carries near its 
right-hand end, a small drive gear 27 positioned between 
the plates i83 and 12, and near its left-hand end a small 
drive gear 128 positioned between the plates 102 and 104. 

Referring particularly to FIG. 3, the right-hand drive 
gear 127 of the motor shaft 2 meshes with, and drives 
the larger portion of a compound gear journalled on a stub 
shaft i34 and comprising a large gear portion 129 and a 
Small gear portion 130 concentric with the larger gear 
portion. The gear portion 130 meshes with a large gear 
131, which, in turn, meshes with a small idler, or re 
versing, gear 32 disposed at the side of the gear 131 sub 
stantially opposite the gear 130. The reversing gear 132 
meshes with a large gear 133, which is shown in phantom 
in FIG. 3, and which is journalled for free rotation on the 
right-hand end portion of the main drive shaft 135. With 
this arrangement, the gear 133 is driven from the motor 
shaft 21 at a greatly reduced speed in a clockwise direc 
tion, as seen in FGS. 2 and 3. 
A ratchet wheel 135 secured to, and concentric with, 

the gear 133 is also journalled on the main shaft 135 and 
constitutes the driving element of the main drive clutch 
of the machine. The gears 27, 129, 30, 131, 132 and 
133 are all disposed between, and supported by, the frame 
plates 103 and 112. - 
The main drive clutch is similar in construction and 

operation to the clutch described in Friden Patent No. 
2,229,889 and shown in FIGS. 4 and 5 thereof. Two 
clutch disks 137 and 138 (FIGS. 1 and 5) are mounted 
in spaced-apart relationship on, and drivingly connected to, 
the main drive shaft 135 at respectively opposite sides of . 
the clutch ratchet 136. A clutch pawl 139 (FIG. 3) is 
disposed between, and pivotally mounted on, the disks 
137 and 138 at one end of the pawl by a pivotal mount 
ing 40 and this pawl extends around a portion of the 
ratchet 136. A tension spring 42, connected between the 
free end of the pawl and the clutch disk 137, urges the 
pawl toward the ratchet 136. The pawl is provided inter 
mediate its length with a ratchet-engaging tooth 141, 
which engages with a tooth of the ratchet 136 to drivingly 
connect the gear 133 to the main drive shaft 135 when the 
pawl 139 is free to be moved by the spring 142 into en 
gagement with the ratchet 136. A transverse shoulder 
143 is provided on the outer portion of the pawl 139 near 
the free end of the pawl. A main control arm 150 for 
the main clutch is rockably mounted at its lower end on 
a fixed pivot 146 and has intermediate its length a detent 
formation 147 engageable with the pawl shoulder 43 to 
hold the pawl 139 out of engagement with the ratchet 36 
and disable the clutch. A roller 149 is carried by the arm 
150 on the roller pin, or axle, 148 (FIG. 4) and rides on 
the peripheral edge of the clutch disk 137. This disk is 
provided with a single low portion of limited angular ex 
tent in which the roller 149 rests when the main shaft of 
the machine is in full-cycle position. Thus the arm 150 
is rockable, counter-clockwise as seen in FIG. 3, for dis 
engaging detent 147 from pawl shoulder 143 for thereby 
permitting tooth 141 to engage ratchet 136 for enabling 
the clutch for starting a machine cycle. This counter 
clockwise rocking of arm i50, through a link 160 (FIG. 
2), also closes switch 423 for energizing the motor 120. 
A machine cycle consists of one full rotation of the main 
drive shaft 135. Once a machine cycle has started, the 
roller 149 (FIG. 3) rides out of the low portion and on 
to the high portion of the cam disk 1.37 and maintains the 
motor switch 23 closed until the cycle is completed so 
that the motor can stop only in the full-cycle position of 
the main drive shaft. As roller 149 drops into the low 
portion of cam disk 137 just before the end of the ma 
chine cycle, detent 47 moves into position to intercept 
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shoulder 43 of the pawl 139 for stopping it, and for 
thereby both disengaging pawl tooth 41 from ratchet 36 
and stopping the rotation of disk 37 and shaft 35. This 
position of shaft 35, in which the clutch is disabled, is 
called the “home' position, or the "full-cycle' position. 
The right-hand clutch and switch operating slide151 

(FIGS. 2 and 4) is connected at its rear end to the upper 
extension of the control arm 156 by a rigid link 152 and 
pivotal connection 53. At its front end, the slide is 
pivotally connected to the upper end of an arm 54 (FIG. 
4) projecting up from the right-hand end of a shaft 55 
which extends transverse the front portion of the machine. 
Arm 54 is adjustably clamped by a screw 154a to an 
arin 54b which is fixed to shaft 155. Intermediate its 
length, the slide 5 is provided with upward and for 
ward inclined notches 156 and 57 into which pins 53 
and 59, projecting from the stems of the PRINT ONLY 
key 304 and the subtract (-) key 393, respectively (see 
also FIG. 26), are receivable to move the slide forward 
when either one of these keys is depressed. Forward 
movement of the slide 5A will rock the main clutch con 
trol arm 5 to release the clutch dog 39 and engage 
the main drive clutch to cycle the machine. 
The link 160 (F.G. 2) is pivotally connected at its for 

ward end to the upper extension of the clutch control arm 
150, and extends rearward from this clutch control arm. 
At its rear end, this link is provided with a laterally off 
set foot 68 having therein a notch receiving the upper 
end portion of the switch control lever 124 so that when 
the link 50 is shifted forward, it closes the motor switch. 
This link is supported, near its rear end, on a pin 62 
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which is mounted on the frame plate it 3 and extends 
through a longitudinal slot in the rear end portion of the 
link 6, 

Referring to FIG. 4, an inner, left-hand clutch and 
switch-operating slide 63 is slidably supported at its rear 
end by a rod 64 extending through a notch in the rear 
end portion of the slide. At its front end, this slide is 
pivotally connected to the upper end of an arm 65, which 
also extends up from the shaft 55, and is adjustably 
clamped to an arm 65b which is rigid on the shaft. 
The slide E63 is provided with upward and rearward in 

clined notches 70 and 71 which respectively receive pins 
272 and 173 to move the slide forward. The pin 372 
projects laterally from the stem of the multiplying (=) 
key 397 of the machine, and the pin 73 projects laterally 
from the stem of the multiplier entry (X) key 306, which 
keys will be later described in detail. 
An outer, left-hand, Switch-operating slide 75 is dis 

posed parallel and to the left of the slide 53 and is Sup 
ported at its rear end by the rod 64 received in a notch 
in the rear end portion of the slide. At its front end, the 
slide E75 is pivotally connected to the upper end of a bell 
crank 176, which is also fixed to, and extends up from, 
the shaft 555. The slide 275 is provided with upward 
and forward inclined notches 77, 78 and 79 in posi 
tion to respectively receive pins 580, 81 and 82 to move 
this slide forward. The pin 80 projects laterally from 
the stem of the division (-; ) key 350 of the machine (see 
also FIG. 65), the pin 88 projects laterally from the 
stem of the ENTER DVD key 309, and the pin 182 
projects laterally from the error, or KEYBOARD 
CLEAR, key 308 of the machine. These keys will also 
be later described in detail. 

Forward movement of the slide £53 or the slide E75, 
by rocking the shaft 155, moves the side 5A forward 
and thus causes the main drive clutch of the machine 
to engage, and closes the motor switch 23, thus causing 
the machine to cycle. 
A shaft 83 extends transverse the forward portion 

of the machine above the shaft 55 and is rockably 
supported in the left-hand and right-hand side plates of 
the machine frame. An arm 84 is fixed to, and projects 
up from, the right-hand end of the shaft 83 (FIGS. 2, 4 
and 26). A pin 85 projects from the upper end of 
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the arm, 184 through an aperture in the front end por 
tion of a blocking bar 186 for the PRINT ONLY, sub 
tract. (-), and addition (--) keys 384, 303 and 302 
of the machine. The blocking bar 86 is supported by 
links 66 and 67 (FIG. 26) and this bar carries upward 
projecting abutment formations 87 and 88 (FIG. 4) 
intermediate its length, and an abutment formation. 89 
at its forward end. A pin 190 projects laterally from 
the stem of the PRINT ONLY key above the abutment 
formation 187. A pin 195 projects from the stem of 
the subtract (-) key above the abutment formation 88. 
The abutment formations 187, 88 are provided with flat 
top edges, which are movable, under the pins 90 and 191, 
to block the PRINT ONLY and subtract (-) keys when 
the blocking slide 186 is moved rearward, and the abut 
ment formation E39 is provided with a flat top edge which 
is movable under a pin 204 (FIG. 25) on the addition 
(--) key to block the addition key when the blocking 
slide is moved rearward. The abutment formations 87 
and 88 are provided with inclined upper rear corners 
so that the slide will be moved forward when either the 
PRINT ONLY or the subtraction (-) key is depressed. 
An inner left-hand blocking slide 92 (FIG. 4) is slid 
ably Supported at its rear end on the rod 164 and is 
pivotally connected at its forward end to the lower end 
of an arm 93 fixed to, and extending down from, the 
shaft 83. This blocking slide is provided with upward 
projecting abutment formations 94 and 95 which co 
operate with the key stem pins 172 and 173 of keys 307 
and 306, respectively. Each of these abutment forma 
tions has a flat top edge effective to engage under the 
associated pin and block the corresponding key when the 
slide 92 is moved rearward, and has a beveled upper 
rear corner which is engaged by the associated pin when 
the corresponding key is depressed, to move the slide 
forward. 
An outer left-hand blocking slide 96 (FIGS. 4 and 65) 

is slidably supported at its rear end on the rod 164 and 
is pivotally connected at its forward end to the lower end 
of an arm 97 mounted on, and projecting down from, 
the shaft 133. This blocking slide has upward project 
ing abutment formations 198, 199 and 200 cooperating 
with the key stem pins 18, 81 and 182, respectively, 
of the division (--) key 350, ENTER DIVD key 309 
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and the CLEAR KEYBOARD key 368. These abutment 
formations have flat top edges which move under the 
corresponding pins and block the associated keys when 
the slide is moved forward, and have beveled upper front 
corners so that the slide is moved rearward whenever 
one of the associated control keys is depressed. It will 
also be noted that each of the clutch and switch control 
ling Slides 5i, E63 and 175 is provided at the rear side 
of each of the notches therein with a flat abutment sur 
face, as indicated at 200-a, which will move under the 
associated pin, and block the corresponding key when 
the control slide is moved forward. 
As shown in FIGS. 16, 27 and 29, a yoke 826 is 

mounted on the shaft 155 for a SUB TOTAL key 315, 
and a similar individual yoke is mounted on this shaft 
F55 for each of the other total keys 313, 354, 316 and 
38 of the machine. Each of these yokes extends up 
from the shaft 155 and has an arm, such as 825, inclined 
up and forward against which a pin, such as 824, pro 
jecting from the corresponding key stem, pushes to rock 
the yoke and the shaft 55 in a counter-clockwise direc 
tion, as viewed in FIGS. 16 and 29, to thereby move the 
control slide i5: forward and establish an operating 
cycle of the machine. Each yoke, such as 826, has a 
Second, or interlock, arm, such as 825a, which will swing 
over the pin, such as 824, of the key that is depressed 
to hold the key down, or alternatively, will swing under 
the pin of a key that has not been depressed, for pre 
venting its depression. As is shown in FIG. 80, the 
BACK TRANSFER key 37 has a yoke 847, which is 
similar to yoke 826 on shaft 55, but which has only 
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an interlock arm 849 cooperating with pin 1521 on the 
stem 1520 of key 317. A slotted bracket 828 (FIG. 27) 
fixed to frame piece 817, embraces each pin, Such as 
824, for guiding it. Blocking arms, one for each of the 
five total keys and the BACK TRANSFER key 317, as 
indicated at 208 (FIGS. 16 and 27), are mounted on, 
and extend up from, the shaft 183. Each of these arms 
has a notch, as indicated at 209, arranged to receive a 
square stud 210 on the associated key stem when the arm 
is in centered position. However, when the arms are 
rocked by angular or rotational movement of the shaft 
183 either clockwise or counter-clockwise, the square stud 
210 will strike the blocking surface alongside the notch 
209, thus blocking the total keys from operation. 
The addition (--) key 302 through a pin 721 (FIGS. 

25 and 27), cooperates with a yoke member 205, similar 
to 826 shown in FIG. 16, and rocks the shaft 155 in a 
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counter-clockwise direction, as viewed in FIG. 4, when 
the addition key is depressed. This rocking of the shaft 

- 155 by depression of the addition key moves the control 
slides 151, 163 and 175 forward, but the addition key 
does not move the blocking bars 186, 192 and 196. It will 
be noted that the blocking bars 186, 192 and 196 are 
resiliently urged to their neutral, or nonblocking, posi 
tion by a spring-centering device 202 mounted on the 
frame plate 106 and engaging a pin 203 on the slide 186. 
The interconnections among the keys thus far described 

serve two purposes. First, all of these keys, except the 
BACK TRANSFER key 317, that is, the keys 302, 303, 
304,306, 307, 308, 309, 310,313, 314, 315, 316 and 318, 
are arranged to actuate the slide 151 for enabling the main 
clutch and for closing the switch 123. Second, these 
connections perform interlocking functions. Thus no 
key can be depressed after slide 151 has moved forward 
to actuate the switch and clutch, and only the BACK 
TRANSFER key 317 can be depressed without so moving 
slide 151. Also, because bars 192 and 196, connected 
to the left end of shaft 183, move rearward when bar 186 
at the right end of that shaft moves forward, no key in 
the right group (303 and 304) can be depressed simulta 
neously with any key in the left group (306, 307, 368, 309 
and 310). Further, because depression of a key in either 
of these two groups rotates the shaft 183 and tilts the 
blocking arms 208 (FIG. 16), no key in either the right 
or left group can be depressed simultaneously with a key 
in the front group, which consists of keys 302, 313, 314, 
315, 316, 317 and 318. Additional interlocks are pro 
vided between certain keys within each group. For ex 
ample, toggle 174, shown in FIG. 26, prevents the simul 
taneous depression of keys 303 and 304. Also, pin 168 
(FIGS. 29 and 31) carried by the plus key 302 cooperates 
with gaps just below it in a subtotal link 823 and the total 
link 925 to prevent simultaneous depression of the plus 
key 302 and any one of the five total keys 313, 314, 315, 
316 and 318. On the other hand, the BACK TRANSFER 
key 317 is left free to be depressed simultaneously with 
any other key in the front group, that is, with any one of 
the five total keys 313, 314, 315, 316 and 318, or with the 
plus key 302. - 

Control of the machine mechanism for different opera 
tions corresponding to the functions of the different con 
trol keys is provided in part by a series of cams mounted 
on the main drive shaft 135 of the machine. Referring 
to FIGS. 1, 5 and 6, these cams include, from left to right 
along the main drive shaft 135, a servo control cam 
215, a full-cycle position centering cam 216, a selection 
carriage restore can 217, a pendent gear train aligning 
cam 218, a zero blocking bail actuating cam 219, a print 
mechanism control cam 220, a tens-tranfer mechanism 
control cam 221, operating cams 222 and 223 for the 
actuator mechanism of the machine, a detent cam or disk 
224, a subtotal cam 225, a total cam 225, an addition and 
subtraction control cam 227, subtraction and addition 
resetting cams 228 and 229 used in the multiplication 
and division programs, a division alignment programming 

20 

25 

30 

40 

50 

60 

65 

70 

gear 230, a division programming cam 231, a motor switch 
opening cam 232 and a paper carriage tabulation con 
trol cam 233. 

Referring to FIG. 2, a lever 235 is disposed in an up 
right position, rearward of the right-hand end of the 
main drive shaft 135 and at the outer side of the right-hand 
outboard plate 112. At its upper end, this lever is con 
nected by a pivot pin 236 to the switch-operating link 
160, and is provided near its lower end with a slot 237 
extending in a direction longitudinal of the machine. A 
screw 238, carried by the frame plate 12, extends through 
the slot 237 to mount the lever on the frame plate. A 
tension spring 239 connects the upper end of the lever 
235 to the fixed pin 162 and urges the link 160 in a rear 
ward, or switch-opening, direction. A tension spring 
240, connected between the lower end of the lever 235 
and a fixed support 241 disposed forward of the lever, 
urges the lower end of the lever forward to bring an abut 
ment 242 on the lower end of the lever into engagement 
with a fixed stop member 243. A cam-engaging extension 
244 is provided on the forward edge of the lever 235 in 
alignment with the switch-opening cam 232. When the 
main drive shaft 135 is rotated, the lobe of the cam 232 
engages the extension 244 near the end of the machine 
cycle and forces the lever 235 rearward. If the link 160 
is free to move, the spring 240 will hold the lower end 
of the lever 235 against the stop 243 and the upper end 
of the lever will force the link 160 rearward to open the 
switch 123 in the event there should be any tendency for 
the switch to remain closed. If, as under certain circum 
stances to be later explained, the link 160 is not free to 
move rearward, or is moved forward while the cam lobe 
of cam 232 is in engagement with the cam-engaging ex 
tension 244, the spring 240 will yield, permitting the bot 
tom end of the lever rather than the top end of this lever, 
to move rearward. 

Referring to FIG. 3, the small drive gear 128 on the 
left-hand end of the motor shaft 121 meshes with a larger 
gear 256 of a compound gear disposed between the frame 
plates 102 and 104 and rotatably supported by these plates. 
A smaller gear 25 of the compound gear meshes with a 
large gear 252 journalled on a stub shaft 253 disposed 
transverse the machine and journalled in the frame plates 
02 and 104. A shift clutch, similar in construction to 

the main clutch, couples gear 252 to shaft 253. A clutch 
ratchet 254 is secured to the gear 252 concentric with this 
gear and is also journalled on the stub shaft 253. A clutch 
cam disk 255 (FIG. 1) is secured to the shaft 253 and 
carries a pivotally mounted clutch pawl 256. This clutch 
pawl extends partially around the clutch ratchet 254 (FIG. 
3) and is provided intermediate its length with a tooth 
257 which is engageable with the teeth of the ratchet to 
drivingly connect the gear 252 to the shaft 253. A spring 
258 resiliently urges the pawl 256 to ratchet-engaging posi 
tion and the pawl is normally held out of engagement 
with the ratchet by a control arm 259 rockably mounted 
on a pivotal support 260. The control arm 259 is pro 
vided at one end with an abutment formation 261 en 
gageable with a shoulder 262 on the outer edge of the 
clutch pawl 256 to hold the pawl out of engagement with 
the ratchet 254 and thus disengage the clutch. When 
the control arm 259 is rocked in a clockwise direction, as 
viewed in FIG. 3, it releases the clutch pawl 256 and the 
pawl then drivingly connects the motor-driven gear 252 
to the shaft 253. As shown in FIGS. 45 and 55, a re 
siliently compressive strut 263 is pivotally connected at 
its upper end to the outer end of an arm 264 mounted on 
the left-hand end of a bail shaft 265 and rockable with 
the associated bail 266, the function of which will be later 
described. 
At its lower end, the strut 263 is provided with a yoke 

formation 267 (FIG. 3) which straddles a pin 268 pro 
jecting from the shift clutch control arm 259 so that, 
When the strut 263 is forced down, it rocks the arm 259 
clockwise to engage the shift clutch. The clutch control 
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arm 259 has a second arm 269 extending down from the 
pivotal mounting 260. A spring 270, connected to the 
lower end of this second arm, resiliently holds the control 
arm 259 into engagement with pawl shoulder 262. 
A shaft 275 extends transverse the machine forward of 

the motor 12) and carries at its left-hand end an up ex 
tending lever arm 276. A pin 277 projects from the 
upper end of the arm 276 through an elongate aperture 
278 in the lower end portion of the control lever arm 269. 
A second, or auxiliary, control arm or bail 27; for the 
main clutch (FIG. 3) is rockably mounted on the pivot 
screw 146. The right leg 272a of bail 27 lies against 
the right side of the main control arm 50 and has an 
abutment, alongside of and similar to, abutment 47 on 
arm 156, engageable with shoulder 43 on the main drive 
clutch pawl 139 for disabling the main clutch and stop 
ping the main drive shaft 135. Leg 275a also carries a 
roller (not shown), similar to roller 49 on arm 159, 
that rides on the periphery of the right clutch disk 138 
(FIGS. 1 and 5). Disk 38, like disk A37, has a single 
low portion that permits arm 280 to move, clockwise in 
FIG. 3, into pawl-intercepting position only when shaft 
135 is in its home position. The left leg 286 of bail 271 
carries a pin 2097 (see also FIGS. 71 and 72) through 
which the bail 271 can be actuated. Leg 289 extends 
down from the pivotal mounting 46 and a rearward 
directed link 281 is pivotally connected at one end to the 
lower end of the leg 286. At its other, or rearward, end 
the link 281 is pivotally connected to the upper end of 
an arm. 282, which is fixed to the right-hand end of the 
shaft 275 and extends up from this shaft. - 
The arrangement of the above-described connection be 

tween the shift clutch and the main drive clutch of the 
machine is such that whenever the shift clutch is engaged, 
the main drive clutch is automatically disengaged and, : 
whenever the main drive clutch is engaged, the shift clutch 
is automatically disengaged. The functioning of this 
alternate engagement of the shift clutch and the main 
drive clutch will become further apparent as the descrip 
tion proceeds, and particularly in connection with the 
multiplication and division operations of the machine. 
Of course, since the connection between the clutches con 
trols only the auxiliary control bail 271 of the main 
drive clutch, it is possible for both clutches to be disen 
gaged at the same time, the shift clutch being disengaged 
by its control arm. 259, and the main drive clutch being 
disengaged by its main control arm 150, but with the 
auxiliary control leg 280 in its clutch-engaging position 
relative to the main drive clutch. 
A dual bevel gear arrangement 283 (FIG. 3) comprises 

a large bevel gear 283a and a smaller bevel gear 283b 
fixed to the right-hand end of stub shaft 253. Two shafts 

. .284 and 286 are disposed at an angle of substantially 90 
apart and are driven by the bevel gear arrangement 283. 
The carriage return drive shaft 284 (see also FIG. 51) 
extends up from the inner end of the stub shaft 253 and 
carries at its lower end a bevel gear 285 which meshes 
with the bevel gear 283a to drive the carriage return shaft. 
The register shifting shaft 286 (see also FiGS. 58, 59 
and 60) extends rearward from the inner end of the shaft 
253. This shaft carries at its front end a bevel gear 237, 
which meshes with the bevel gear 283b to drive the reg 
ister carriage shifting mechanism, to be later described. 

(3) ENTRY INPUT MECHANISM 
The machine has a ten-key keyboard, including nine 

digit keys 300 (FIG. 7) arranged in a 3 x 3 square forma 
tion and consecutively numbered from '1' to "9,' inclu 
sive. A “0” key 305 is disposed to the left of, and a 
decimal point insertion key 1657 to the rear of, the group 
of nine digit keys. The control keys of the machine are 
arranged at the right-hand and left-hand sides of, and in 
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front of, the group of digit keys 300. To the right of 
the digit keys, there is disposed the addition or (--) key 
302, the subtraction or (-) key 303 and the PRINT 

2 
ONLY key 304. To the right of these control keys, there 
is a manually movable lever 305 which controls the entry 
of values into the grand total accumulator, and which 
will be described in detail later. To the left of the digit 
keys 388 and immediately to the rear of the “0” key 
301, there is a multiplier entry or (X) key 306 and a 
multiplication or, (=), key 307. To the left of this 
group of keys, there is the CLEAR KEYBOARD, or 
error key 308, the ENTER DIVD key 369 and the divi 
sion, or (-;-), key 310. To the left of this last-mentioned 
group of keys, there is a manually swingable lever 31 
which controls the repeat operation of the addition key 
362 and the subtraction key 303. To the left and rear 
ward of the lever 311, there is a manually operable divi 
sion stop lever 312. 
Two rows of control keys are disposed in front of the 

group of digit keys 300, and the row nearest the digit 
keys includes the SUB GRAND TOTAL key 313, the 
DIV. TOTAL key 314 and the SUB TOTAL key 315. 
The front row, which is the row farthest from the group 
of digit keys, includes the GRAND TOTAL key 3:16, 
the BACK TRANSFER key 317 and the TOTAL key 
38. 

Referring now to FIGS. 7, 8 and 9, each of the digit 
keys 360 is provided with a fiat stem, as indicated at 320, 
slidably mounted for vertical movements in the upper 
and lower frame plates 321 and 322 of the keyboard 
frame. 
A shiftable selection unit, generally indicated at 323, 

is disposed immediately below, and rearward of, the key 
board frame. The construction and operation of the 
selection unit 323 and the digit keys 300 are similar to 
those of the selection unit shown and described in greater 
detail in Friden Patent No. 2,371,752, and particularly 
in connection with FIGS. 9, 10, 11, 13, 15 to 22, and 25 
of that patent. The selection unit 323 comprises a car 
riage frame having right-hand and left-hand end plates 
319 (FIG. 16) and 324 (FIG. 8), and a pin box having 
spaced-apart and parallel plates 325 and 326 extending 
between, and secured to, the end plates at the front side 
of the carriage. The carriage frame is slidably supported 
for movement transordinal of the machine by an upper 
rail 327 and a lower rail 328. These rails are fixed to 
the machine frame in spaced-apart and parallel relation 
ship to each other. The end plates of the selection unit 
carry sleeves, as indicated at 329, which slidably receive 
the upper rail. 
A selection sector shaft 330 (FIG. 8) extends between, 

and is secured at its ends to the end plates of the carriage 
frame, rearward of a pin-box plate 325. Thirteen ordi 
nally arranged selection sectors 335 are rockably mounted 
on the shaft 338 in side-by-side relation. Each selection 
sector comprises an arcuate dial portion 332 supported 
on the hub portion 333 by spokes 334 and 335 and an 
arcuate gear, or rack portion 336 supported on the hub 
portion by a spoke structure 337. The rack portion car 
ries a series of rearward facing gear teeth 338 and has at 
its lower end a forward directed extension 339. Each 
selection sector is resiliently urged to rock in a clock 
wise direction, as viewed in FIG. 8, by an individual 
tension spring 340 and is releasably held against being 
rocked by its associated spring by an ordinal zero latch 
lever 341. The zero latch levers 34E are rockably 
mounted intermediate their length on a common trans 
verse shaft 342 disposed between the pin-box plates 325 
and 326. Each lever projects at its forward end through 
an aperture 344 in the front pin-box plate 326, and at 
its rear end, through an opening 343 in the rear pin-box 
plate 325. 
A live tip 345 is pivotally mounted on each selection 

sector 33 and is resiliently held against the forward 
end of the corresponding rack extension 339 by a spring 
346. Each live tip is provided at its lower end with 
a forward projecting nose formation 347 which engages 
the rear end of the coordinal zero latch lever 34 to 
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releasably hold the selection sector in "0" position against 
the force of the associated spring 340. 
A stop bar 348 (FIG. 8) extends transverse the machine 

through the group of actuator sectors to the rear of, and 
parallel to, the shaft 338. The bar is so positioned that 
when a sector is in “0” position, the upper edge of the 
spoke formation 337 abuts the under-side of this bar 
to provide a positive stop for the "0" position of the sector 
for reasons which will later appear. Engagement of the 
rear edge of the spoke 334 with the upper edge of the 
stop bar 348 provides a positive "9" stop for the selection 
sector, to which position the selection sector is turned by 
the spring 340 when the '9" key is depressed. Operation 
of the keys from “1” to “8” inclusive, is also effective 
to stop the sectors at different angular positions corre 
sponding to the value of the digit key depressed. The 
mechanism for differentially stopping or setting the selec 
tion sectors in accordance with the values '1' to '8' 
comprises ordinal rows of settable pins 355 slidably 
mounted in aligned apertures in the pin-box plates 325 
and 326. The rows of pins extend substantially vertical 
and are ordinally arranged, being equal in number to 
selection sectors 331, with one row of pins in alignment 
with each of the live tips 345. There are eight pins in 
each row, consecutively corresponding from the bottom 
to the top of the row to the digit keys from "1" to "8,” 
inclusive. When any pin is moved rearward by depres 
sion of the corresponding digit key, it provides a stop 
engageable by the nose 347 of the live tip 345 of the 
coordinal selection sector to stop the selection sector 331 
at an angular position corresponding to the value of the 
digit key, the depression of which sets the pin. The 
spacings of the pins 355 and of the '9' stop 348, with 
respect to the zero latch 34, are such that the Sector 
331 rotates, under the force of spring 340, through the 
angle of one tooth of arcuate gear 336 when the “1” 
key is depressed, two teeth for the "2' key, etc. 
A fixed plate 356 (FIG. 8) is mounted in the machine 

forward of the front ends of the pins 355 and substan 
tially parallel to the pin-box plates 325 and 326. This 
plate is provided intermediate its height with an elon 
gated slot 357 and at its lower edge with a notch 358. 
The slot 357 and notch 358 are located at the selection, 
or pin-setting, station which is in alignment with the 
first, or left-hand, order of the selection sectors when 
the shiftable selection carriage is in its home, or right 
hand, position. 
A Zero latch releasing lever 359 (FIGS. 8 and 16) 

is rockably mounted on the support bracket 15 (FIG. 1), 
forward of the notch 358 (FIG. 8) in the plate 356 
and has a rearward directed nose formation 366 disposed 
under the rear end of the zero latch lever 341 at the 
selection station. When the release lever 359 is rocked 
in a direction to raise the nose formation 360, it raises 
the forward end of the latch lever 34 at the selection 
station against the force of the latch lever restore spring 
351 and moves the rear end of the latch lever down, 
out of engagement with the nose formation 347 of the 
coordinal live tip 345, thereby freeing the corresponding 
selection sector 331 for rotational movement by its 
spring 340. 
A lever 361 (FIG. 8) is disposed immediately below 

the bottom plate 322 of the keyboard frame and is piv 
otally mounted intermediate its length on a fixed pivot 
362. The upturned front end 363 of the lever 364 bears 
against the under-side of a rod 364 (see also FIGS. 9 
and 10), which lies between the upper and lower frame 
plates of the keyboard frame and is mounted on the 
frame for vertical movement. Each of the digit key 
stems 320 has a lateral extension, as indicated at 365, 
extending over the top of the rod 364 so that this rod 
is moved down to rock the lever 35 in a counter 
clockwise direction, as viewed in FIG. 8, whenever one 
of the keys 300 is depressed. At its rear end, the lever 
361 is pivotally connected to the upper end of a link 
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366, the lower end of which is pivotally connected to 
the zero latch release lever 359 to raise the rear end of 
this lever and release the selection sector at the Selection 
station upon depression of a keyboard digit key. 
A set of bellcrank levers 367 is disposed in side-by-side 

relationship below the keyboard frame 322 and are rock 
ably mounted at their rear ends on a fixed pivot 368. The 
levers 367 have upturned front ends disposed immediately 
below the bottom plate 322 of the keyboard frame. The 
key stems 320 have portions, as indicated at 369, which 
extend down through the plate 322 in opposition, respec 
tively, to the upturned ends of the corresponding levers 
367. Each of the levers 367 is provided with a down 
ward extension terminated in a finger portion 370 extend 
ing through the slot 357 in the plate 356 in opposition 
to the front ends of the corresponding pins 355. The 
arrangement is such that when the “1” key is depressed, 
it moves the lowermost finger 370 to set the bottom pin 
355. When the '2' key is depressed, it moves the second 
finger from the bottom to set the second pin from the 
bottom, and similarly for the other pins, the '8' key 
moving the topmost finger to set the top pin of the 
corresponding row of pins 355. 
A bracket 371 (FIG. 8) secured on the plate 115 (FIG. 

1) is disposed forward of, and substantially parallel to, 
the plate 356 and at its upper end has a fixed pivot 362 
which supports the lever 361. Tension springs 372, con 
nected between this bracket and ears 373 on the several 
levers. 367, resiliently retract these levers to their nor 
mal, or home, position, as shown in FIG. 8, and assist in 
raising the depressed keyboard keys 320 when the keys 
are released. 
When the selection carriage 323, including the pin box, 

is returned from a value-entering position to its right 
hand, home position, as will be later described, cam fin 
gers 374, shown in FEG. 16, extending from a comb 
mounted on the right-hand frame plate 166 (FIG. 1) 
of the machine, extend through slots 354 in the front end 
portions of the pins 355 and restore the set pins to their 
forward, home, or inoperative, position. 
The selection carriage 323 is resiliently urged to the 

left from its right-hand, home, position by a mechanism 
particularly illustrated in FIG. 11. This mechanism com 
prises a carriage restore lever 375 of geniculate form, 
rockably mounted at one end on a pivot pin 376 so posi 
tioned that the axis of the rocking movement of the lever 
375 is substantially perpendicular to the plane of the base 
plate of the machine. The pin 376 is carried by a bracket 
377, mounted on the forward portion of the base plate 
108 (FIG. 1) of the machine frame. The bracket 377 has 
a forward projecting arm 378 on which an ear is formed 
to hold a spring 379. The rear end of the spring con 
nects to a stud on lever 375. The spring 379 urges the 
lever to rock in a counter-clockwise direction, as viewed 
in FIG. 11. A link 380, connected between the distal, or 
rear, end of the lever 375 and the left-hand side of the 
Selection carriage 323, enables the spring 379 to urge the 
carriage to move to the left from its right-hand, home position. 
Movement of the carriage to the left is controlled by 

an escapement mechanism, particularly illustrated in 
FIGS. 9 and 10. This escapement mechanism comprises 
a toothed rack 381 mounted on the upper edge of the rear 
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pin-box plate 325 and projecting forward from this plate, 
as shown in FIG. 8. This rack preferably has a number 
of notches equal to one more than the number of orders 
of Selection Sectors 331, so that the group of selection sec 
tors can be shifted to the left to a position in which the 
right-hand sector occupies an ordinal position one step 
to the left of the selection station, which is aligned with 
the position of the left-hand sector when the selection car 
riage is in its home position. An escapement pawl 382 is 
rockably mounted near one end on an ear formation 383 
extending up from the rear edge of the lower frame plate 
322. This pawl is provided at its right-hand end with an 
up directed nose formation 384 (left-hand end in FIG. 
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10) which is normally held by a spring 394 in engage 
ment with the notches between each two adjacent teeth 
385 of the rack 38 to hold the rack against movement 
to the left. This nose formation is so shaped that the rack 
teeth will ratchet over the nose formation of the pawl 
382 when the escapement rack is moved to the right. 
An escapement control dog 386 is pivotally mounted 

at one end on an ear 387 projecting up from the lower 
frame plate 322. This dog is provided on its free, or left 
hand, end with an inclined detent ear 388 which is nor 
mally held above the rack 381 by a spring 394, but which 
can engage in the notches between each two adjacent teeth 
385 of the escapement rack 381 and temporarily hold the 
selection carriage in a half-step position in which it is 
shown in FIGS. 9 and 10. The free end of dog 386 is 
provided with a shoulder which engages a pin 390 pro 
jecting from the pawl 382 to move the free end of the 
pawl 382 down when the dog 386 is forced down. 
The rod 364, which actuates the zero-release as de 

scribed in connection with FIG. 8, is movably mounted 
on the lower frame plate 322 for vertical movement by a 
bail, including the bail arms 391 and 392 and the bail 
rod 393. 
A rod 397, disposed above the lower frame plate 322 of 

the keyboard frame, is rockably supported at its ends in 
ears 398 and 387 projecting up from the front and rear 
edges of the lower frame plate 322. The dog 386 is fixed 
to the rear end of the rod 397, and a bellcrank lever 400 
is fixed to the front end of this shaft. 
A re-enforcing rod 401 extends between, and is fixed 

to, the dog 386 and an arm 402 of the bellcrank 400 to 
ensure that the dog 386 will rock with the rod 397. An 
arm 403 extends to the left from the lower end of the 
Second arm 404 of the bellcrank 400. The arm 403 is 
provided at its left-hand end with a fork which receives 
the rod 364 so that the rod 397 will be rocked through 
the bellcrank lever 400 when the shaft 364 is forced down. 
Rocking of the rod 397 by the depression of a digit key, 
rocks the dog 386 to step the selection carriage to the left. 
First, the ear 388 moves into the inter-tooth space just 
below it. Then the dog 386 engages pin 390 to depress 
pawl 382 and withdraw nose 384 from engagement with 
the rack teeth. The rack then moves a half-step to the 
left (right in FIG. 10) and stops against ear 388 to 
leave the parts in the position shown in FIG. 10. When 
the digit key is released, dog 386 and pawl 382 rise. Be 
cause of the half-step, nose 384 cannot re-enter the notch 
it has just released, and stops against the lower face of the 
tooth to the right (left in FIG. 10). As ear 388 rises, 
its inclined surface lets the rack be moved to the left 
by spring 379 (FIG. 11) until nose 384 slips into the next 
notch. Accordingly, the selection carriage 323 has been 
moved one step to the left to bring the next sector 33 in 
alignment with the tips of levers 367 and 359 at the selec 
tion station (FIG. 8). 
When the machine is cycled after a value has been 

entered into the selection mechanism, the selection mech 
anism is automatically restored to its right-hand, home, 
position by mechanism shown in FIGS. 11 and 12, and 
the selection sectors are restored to their zero condition 
by transmission mechanism to be later described. 
As shown in FIGS. 11 and 12, a link 405 is connected 

at its forward end to the lever 375 by a pivotal connec 
tion 406 having two axes substantially at right angles to 
each other. This link extends rearward somewhat past 
the main drive shaft 135 and is provided at its rear end 
with a down extending hook formation 407. A stud 408 
projects from the restore cam 217 in a position to engage 
the hook formation 407 near the end of an operating cycle 
of the machine and shift the link 405 rearward. Cam 257 
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and stud 408 are shown in their home, or full-cycle, posi 
tion in FIG. 12. This rearward movement of the link 485 
swings the lever 375 in a clockwise direction, as shown 
in FIG. 11, against the force of spring 379 and moves 
the selection carriage 323 back to its right-hand, home, 75 

6 
position. Actually, the carriage is moved one step be 
yond its normal home position in order to restore the 
left-hand row of set pins 355 and is then released for a 
one-order movement to the left to bring its left-hand order 
to the selection station with the pins free to be set by the 
keyboard mechanism. The carriage is latched in this 
first order setting position by the escapement mechanism 
described above. 
As mentioned previously, the manually operable lever 

31 (FIGS. 7 and 12) is effective to condition the ma 
chine for repeat operation when this lever is manually 
moved to a predetermined position. As shown in FIG. 
12, the lever has a substantially upright, flat stem 410 
mounted intermediate its length on a fixed pivot 411 and 
is provided at its bottom end with two detent notches 
of inverted V-shape. A detent arm 4:2 is rockably 
mounted on a fixed pivot 413 carried by the machine 
frame 509 (FIG. 1) and carries, at its free end, a pin 
414 resiliently urged into the detent notches in the lower 
end of the lever stem 49 by a spring 415. 

in one detented position of the lever 311, the selection 
imechanism will be restored to its zero condition and home 
position at the end of each operating cycle of the machine, 
while in the other position of this lever, the position shown 
in FIG. 12, the selection mechanism will remain in its 
leftward displaced position and with the selection value 
therein at the end of an operating cycle so that this same 
value can be repeatedly entered into the accumulator of 
the machine. - 
A lever 416 is rockably mounted intermediate its length 

on a fixed pivot 417 and has its forward end positioned 
below a pin 418 carried by the lever 410 below the pivotal 
mounting 4 of this lever, the arrangement being such 
that when the lever is rocked to its rear, or “repeat" 
position, the forward end of the lever 416 is forced down 
by pin 458 and the rear end of this lever is raised. The 
rear end of the lever 46 rests under the outer end of one 
arm 419 of a bellcrank lever 420 (FIGS. 13 and 89) 
rockably mounted on a bracket 421 for rocking move 
ment about an axis extending longitudinal of the machine. 
A shaft 422 extends transverse the machine adjacent the 
bracket 42; and is mounted for longitudinal sliding move 
ment in the frame plates 109 and 108 (FIG. 1) of the 
machine. This shaft carries a pair of guide disks 423 and 
424 disposed at respectively opposite sides of the link 
405 and is resiliently urged ot its right-hand home posi 
tion by a compression spring 425. When the shaft 422 
is in its some position, the link 405 is so positioned that 
its hook formation 407 is in the path of the stud 4.08 
on the cam 257. A collar 426 is mounted on the shaft 
422 and engaged by a second arm 427 of the bellcrank 
lever 429. When the bellcrank lever is rocked by the 
lever 46, as described above, the shaft 422 is moved 
tot he left against the force of spring 425 and the hook 
formation of the link 405 is thereby moved out of the 
path of the stud 468 so that the selection carriage will not 
be restored to its home position during the machine oper 
ating cycle. 
The bellcrank lever 420 (FIG. 13) is pivotally con 

nected to the upper end of a link 436 (FIG. 12) and moves 
this link down when the bellcrank lever is rocked to 
move the hook formation 407 of the link 405 out of the 
path of the carriage restore stud 408. At its lower end, 
the link 430 is pivotally connected to the rear end of an 
arm 431 of a bail 1764 (FIGS. 12 and 89) pivotally 
mounted intermediate its length on a fixed pivotal Sup 
port 432. The forward arm 765 of bail 1764 carries a 
laterally projecting stud 433 engaged in a slot in the 
lower end portion of the left-hand side flange 434 of a 
Zero latch disabling bail 435. This bail extends across 
the space occupied by the selection sector unit when this 
unit is in its limiting, left-hand, position and is rockably 
mounted at its upper end on a transverse rod 436. The 
lower end of the bail 435 is rocked rearward when the 
link 430 is moved down, as described above, and a rear 
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ward directed flange, or ledge, 437 extends across the 
bottom edge of the bail. When the bottom end of the 
bail 435 is moved rearward, the flange 437 engages and 
overlies the forward ends of the zero latch levers 345 
(FIG. 8), which have been moved to the left of the selec 
tion station. Then with each latch 345 blocked by flange 
437, its coordinal live point 345 cannot slip past it into 
the “0” position shown in FIG. 8. Furthermore, this 
action of the bail flange 437 will not release any sectors 
that carry zero values. Under these conditions, after a 
value has been read out of the differentially set selection 
sectors to the left of the selection station, the sectors 
will return to their set position and will not be zeroized, 
as is the case in nonrepeat operations. 

Depression of the '0' key 301 causes the selection 
carriage 323 to step ordinally to the left but does not 
release any of the zero latches 34 or set any of the 
pins 355. The “0” key has a flat stem 448 (FIG. 55) 
mounted for vertical movement on the frame plate 565 
(FIG. 1). This stem carries a laterally projecting pin 
441 engaged in a notch in the free, or distal, end of an 
arm 442 (FIG. 9). At its other end, the arm 442 is 
mounted on the left-hand end of a shaft 443, which ex 
tends transverse the machine forward of the entry input 
mechanism (see also FIGS. 16, 27 and 28). An arm 444 is 
mounted on the right-hand end of the shaft 443 and bears 
at its free, or rear, end on the arm 402 of the bellcrank 
lever 44 to rock this lever in a counter-clockwise direc 
tion, as viewed in FEG. 9, and thereby move the free 
end of the escapement dog 386 down to operate the es 
capement and step the carriage one order to the left each 
time the “0” key is depressed and released. 

(4) ACTUATING MECHANISM 
The actuating mechanism of the present calculator is 

similar to that shown and described in Chall Patent No. 
2,832,530, issued April 29, 1958, and shown particularly 
in FGS. 9, 10 and 11 thereof. The actuating mechanism 
comprises a group of actuating sectors, or gears, 450 
(FIGS. 16 and 21) mounted in ordinal arrangement for 
free rocking movements on an actuator gear shaft 451. 
The shaft 451 extends transverse the machine between 
the frame plates 107 and 163 (F.G. 1) and is rigidly 
mounted at its ends in these plates. The number of actu 
ator sectors 450 for handling values is equal to the num 
ber of selection sectors 331 plus one. In addition, an 
extreme right-hand sector 450' is of less angular extent 
than the remaining sectors (see FIG. 57) and is used to 
operate the symbol printing mechanism of the machine, 
as will be later described. 
Each actuating sector is provided with an opening 452 

of arcuate shape spaced forward from the shaft 45i. 
These openings are in registry with each other when the 
sectors are in their full-cycle, or home, position, as shown 
in FIG. 16. A bail rod 453 extends through the openings 
452 of the several actuating sectors and is Supported at 
its ends on the shaft 451 by bail legs, which restrict the 
movements of the rod 453 to an arcuate path about the 
axis of the shaft 451. 
The left-hand bail leg 454, as shown in FIG. 17, is fas 

tened to the left-hand end of the actuator shaft 451 by a 
screw 456, which also fastens an arcuate-shaped actuating 
member 449 to the shaft 451. The actuating member 
449 has teeth 457 on its forward end in engagement with 
teeth 467 of a yoke, or loop, 462. The actuating member 
449 has an extension 458 projecting up from the pivot 
screw 456 and carrying at its upper end a laterally pro 
jecting pin 459 engageable in a notch 468 near the front 
end of a reciprocable link 461, the purpose of which will 
be later explained in connection with FIGS. 51 and 55 
and the description of the multiplication and division op 
eration of the machine. The right bail leg, not illus 
trated, may comprise a simple link connecting the shaft 
451 to the bail rod 453. 
The yoke, or loop, 462 (FIG. 17) surrounds the actu 
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ator lead and follow cams 222 and 223 mounted on the 
main drive shaft 135 (FIGS. 1 and 6). This yoke 462 is 
supported on a fixed pivot 463 for rocking movement 
when the cams rotate with the main drive shaft. The 
yoke carries a cam following roller 464 engaging the pe 
ripheral contour of the lead cam 222, and a second can 
following roller 465 engaging the peripheral contour of 
the follow cam 223. The contours of the cams 222 and 
223 are such that from the beginning to near the middle 
of an operating cycle of the machine, the yoke is rocked 
down from its normal, or home, position (in which it is 
shown in FiG. 17) to its limiting operative position; re 
mains in its downward limiting position for an interval, 
or dwell, at the middle of the cycle so that the printing 
operation can take place, as will be later described; and 
is then rocked up during the latter portion of the cycle 
to its normal, or home, position, which it reaches some 
what before the end of the operating cycle. The upper 
portion of the loop, or yoke, 462 is provided with an up 
standing extension 466 having an arcuately-shaped rear 
edge provided with gear teeth 467 which mesh with the 
teeth 457 on the actuating member 449. With this ar 
rangement, the actuator operating bail rod 453 is rocked 
down from its home position to its limiting operating po 
sition during the first portion of an operating cycle; re 
mains for a short interval in its downward limiting posi 
tion; and is then returned up to its normal, or home, 
position during the latter portion of the same cycle. 
A pressure releasable connection (FIGS. 16, 21 and 

57) is provided between each actuator sector and the ac 
tuator operating bail rod 453. Such a connection com 
prises a bellcrank lever 468 pivotally mounted at its 
angle on the corresponding actuator gear, or sector, 450 
by a pivotal connection 469. One arm of the bellcrank 
lever extends past the front side of the bail rod 453 and 
is provided with a notch, or seat, 470 in which the bail 
rod engages when it is at the upper end of the opening 452 
in the corresponding sector. Beyond the seat 470, the 
same arm of the bellcrank lever 468 constitutes a rear 
ward curved tail portion 471, which bears against the 
bail rod 453 when the bail rod is released from the seat 
473 and moves through the opening 452. A spring 473, 
connected between the second arm of the bellcrank lever, 
or pressure latch, 468 and the corresponding actuating 
Sector, maintains the latch pressed against the bail rod 
453. The curved tail portion 47 of the latch maintains 
a downward, or counter-clockwise, pressure (FIG. 16) 
on the corresponding actuator sector even after the bail 
rod 453 has started to return from its limiting, down 
Ward, operative position. As the bail rod is returned to 
its upper position, it engages the edge of the sector at the 
upper end of the opening 452 in the sector and forces the 
Sector back to its upper, or home, position, at the same 
time, engaging in the seat 470 in the corresponding latch 
lever 468. 

front add pendent gear train, generally indicated at 
475 (FIGS. 16, 21, 32 and 57), is disposed immediately 
in front of the group of actuator gears, or sectors, 459 and 
between the actuator sectors and the selection sectors 331. 
This pendent gear train, or mechanism, comprises a cage 
having a left-hand side member 474 (FIG. 32) and a 
right-hand side member 476 (FIG. 16) connected to 
gether by a bridge formation 477. Gear shafts 478, 479 
and 486 extend between, and are mounted on, the cage 
side members in spaced-apart and parallel relationship to 
each other. The upper gear shaft 478 carries a set of 
transmission gears 481, equal in number to the full num 
ber of actuator sectors 450 and 455. Each of these gears 
meshes with a coordinal print wheel drive gear 486 ro 
tatably mounted on a fixed gear shaft 487. The ends of 
the gear shaft 478 extend out of the cage and engage in 
bearing apertures in the machine frame members 197 
and 68 (FIG. 1) to provide a mounting about which 
this whole pendent gear mechanism 475 can swing or 
rock. 
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The right-hand side member 476 of the pendent gear 
cage is extended up above the gear shaft 478 and pro 
vided at its upper end with an operating tongue 482 (FIG. 
16) extending perpendicular to the right for operatively 
swinging the pendent gear train, as will be later described 
in connection with FIGS. 25 and 26, Shaft 480 extends 
to the right to be engaged for swinging the pendent for 
the grand total-taking operation (FIG. 36). 
The intermediate gear axle 479 carries a series of 

gears 483, which series contains one gear fewer than the 
series of gears 481, since it is not necessary to have a 
gear 483 coordinal with the symbol mechanism actuator 
450’ (FIG. 57). The lower gear shaft 480 carries a 
series of gears 484 equal in number to, and coordinally 
meshing with, the gears 483. The gears 483 (FIG. 32) 
mesh with the coordinal gears 481 and 484 so that the 
gears 481 and 484 turn in the same direction. 
At the beginning of addition, Subtraction, print only, 

keyboard clearing, multiplier entry and dividend entry op 
erations of the machine, the front add pendent mechanism 
475 is swung forward by mechanism to be later described, 
to mesh the gears 484 with the rack portions 336 of coor 
dinal Selection sectors 331. After the gears 484 have been 
meshed with the rack portions of the selection sectors, the 
actuator operating bail rod 453 is moved down, there 
by urging the actuator sectors 459 down. Those actuator 
sectors in alignment with selection sectors which have been 
set to the digits of a selection value and stepped to the 
left of the selection station, will be stopped when the 
corresponding acuator, sectors have been turned back to 
their "0" position in which they are stopped by the stop 
bar 348 (FIG. 8), as described above. Thus, each actu 
ator gear Sector 450 rotates (counter-clockwise as seen in 
FIG. 16) through an angle corresponding to a number of 
teeth equal to the value of the digit set into the coordinal 
selector sector 331. Those actuator sectors to the left of 
the left-hand selection sector 332 are held against move 
ment by a sector locking blade 485 (FIGS. 8, 16, 21 and 
32) which is mounted on, and extends to the left from, 
the selection carriage 323 and engages between adjacent 
teeth of the add pendent gears 484 which are disposed to 
the left of the left-hand selection sector. 

- Thus, at the end of the first portion of the operating 
cycle, those actuating gears, or sectors, 450, which are in 
alignment with those selection sectors 33 which have 
been stepped to the left of the selection station of the in 
put mechanism, will be differentially set to the same in 
put value which was entered into the selection sectors 
from the keyboard. The selection value will, however, 
have its lowest place in the hight-hand actuator sector, 
excluding the symbol printing sector 450' (FIG. 57), be 
cause that actuator sector is aligned with the units-order 
position of the selector 323, which is the position one step 
of the selector to the left of the selection station, and 
the one that contains the last digit entered. 

Under cerain circumstances, the gears 484 are brought 
into mesh with the drive gears 488 of a fixed or “grand 
total” accumulator 489 (FIG. 32) for entering values 
therein and retrieving grand totals therefrom (FIGS. 36 
and 37). 
A front subtract pendent gear assembly, generally in 

dicated at 490, has a cage including side members 494 
and 499 (FIGS. 16, 21, and 32) and a transverse bridge 
member 492 connecting the side members. 
rockably mounted at its upper end by pivotal mountings, 
as indicated at 493 (FIG. 16), between the cage side mem 
bers and the adjacent frame plates of the machine. A 
pair of gear axles, or shafts, 494 and 495 extend through 
the side members of the cage in spaced-apart and paral 
lel relationship to each other and carry sets of gears 496 
and 497, respectively. The gears 496 are constantly in 
mesh with the coordinal actuator sectors 450. Shaft 495 
extends to the right to permit the gears 497 to be moved 
into mesh with the accumulator drive gears 488 (FIG. 
32) for certain operations to be described later, as for 
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example, in connection with grand-total taking (FIG. 36). 
The subtract pendent has two sets of gears 496 and 497. 
as compared with the three sets 48, 4.83 and 484 of the 
add pendent 475 so that it drives the accumulator gears 
483 in the opposite direction. . 
The machine has a shiftable, or primary, accumulator 

unit, generally indicated at 585 (FIGS. 16, 19 and 79), 
disposed to the rear of the actuator sectors 450. This 
unit comprises a carriage frame, including left-hand and 
right-hand end plates 596 and 507 (see also FIG. 23) 
rigidly held in spaced-apart and parallel relationship to 
each other by elements extending between, and fastened 
to, the end plates. This accumulator carriage is slidably 
mounted on upper and lower guide rails 508 and 509 ex 
tending between, and fastened to, the frame plates 10 
and 83 (FIG. 1), and carries the primary accumulator 
585 and a multiplier storage unit, or counter register, 
generally indicated at 510. 
A rear add pendent gear mechanism, generally indi 

cated at 52 (FIGS. 16, 19 and 21), and similar to the 
front add pendent 475, is provided between the actuator 
sectors 459 and the drive gears 553 of the primary ac 
cumulator 585. This add pendent gear mechanism has 
a cage, including left-hand and right-hand side members 
5 and 514, and a bridge structure 55 extending between 
the side members. 
Gear shafts 516, 517 and 528 extend between, and are 

mounted in, the cage side members in spaced-apart and 
parallel relationship to each other and the cage is pivotally 
supported by the projecting end portions of the shaft 56. 
A set of gears 519 is mounted on the shaft 516 and these 
gears are ordinarily in mesh with the actuator Sectors 
450. A set of gears 520 are mounted on the shaft 587 
and are ordinally in mesh with the gears 519, and a set of 
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gears 521 are rotatably mounted on the shaft 528 and are 
ordinally in mesh with the gears 520. 
The assembly is swingable about the axis of shaft 55 

to move the gears 521 into, and out of, mesh with the ac 
cumulator drive gears 53 during particular operations 
of the machine, as will be later described. An arm 522 
(FIG. 16) is fixed to the right side member 54 and ex 
tends up from the shaft 516. An actuating tongue, or 
bail, 523 extends perpendicular to the right from the upper 
end of this arm for swinging the add pendent gear mech 
anism 512, by mechanism to be later described (FIG. 25). 
A hook arm 524 (FIGS. 16 and 21) of geniculate form 
extends first down from the rear end of the left-hand side 
511 of the add pendent cage at the left-hand end of the 
shaft 528, and then forward below the add pendent gear 
mechanism 512. A laterally projecting hook formation 
525 is provided at the forward end of this arm for termi 
nating the automatic division operation (FIG. 65). 
A rear subtract pendent gear mechanism, generally in 

dicated at 526, is disposed above the add pendent gear 
assembly 512 and between the actuator sectors 450 and 
the accumulator drive gears 513. It is similar to the 
front. Subtract pendent 490 and this includes a cage 
pivotally mounted at its front end on fixed pivotal Sup 
ports 527 and 549 (FIGS. 16 and 21). The cage of the 
subtract pendent gear assembly 526 has left-hand and 
right-hand side members 54; and 528, respectively. A 
bridge structure 529 extends between the side members 
and holds these members in spaced-apart and parallel 
relationship to each other. 

Gear shafts 530 and 531 (FIG. 19) extend between, 
and are supported by, the side members of the gear 
cage in spaced apart and parallel relationship to each 
other. A set of gears 532 is rotatably mounted on the 
shaft 530 and are ordinally in mesh with the actuator 
sectors 450. A set of gears 533 is rotatably mounted on 
the shaft 531 and these gears are ordinally in mesh with 
the gears 532. This subtract pendent gear assembly is 
swingable about its pivotal mountings 527 and 540 to 
bring the gears 533 into mesh with the accumulator drive 
gears 513 during the latter part of an operating cycle 
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of the machine to subtractively enter a value in the ac 
cumulator 565. An arm 534 is fixed to, and extends 
down and forward from, the pivotal mounting 527. An 
operating tongue, or bail, 535 projects laterally from the 
distal end of the arm 534 and is engaged by mechanism 
to be later described (FIG. 26) for swinging the sub 
tract pendent gear assembly 526. Shaft 518 of the add 
pendent and shaft 531 of the subtract pendent extend 
to the left for engagement by the pendent aligning mech 
anism (FIG. 21), and at the right for engagement dur 
ing the read-out, or total-taking operation (FIG. 30). 
With the above-described arrangement, during an addi 

tion cycle of the machine, the front add pendent gear 
assembly 475 is swung to mesh the gears 484 with the 
teeth of the rack portions 338 of those selection sectors 
331 which have been stepped to the left of the selection 
station of the input selection mechanism. The bail rod 
453 is then moved down and those actuator Sectors 450 
to the right of the left-hand end of the series of selection 
sectors will be turned counter-clockwise as seen in FiG. 
16, until the coordinal selection sectors are returned (also 
counter-clockwise) to their '0' positions and stopped by 
the zero stop bar 348, thereby differentially setting the 
operative actuator sectors. Those actuator sectors to 
the left of the left-hand end of the series of selection 
sectors will be held in their "0" positions by the co 
ordinal add pendent gear trains and the locking blade 
485 (FIGS. 16 and 32). After the bail rod 453 has been 
moved down to its limiting operative position, it is 
momentarily stopped in this position, during which time 
the printing operation takes place, and pendent 475 is 
disengaged from selector sector gears 331. The bail 
rod 453 is then returned up to its home position, return 
ing to “0” position all of the actuator sectors which have 
been differentially set. Just before the rod 453 starts 
this return movement, the rear add pendent gear assem 
bly 5:12 is swung to mesh its gears 521 with the coordinal 
accumulator drive gears 53 so that, during the return 
movement of the differentially set actuator sectors to 
their “0” position, the value which was set into the actua 
tor sectors will be entered additively into the rear, or 
primary, accumulator 505. 
A subtraction cycle of the machine is similar in that 

the front add pendent gear assembly 475 is swung near 
the beginning of the cycle to mesh the gears 484 with 
the coordinal selection sector racks 331 and the operat 
ing rod 453 is moved down to its limiting operative posi 
tion, thereby differentially setting those actuator sectors 
which are in ordinal alignment with the selection Sectors 
which have been set and stepped to the left of the Selec 
tion station of the selection mechanism, as described 
above. However, when the rod 453 starts its upward 
movement back to its home, or normal, position, the 
rear subtract pendent gear assembly 526 is rocked to 
mesh its gears 533 with the accumulator drive gears 53. 
As the differentially set actuator sectors are restored to 
their home, or '0,’ position, the value which was set into 
these sectors from the input selection mechanism is Sub 
tractively entered into the rear accumulator 505. 

Actuator sector detent levers 536 (F.G. 16) are dis 
posed in side-by-side, ordinal arrangement immediately 
below the actuator sectors. These levers are rockably 
mounted at their angles on a shaft 537, which extends 
transverse the machine and is mounted at its ends in the 
frame plates E.67 and 108. Each lever has a forward 
directed arm provided with an upturned distal end por 
tion carrying a detenting roller 538 which engages be 
tween adjacent teeth of the coordinal actuator gear, or 
sector, 450 to releasably detent the sector in any angular 
position in which the sector comes to rest. Each of the 
arms 536 also has an arm extending down from the 
shaft 537. A spring 539, connected at one end to the 
lower end of this down projecting arm, resiliently rocks 
the detenting lever in a direction to engage the detenting 
roller 538 between the teeth of the coordinal actuator 
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sector. A bail 542 (FIG. 16) lies above the detent arms 
535 and is fixed to shaft 537. Secured to the right end 
of shaft 537 is a lever arm 543 (FIG. 31) carrying a 
cam follower roiler 544 riding on the periphery of total 
cam. 226. Secured to the left end of shaft 537 is an arm 
2335 (FIG. 20) connected by a link 1313 to a lever 1309 
that swings about shaft 487. The lower end 1323 of 
lever 309 carries a roller 1324 that rides on tens-trans 
fer cam 223. Spring 367 on lever 1305 and spring 1311 
on the upper end of lever 309 urge the rollers 544 and 
E324 against their cams. When either roller 544 (FIG. 
31) or roller 1324 (FIG. 20) is on the high part of its 
cana, bail 542 (FIG. 16) holds the levers 536 depressed 
so that detent rollers 538 are free of the actuator gear 
segments. Cam 226 prevents engagement of the rollers 
S38 with the actuator gear segments during the first part 
of the machine cycle, that is, until the actuator segments 
have completed their descent. Cam 221 prevents the 
engagement of the detent rollers with the actuator Seg 
ments during the last part of the operating cycle, and 
disengages the detents 538 just as the actuators begin 
their ascent. Consequently the detent rollers 538 are 
engaged substantially only during the printing opera 
tion. Lever 389, so controlled by cams 221 and 226, 
also actuates the print blocking mechanisms, as will be 
described later in connection with FIG. 20. 

(5) PRIMARY ACCUMULATOR 
The primary, or shiftable, accumulator 505 is shown 

in right elevational cross-section in FIG. 19. This accu 
imulator is similar to that disclosed in Chall Patent No. 
2,832,530 already referred to, and is shown particularly 
in FIGS. 16, 20 and 22 thereof. This accumulator 505 
has eft-hand and right-hand end plates 596 and 507 (see 
also FIG. 23) and has separator plates disposed between, 
and in parallel relationship to, the end plates. There 
is a separator plate 545 for each order of the accumula 
tor. Each of these plates has a rearward and upward 
directed projection 546, a downward and rearward ex 
tending projection 547 and a forward extending projec 
ion 543. Notched combs 549, 550 and 55 engage the 
projections 546, 547, and 548, respectively, to firmly hold 
the accumulator separator plates in properly spaced-apart 
and parallel relationship to each other. These plates are 
also held in properly spaced-apart relationship by other 
means, including concentric spacing washers 552 on the 
accumulator drive gears 53, concentric tens-transfer 
cains 553 on the accumulator gears 554, spacing washers 
555 on the positive tens-transfer levers 557 and similar 
washers 558 on the negative transfer levers 559. The 
accumulator carriage frame, in addition to the end plates 
56 and 597, includes a transverse plate 560 extending 
between the end piates rearward of the accumulator and 
fastened at its ends to the end plates of the carriage, and 
a transverse plate 645, also extending between, and fas 
tened at its ends, to the end plates of the carriage at the 
lower edge of the front side of the accumulator. 
The accumulator drive gears 513 are rotatably mounted 

on a drive gear shaft 56 which extends through the 
forward extensions 548 of the end and intermediate plates 
of the accumulator. A series of detenting levers 562 are 
rockably mounted, one at each end, on a shaft 563 ex 
tending through the forward extensions of the accumu 
lator plates near the comb member 551 and each of these 
levers carries at its free end a detenting roller 564 en 
gageable between adjacent teeth of the coordinal accumu 
lator drive gear 5:3. Each accumulator drive gear detent 
is resiliently urged to rock in a direction to engage its 
detenting roller between the teeth of the coordinal drive 
gear by a tension spring 565. 
The accumulator gears 554 are rotatably mounted on 

a gear shaft 565 which is disposed rearward of, and 
parallel to, the shaft 564 and is mounted at its ends in 
the carriage frame plates 586 and 507. The drive gears 
553 are constantly in mesh with the coordinal accumu 
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lator gears 554. Each accumulator gear 554 has twenty 
gear teeth so that an accumulator gear will be driven 
through an angular interval of 180°, or one-half of a 
rotation for an input of ten units. 
The positive tens-transfer levers 557 and separator 

washers 556 are mounted on a shaft 567 which extends 
transversely between the end frame plates 566 and 507 
of the accumulator. 
shape and carries, on the outer end of one of its arms, a 
three-armed live tip 568. The live tip is pivotally mount 
led on the outer end of the arm of the lever 557 and is 
resiliently held by a spring 569 in a rotational position 
determined by a stop structure 573. A spring 571, con 
nected between the second arm 572 of the bellcrank lever 
557 and the comb 550, urges the lever to rock in a clock 
wise direction, as viewed in F.G. 19. One arim 573 of 
the live tip 568 bears at its outer end against the rear 
end of a latch lever 574 to hold the bellcrank ever 557 
against being rocked by the spring 57, and another arm 
575 of lever 557 projects from the pivotal mounting of 
the live tip 568 toward the coordinal accumulator gear 
554 and carries at its distal end a shoe structure 575, 
which, when the live tip arm 573 is released froii) the latch 
lever 574 and the bellcrank lever 557 is rocked by the 
spring 571, engages a tooth of the coordinal accumulator 
gear 554 and turns the accumulator gear through one 
unit, or tooth space, of rotation. Movement of the accu 
mulator gear is limited to a single complete unit space by 
engagement of an abutment formation 577 on the bell 
crank lever 557 with a fixed stop rod 578. 

Each of the latch levers 574 is rockably mounted at its 
forward end on a latch fever shaft 589 which extends 
transverse the accumulator below the accumulator gear 
shaft 556. A spring 58 urges the latch lever 574 to a 
position in which it engages the outer end of the live tip 
arm 573 and to hold the coordinal tens-transfer lever 557 
in its inoperative position, movement of the atch lever by 
the spring 582 being limited by engagement of an abut 
ment formation 582 on the latch lever with a fixed stop 
rod 583. A live tip 584 is rockably mounted on the latch 
lever 574 intermediate the length of this lever and is 
resiliently held by a spring 585 in a rotated position rela. 
tive to the lever 574 limited by a stop formation consist 
ing of a pin 586 on live point 584 and a hole in lever 574. 
This live tip, or live point, lever 584 has an arm extend 
ing from the latch lever 574 toward the accumulator gear 
shaft 565, such arm being tipped by an abutment forma 
tio; 587. 
The tens-transfer cam 553 (FIG. 19) has diametrically 

opposed double beveled arms, or extensions, and, when 
an accumulator gear has been turned in a positive or addi 
tive direction (counter-clockwise as seen in F.G. 19) 
through ten unit spaces from one of its “0” positions, one 
end of the tens-transfer cam 533 engages the adjacent 
edge of the abutment formation 537 and rocks the latch 
lever 574 down. Downward movement of the free end 
of the latch ever releases the coordinal tens-trainsfer lever 
557 so that this ever can be rocked by the spring 574. 
The shoe formation 576 carried by the tens-transfer lever 
is offset one order up (one order to the left) from the 
order of the associated latch lever 574. So that when an 
accumulator gear in one order trips the positive tens 
transfer mechanism, the associated tens-transfer lever 
will turn the accumulator gear in the next higher order 
one unit space in a positive or additive direction. 

if the accumulator gear is turning in a negative or sub 
tractive direction (clockwise in F.G. 19) when the trans 
fer cam 553 engages the abutment formation 587, the 
live tip 584 will be rocked against the force of the spring 
585 to allow the end of the tens-transfer cam to pass 
the abutment formation, but the latch lever 574 will not 
be moved to release the associated tens-transfer lever 557. 
The negative tens-transfer mechanism is similar in all 

respects to the positive mechanism just described. A shaft 
598, disposed immediately above, and parallel to, the shaft 
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567, supports the tens-transfer levers 559 of the negative 
tens-transfer mechanism, and the levers 559 in each order 
of the mechanism carries a rockably mounted live tip 591 
rocked to a positioned determined by the stop formation 
592 by the spring 593. A spring 594, connected between 
a second arm 595 of the lever 559 and the comb 549, re 
siliently urges the lever 559 to rock in a counter-clockwise 
direction, as viewed in FIG. 19. A series of ordinal latch 
levers 596 is rockably mounted on a latch lever shaft 597 
extending transverse the accumulator above the accumul 
lator gear shaft 566 and, in each order, the rear end of a 
latch lever 596 engages the forward end of an arm 593 
of the live tip 59 to hold the coordinal tens-transfer lever 
559 against being rocked by the associated Spring 534. 
A spring 599 resiliently urges the latch lever 596 to a 

latching position in which the rear end of the latch lever 
engages the forward end of the arm 598 of the live tip 59i 
to hold the tens-transfer lever 559 in inoperative position. 
The movement of the latch lever by the spring 599 is 
limited by an abutment formation 600 on the latch lever, 
engaging a fixed stop bar 60i. 
A live tip lever 692 is rockably mounted on each nega 

tive latch lever 596 intermediate the length of the latch . 
lever, and is resiliently urged by a spring 684 to a rota 
tional position determined by a stop formation 603, the 
spring 604 being connected between the latch lever and 
and arm of the rockable lever 602. Another arm of the 
live tip lever 682 projects in toward the accumulator gear 
shaft 565 and its tipped at its inner end with an abutment 
formation 605. Whenever the coordinal accumulator 
gear 354 is turned through ten unit spaces from one of 
its "0" positions in a subtractive or negative direction 
(clockwise in FIG. 19), one end of the corresponding 
tens-transfer cam 553 engages the abutment formation 
665 and rocks the coordinal latch lever 596 out until the 
rear end of this lever releases the forward end of the 
arm 598 of the coordinal live tip 59. This releases the 
corresponding tens-transfer lever 559 for rocking move 
ment by its spring 594 about the shaft 590. An arm 606 
of the lever 591 projects in toward the coordinal accumu 
lator gear 554 and carries at its inner end a shoe 607 
which engages a tooth of an accumulator gear and rotates 
the accumulator gear one unit, or tooth, space when the 
corresponding lever 559 is rocked by the associated spring 
394 Movement of the accumulator gear is limited to one 
unit space by engagement of a shoulder 68 on the shoe, 
or detent formation, 607, with the fixed stop rod 578. The 
shoe structure 697 is offset transverse the machine in such 
a manner that it engages the accumulator gear of the 
order next above the gear carrying the tens-transfer cam, 
which moved the associated latch lever 596 to release the 
tens-transfer lever 559. When the accumulator gears are 
turning in a positive or additive direction (counter-clock 
wise in FIG. 19), the end of the tens-transfer cam 553 
engaging the abutment formation 635 carried by the 
coordinal negative latch lever, will rock the rockable lever 
602 as it passes the abutment formation and will not move 
the corresponding latch lever 596 out to release the nega 
tive tens-transfer levers 559. 
With the above-described arrangement, 10's will be 

carried from order-to-order of the accumulator from the 
lowest to the highest order required for a computation up 
to the limit of the accumulator. 

Since the tens-transfer is accomplished by tripping a 
spring-driven pawl 557 or 559 of one order for driving 
the accumulator gear wheel 554 of the next higher order 
(the next order to the left), means are provided for re 
setting those pawls. It will be apparent later that when 
a number is entered in the accumulator 505, from the 
actuator, each accumulator wheel 554 will be rotated not 
more than nine tooth spaces by the actuator. Conse 
quently, for each number so entered, each order can 
initiate not more than one tens-transfer. And since only 
one such number can be entered during each cycle of op 
eration of the machine, it will be sufficient to reset the 
tens-transfer pawls 557 and 559 only once during each 
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cycle. Also, it is necessary to prevent the transfer pawls 
557 and 555 from engaging the wheels 554 while those 
wheels are being driven by the actuator. Both of these 
control actions are accomplished by bails 650 and 62 
extending transverse the rear portion of the machine. 
The positive bail includes the bail rod 610 disposed in 
opposition to abutment formations Sii extending toward 
the bail rod from the positive tens-transfer levers SS7. 
This bail rod 669 extends through openings in the ac 
cumulator plates 505 and 367, and is rockably mounted 
at its ends on the ends of shaft 567 by bail legs 639 
(FIGS. 19 and 22). The negative bail rod 61.2 extends 
transverse the accumulator through openings in the ac 
cumulator plates and is opposed to abutment formations 
63 projecting toward the bail rod from the negative tens 
transfer levers 553. This bail rod 6.2 is mounted at its 
ends on the ends of the shaft 593 by bail legs 633. 

Referring to FIG. 20, a bellcrank lever 625 is rockably 
mounted at one end on a fixed pivotal support, such as the 
shaft 83E, and has an up extending arm 617 carrying at its 
upper end a cam following rollier Si3 engaging the edge 
of the tens-transfer cam 22, mounted on the main drive 
shaft 35 (FIGS. 1 and 6). A forward extending arm 
649 of the lever 655 is pivotally connected at its forward 
end to the upper end of a link 629, the lower end of which 
is connected to the free end of an arm 623. The crank 
arm $2 is fixed at its other end to one of the left-hand 
tens-transfer bail legs 622 of the front, secondary, or grand 
total, accumulator 439, to be later described in detail. 
A link 623 (FIG. 20) is pivotally connected at its for 

ward end to the upper end of the arm 6:7 of the geniculate 
lever 6i5 and extends rearward to a location adjacent the 
rear of the machine. At its rear end, the link 623 is 
pivotally connected to one end of an arm $24, the other 
end of which is fixed on the left-hand end of a shaft 625 
which extends transverse the lower rear portion of the 
machine and is journalled in the machine fraide for ro 
tational movement. The legs supporting the positive re 
store bail Sie are provided with downward and rearward 
inclined extensions, as indicated at 627, for the bail leg 
603 (FIGS. 20 and 22). Since the accumulator 565 must 
move left and right in the machine, on rails 583 and 569 
(see for example, FIGS. 20 and 23), and since the tens 
transfer bail rods 69 and 6:2 must be controlled at all 
positions of the accumulator, an additional bail rod 625 
(FIGS. 20 and 22) extends between, and is fixed at its 
ends to, the distal ends of the extensions 627 of the left 
and right bail legs 689. A lever arm 63; is fixed to the 
right-hand end of shaft 625, extends up and forward, and 
has a slot at its dista end embracing the bail rod 626. 
Each of the two positive tens-transfer restore bail legs 
669 is drivingly connected to the corresponding leg 633 
of the negative tens-transfer restore baii 652 by a gear 
connection 638 so that the two tens-transfer restore bails 
move simultaneously and coextensively. 
With this arrangement, when the link 623 is moved 

rearward by the high part of the tens-transfer restore cam 
221 (FIG. 20), the shaft 625 is rocked counter-clockwise, 
as seen in FIG. 20, and rocks the bail 625 to move the 
restore bails 610 and 612 against the abutments 6ii and 
613 (FIG. 19) of the tens-transfer levers 557 and 595, to 
move those levers out so they can be relatched by the 
evers 574 and 596. 

in FIGS. 6 and 20, cam 221 is shown with the follower 
roller 618 at the beginning or leading portion of the low 
part of the cam, which turns counter-clockwise as seen in 
FIG. 20. Accordingly, in this position, the link 623 is in 
its extreme forward position. However, in FIG. 20, link 
623 is shown interrupted, and its rear end (left end in this 
view), and also the lever 624 and bails 610 and 612, are 
shown in a position corresponding to a different point in 
the cycle of the machine operation. The position of the 
bail rods 636 and 652 corresponding to the low part of cam 
22 is approximately that shown in FIG. 19, with those 
bails lying about the same distance apart as the shafts 567 
and 590 about which they swing. In this position of the 
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bails, the tens-transfer pawls 557 and 559 are free to op 
erate. The low part of the cam 221 is of Sufficient angular 
extent to give the time needed for the tens-transfers to 
take place, even when the machine does not stop between 
cycles, as in multiplication and division. 

Shortly after the beginning of the cycle, the high part of 
the cam 221 comes under the roller 618, moves the link 
623 rearward, and spreads the two bail rods 610 and 612 
to their maximum separation for resetting any of the tens 
transfer pawls 557 and 559 that may have been tripped 
during the previous machine cycle. Some time after the 
middle of the machine cycle (when printing has been com 
pleted) the actuator segments 450 begin rotating clockwise, 
as seen in F.G. 19, for entering the value in the accumu 
lator. At this point, or even earlier, the intermediate por 
tion of cam 225 comes under the roller 618 for moving 
the bail rods 650 and 62 to approximately the position in 
which they are shown in the left portion of FIG. 20. In 
this position, the rods 60 and 620 permit the tens-transfer 
levers 557 and 595 (FIG. 19) sufficient movement that 
they can be released by their latch levers 574 and 596, 
but not enough freedom to permit them to move into en 
gagement with the teeth of the accumulator gear wheels 
554. 
Thus during the time that the accumulator wheels 554 

are being driven by the actuator gears 456 for the entry of 
a value into the accumulator, the latches 574 (for a posi 
tive entry, for example) can be tripped by the tens-transfer 
cams 553, but the transfer levers 557 can move only far 
enough to escape the latches 574 and not far enough to 
engage the accumulator wheels 554, which may be rotat 
ing to receive entries from the actuator. Finally, when 
the actuator has been disengaged from the accumulator, 
as will be explained later, the low part of cam 223 (FIG. 
20) comes under the roller 618 to move the bail rods 69 
and 652 toward each other into the position shown in 
FiG. 19 to let the transfer pawls 557 complete their motion 
under force of the springs 57; for effecting the tens-trans 
fer. At this point, if the tens-transfer operation causes 
one of the cams 553 to trip a transfer lever, that one will operate immediately. 
As will appear later, the tens-transfer must be com 

pleted before the end of the cycle for the proper control of 
those operations in automatic division that respond to 
the presence or absence of a negative value, or overdraft, 
in the accumulator. 
A spring 632 (FIG. 20), connected between the lever 

65 and the base plate of the machine, resiliently urges 
the lever 615 to rock in a direction to maintain the cam 
following roller 6;8 in firm engagement with the periphery 
of the cam 221. Extensions 1545 of the bail legs 633 
are connected to links 1548 for similarly controlling the 
tens-transfer mechanism of the counter, or multiplier, 
register 50, as will be explained later. 

Mechanism for inserting the “fugitive 1” by an end 
around transfer to maintain a true credit balance indica 
tion in the accumulator is shown in FIGS. 19, 23 and 24. 
A positive “fugitive 1' bail 635 (FiG. 24) extends trans 
verse the accumulator just above the shaft 580, and the 
baii is rockably mounted at its ends on the end portions 
of this shaft. At its left-hand end, this bail has a leg 636, 
similar and parallel to the positive latch levers 574 (FIG. 
19), except that it does not carry a latching abutment on 
its rearward end. It does, however, carry a rockable 
lever, or live point, 584, the abutment formation 587 of 
which is engaged by the tens-transfer cam 553 on the 
highest order (leftmost) accumulator gear 554 when this 
gear is moved from a '9' to a “0” positicin in the posi 
tive input direction (counter-clockwise in FIGS. 19 and 
24). Engagement of the highest order tens-transfer cam 
SS3 with the abutment of the rockable lever 584 on the 
bail arm 636 rocks the bail arm down in the same manner 
that the latch levers 574 are rocked down by the coordinal 
tens-transfer cams. At its right-hand end, the bail 635 
carries an arm, or bail leg, 637 which is also disposed 
parallel to the latch levers 574 and carries at its distal, or 
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rear, end an abutment formation 633 which normally 
engages the arm 573 of the four-armed lever, or live 
point, 568 mounted on the lowest order (rightmost) tens 
transfer lever 557. The “fugitive 1' bail normally main 
tains the lowest order tens-transfer lever against tens 
transfer movement, but, when the highest order accumu 
lator gear moves in the positive entry direction from "9" 
to '0' to rock the bail 635, the bail releases the lowest 
order tens-transfer lever and a “1” is entered into the 
lowest order of the accumulator. 
The negative “fugitive 1' bail 640 is similar and is dis 

posed immediately below the shaft 597 and is rockably 
mounted at its ends on the end portions of this shaft. This 
bail has at its left-hand end a rearward extending leg 
carrying the live tip, or lever, 602 which is engaged by 
the tens-transfer cam on the highest order accumulator 
gear to rock the bail when this gear moves in a negative 
direction from a “9” to a “0” position. At its right-hand 
end, the bail 640 has a rearward extending leg 639 pro 
vided with an abutment formation 629 engaging the leg 
598 of the coordinal four-armed lever, or live point, 591. 
mounted on the lowest order tens-transfer lever 559. 
When the bail is rocked by the tens-transfer cam on the 
highest order accumulator gear, the lowest order tens 
transfer lever 559 is released to carry a '1' into the lowest 
order of the accumulator. 

If the highest order gear continues to rotate in the 
same direction, either positively or negatively, until it 
has been moved through ten units spaces from a '0' 
position, a tens-transfer will be carried to the lowest 
order, giving an erroneous value of “1” in the total, which 
erroneous answer indicates that the capacity of the ma 
chine has been exceeded. However, if the highest order 
accumulator gear passes through a “0” to "9" or "9" to 
“0” position incident to a change in the direction of 
rotation of the gear, the “fugitive 1' will be carried to 
the lowest order of the accumulator and will correct 
the error which would otherwise appear when a negative 
value was read out of the accumulator in the form of a 
credit balance. 

For the purpose of reading out totals from the ac 
cumulator, the accumulator is equipped with a positive 
zero blocking bail 641 (FIGS. 19, 22 and 23) and a 
negative zero blocking bail 642. The positive zero 
blocking bail 64 is mounted at its ends on the ends of 
the shaft 580 and is movable by the totalizing mecha 
nism, to be later described, into position to block the 
formations 587 against movement so that, when the ac 
cumulator gears are turning in a clockwise, or negative, 
direction in reading out a positive total, they will be 
positively stopped when they reach their '0' positions. 
Normally, the bail 64 is clear of the abutment forma 
tions 587 so that the tens-transfer cams 553 on the 
accumulator gears can pass these abutments in the nega 
tive direction of rotation. The bail 642 is rockably 
mounted at its ends on the end portions of the shaft 597 
and is movable by the totalizing mechanism into position 
to block the abutment formations 605 so that the ac 
cumulator gears will be stopped by engagement of the 
tens-transfer cams 553 with these abutment formations 
when the accumulator gears are being turned in a counter 
clockwise, or positive, direction for reading out a nega 
tive total from the accumulator. The bail 642 is normally 
clear of the abutment formation 605 so that the ends 
of the tens-transfer cams 553 can pass these abutment 
formations when the accumulator gears are being turned 
in a positive or additive direction. 
A toothed rack member 643 (FGS. 19 and 58) is 

disposed at the rear side of the rear plate 560 of the 
frame of the shiftable accumulator 505 and is rigidly 
fastened to this plate. This rack member has a portion 
projecting to the left of the accumulator (toward the 
bottom of FiG. 58) and provided in its lower edge with . 
rack teeth by means of which the accumulator is stepped 
to the left by the accumulator shifting mechanism, to be 
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23 
later described in detail. A second rack 644 is disposed 
against the forward side of the transverse frame plate 
645 at the lower forward portion of the accumulator and 
also has a toothed portion extending to the left of the 
accumulator. This rack is provided in the upper edge 
of its left-hand portion with rack teeth (FIG. 59), by 
means of which the accumulator is stepped to the right 
by the accumulator shifting mechanism. 

(6) GRAND TOTAL ACCUMULATOR 
The front, fixed, secondary, or grand total, accumula 

tor 489 is located below, and forward of, the actuator, 
as shown in FiG. 16. A detailed cross-section appears 
in FIG. 32. This accumulator comprises a flanged base 
628 of rectangular shape, disposed within the opening 
16 (FIG. 1) in the base plate 100 and fastened to the 
base plate by bracket members, as indicated at 646 
(FiG. 32), of angular cross-sectional shape. A pair of 
end plates and a plurality of separator plates, as indi 
cated at 647, extend perpendicularly up from the ac 
cumulator base 628 and are rigidly fastened to the base 
by notched clamp bars 648 and 649 extending through 
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aligned, rectangular apertures in the plates near the 
forward and rear sides of the base. Screws, as indicated 
at 650 and 651, hold the clamp bars to the base. In 
addition to the notched clamp bars 648 and 649, the 
plates 647 are held in properly spaced-apart and parallel 
relationship by a comb 654 extending transverse the 
accumulator and engaging the upper end of the accu 
mulator plates. The front accumulator has accumulator 
wheels, tens-transfer mechanism, and the like, substan 
tially identical to those of the rear accumulator 505 
(FIG. 19). Like the rear accumulator, it has as many 
orders as the actuator, exclusive of the symbol control 
sector 450 (FIG. 57). Unlike the rear accumulator, 
this front accumulator 489 is fixed in position. Each of 
its orders is aligned with one of those of the actuator, 
for the entry and retrieval of values. A shaft 652 for 
the accumulator drive gears 488 extends through upper, 
reduced width portions 653 of the accumulator plates 
and the drive gears are journalled on this shaft in side 
by-side, ordinal arrangement and are maintained in posi 
tion along the shaft by suitable spacing washers 659. A 
detent shaft 655 is mounted in the accumulator plates 
adjacent, and parallel to, the comb 654, and a plurality 
of detent arms, or levers, 656 are rockably mounted on 
the shaft. 655. There is a detent lever 656 for each 
drive gear 488 and each lever carries at its outer, or 
distal, end, a detent pin, or roller, 657 urged into engage 
ment between two adjacent teeth of the coordinal drive 
gear 488 by a spring 658 connected between the corre 
sponding detent lever 656 and the comb 654. 
An accumulator gear shaft 669 extends through the 

accumulator end and separator plates in spaced and 
parallel relationship to the shaft 652. A plurality of 
twenty-tooth accumulator gears 661 are journalled, in 
ordinal arrangement, on the shaft 660 and each of these 
gears carries a double-ended tens-transfer cam 662. Each 
accumulator gear thus has two "0" positions correspond 
ing to the diametrically opposite end portions of its 
tens-transfer cam 662. 
A pair of shafts 663 and 664 extend through the lower 

portions of the accumulator plates in spaced-apart and 
parallel relationship to each other. A plurality of posi 
tive tens-transfer levers 665 is mounted in ordinal ar 
rangement on the shaft 663 and held in properly spaced 
parallel relationship by concentric spacing washers 666. 
Each of the positive tens-transfer levers 665 is of bell 
crank-shape and carries at the outer end of one of its 
arms a pivotally mounted four-armed lever, or live tip, 
667 urged by a spring 668 in one rotational direction to 
a position determined by a stop structure 669. 
A plurality of negative tens-transfer levers 67, is 

mounted in ordinal, side-by-side relationship on the shaft 
664. Each of these levers 671 is of bellcrank-shape and 
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carries, at the outer end of one of its arms, a pivotally 
mounted four-armed lever, or live tip, 672 urged by a 
spring 673 to turn in one direction to a position deter 
mined by a stop structure 674. Each four-armed lever 
672 has an upward and rearward directed arm 675. 

Shafts 677 and 678 extend in spaced-apart and parallel 
relationship to each other through the upper front and 
rear corner portions of the accumulator plates. A plu 
rality of latch levers 679 are mounted in ordinal arrange 
ment on the shaft 677. These levers are rockably 
mounted at their upper ends on the shaft 677 and are 
held in properly spaced and parallel relationship to each 
other and to the accumulator frame plates by spacing 
washers 680 disposed concentric of the shaft 677. Each 
latch lever 679 carries intermediate its length a rockably 
mounted live tip lever, or pawl, 681 resiliently urged by 
a spring 682 to a rotational position determined by a 
stop pin 683. Each lever 631 is provided at its inner end 
with an abutment formation 684 engageable by the ends 
of the coordinal tens-transfer cam 662. A spring 685, 
connected one between each latch lever 679 and a fixed 
tie rod 686, resiliently urges the associated latch lever to 
a position in which an abutment formation 687 on the 
latch lever engages a fixed stop rod 688, which position 
constitutes the normal, or latching, position of the latch 
lever. At its free, or lower, end, the latch lever carries 
an abutment formation 689 which is engaged by the up 
per end of the coordinal lever arm 670 to latch the as 
Sociated tens-transfer lever 665 in its inoperative position. 

Each transfer lever 665 is resiliently urged to turn in 
a clockwise direction, as viewed in FIG. 32, by a tension 
spring 690, and each of the four-armed levers 667 in 
cludes an arm 69; directed inward from the pivotal 
mounting of the lever 667 on the lever 665. At its inner 
end, each arm 691 carries a shoe 692 which is engageable 
with a tooth of an accumulator gear 665 to rotate the 
accumulator gear one unit space in the positive or addi 
tive direction when the tens-transfer lever is rocked by its 
spring 690. The lever arm 695 is offset so that the shoe 
formation 692 engages a tooth of the accumulator gear 
of the order next above the order of the gear carrying 
the tens-transfer can which actuates the associated latch 
lever 679. 
When an accumulator gear 665 has been turned in a 

positive or additive direction (counter-clockwise in FIG. 
32) through ten unit spaces from one of its “0” posi 
tions, one end of the associated tens-transfer cam 662 
engages the abutment formation 684 and rocks the as 
sociated latch lever 679 outward to release the detent 
formation 689 of this latch lever from the arm 670 of the 
coordinal four-armed lever 667. This frees the tens 
transfer lever 665 to be rocked by its spring 699 to move 
the accumulator gear of the next higher order one unit 
space in the positive or additive direction. The move 
ment of the accumulator gear is limited to one unit space 
by the engagement of a shoulder 693 on the shoe member 
692 with a fixed stop rod 694. 
The stop structure 683 is so arranged that when the 

accumulator gears rotating in the positive or additive di 
rection and one end of a tens-transfer cam 662 engages 
the abutment formation 684 on the coordinal live tip 
lever 68, the associated latch lever 679 will be rocked 
outward to release the coordinal tens-transfer lever 665. 
However, when the gears are turning in the negative or 
Subtractive direction, if an abutment formation 684 is en 
gaged by one end of the coordinal tens-transfer cam, the 
live point lever 681 will be rocked against the force of its 
Spring 682 and the end of the tens-transfer cam will pass 
by the abutment formation 684 without rocking the latch 
ever 679 outward. 
The negative tens-transfer levers 67 are urged to rock 

by springs, as indicated at 695, and are releasably held 
against being rocked by these springs by coordinal latch 
levers 696 mounted in ordinal arrangement on the shaft 
678. Each four-armed lever 572 of the negative tens 
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transfer mechanism has an arm 697 extending toward the 
coordinal accumulator gear and provided at its inner end 
with a shouldered shoe, or finger, 698 which engages a 
tooth of the gear of the next higher order, and turns the 
gear when the corresponding tens-transfer lever 671 is 
rocked. This lever is stopped by engagement of the 
shoulder of the shoe 693 with the stop rod 694. Each of 
the negative latch levers 696 is urged by a spring 699 to 
its inward, latching position in which an abutment 700 
on the latch lever engages a fixed stop rod 701. Each 
negative latch lever carries a pivotally mounted live tip 
lever, or pawl, 792 urged by a spring 703 to a rotational 
position determined by a stop pin 704. Each live tip 
lever 702 carries at its inner end an abutment formation 
705 which is engaged by an end of the coordinal tens 
transfer cam 662 to rock the associated latch lever out 
ward to releasing position when an end of the cam en 
gages the abutment formation while the accumulator gear 
is turning in the negative or subtractive direction (clock 
wise in FIG. 32). 
A tens-transfer restore bail rod 76 is engageable with 

abutment formation 797 on the positive tens-transfer 
levers 665 to restore these levers to latched condition 
after a tens-transfer has been completed. A negative re 
store bail rod 788 is engageable with abutment forma 
tions 799 on the negative tens-transfer levers 67 to re 
store these levers to latched condition after a tens-trans 
fer. The bails 76 and 708 are rockably mounted on the 
rods 663 and 664 by gear-tooth connected bail legs 622 
and 7:5, as shown in FIG. 20, and these bails are oper 
ated by the cam 22 through the lever 625, link 629 and 
arm 621, as described above. 
A positive “fugitive 1" bail 719 (FIG. 32) is rockably 

mounted at its ends on the end portions of the shaft 677 
and is rockable by the highest order tens-transfer cam 662 
of the accumulator when the highest order (leftmost) ac 
cumulator gear passes through its "9 to “0” position, as 
it will do when the value in the accumulator changes 
from negative to positive, to make a tens-transfer from 
the highest to the lowest order of the accumulator. A 
positive Zero blocking bail 7, is also rockably mounted 
at its ends on the end portions of the shaft 677 and is 
movable by the total-taking mechanism of the machine 
to a position in which it blocks the abutment formations 
684 against upward movement to stop the negatively ro 
tating accumulator gears when they reach their “0” posi 
tions as a positive total is being read out of the accumu 
lator. 
A negative “fugitive 1' bail '72 is rockably mounted 

at its ends on the end portions of the shaft 678 and is 
rocked by the highest order tens-transfer cam 662 when 
the highest order accumulator gear passes from its “0” to 
'9' position incident to a change in sign of the value in 
the accumulator from positive to negative, as described 
above, to make a tens-transfer from the highest to the 
lowest order of the accumulator. A negative zero block 
bail 713 is rockably mounted at its ends on the end por 
tions of the shaft 678 and is moved by the total-taking 
mechanism of the machine to a position to block the 
abutment formations 765 during readout when the total 
value in the accumulator has a negative sign. Blocking 
of the abutment formations 785 will stop the positively 
rotating accumulator gears at their “0” positions as the 
negative value is read cut of the accumulator. 

(7) ADDITION OPERATION 
Referring now to FIG. 25, the stem 720 of the addition 

(--) key 392 (FIG. 7) carries, near its lower end, a 
laterally projecting pin 725 (see also FIG. 27) which 
overlies the forward, distal end of one arm 722 of a bell 
Craiak lever 723 Tockably mounted at its angle on a fixed 
pivotal Support 724. At its upper end, the other arm 
725 of the bellcrank lever is pivotally connected to the 
forward end of a link 726 which extends rearward of the 
machiiie from the upper end of the bellcrank lever arm 



S,181,786 
3. 

725. Intermediate its length, the link 726 is slidably 
supported on a pin 569 which projects through a longi 
tudinal slot in the link, and at its rear end, the link car 
ries a laterally disposed roller 728. A spring 727 con 
nected to arm 725 biases bellcrank 723, clockwise as 
seen in FIG. 25, and the link 726 rearward. With this 
arrangement, when the add key 302 is depressed, the bell 
crank lever 723 is rocked in a counter-clockwise direc 
tion, as viewed in FIG. 25, and the link 726 is shifted for 
ward. It will be noted that the link 726 is also guided 
for longitudinal movement by passing through a notch 
in a notched bracket 729 on the adjacent frame side 
plate of the machine. 
The roller 728 bears on the upper forward end por 

tion of a lever 730. This lever is rockably mounted in 
termediate its length on a fixed pivot pin 731 extending 
transverse the machine and is provided at its rear end 
with a fork formation 732 slidably receiving a pin 733. 
A second lever 734 is rockably mounted at its rear end 
on a movable pivot 735 and carries the pin 733 at its 
front end. A third liver 736 is provided at its front 
end with a fork formation 737 slidably receiving the fixed 
pivot pin 731, and is provided at its rear end with an up 
directed hook formation 733. The lever 736 is rockably 
mounted on the lever 734 by a pivotal connection 719 
disposed intermediate the lengths of both levers. 
With this arrangement, when the upper end of the lever 

73 is moved forward by forward movement of the add 
key link 726, the fork formation 732, on the rear end 
of this lever, is raised, raising the pin 733 as the lever 
73) is rocked about the fixed pivot pin 735. This action 
raises the forward end of lever 734 and the pivotal con 
nection 719. This, in turn, rocks the lever 736 about the 
fixed pivot 731 and raises the hook formation 738 to 
engage the positioning bail 523 of the add pendent gear 
train 512. Hook 738 will be used to rock the gears 52. 
(FIG. 16) of this gear train into mesh with the accumu 
lator drive gears 53 of the primary, or shiftable, accumu 
lator 505 at a predetermined point in the operating cycle, 
as will presently appear. 
The movable pivot mounting 735 is carried at the upper 

end of one arm 739 (FIG. 25) of a three-armed lever 
740 rockably mounted at the conjunction of its arms on 
a shaft 74; which extends transverse the machine below, 
and parallel to, the main drive shaft 135. A second 
arm 742 of the lever 740 carries, at its upper end, a 
cam following roller 743 bearing against the peripheral 
contour of the add-subtract control cam 227 (FIGS. 1, 
5 and 6) mounted on main drive shaft 35. The third 
arm 744 of the lever 740 extends rearward and is con 
nected at its rear end to the lower end of a spring 745, 
the upper end of which is connected to the righthand 
frame side plate of the machine to resiliently urge the 
lever 740 to rock in a counter-clockwise direction, as 
viewed in FIG. 25, and maintain the roller 743 in firm 
engagement with the edge of the cam. 227. The lever 
734 and the link 736 are resiliently urged down by a 
spring 746 connected between the arm 739 of the lever 
74 and a down projecting extension 747 on the inter 
mediate portion of the lever 734. 

Referring to FIG. 36, a link 748 is pivotally mounted 
at its rear end on the pivot 735 at the upper end of the 
lever arm 739 and is provided at its front end with a 
yoke formation 749 slidably receiving a pin 750 project 
ing laterally from one end of a lever 751. Lever 751 is 
rockably mounted intermediate its length on a pivot 752 
and has at its other, or front, end, a laterally projecting 
pin 753 which is engaged by an element of the total 
taking mechanism to rock the lever in a clockwise direc 
tion, as illustrated in FIGS. 29, 31 and 36, during a total 
taking operation of the machine. Near its forward end, 
the link 748 is provided with a transverse shoulder 754 
which lies forward of the forward edge of the operating 
bail 482 (FIG. 16) of the front add pendent gear train 
475 which is connectable to both the selector 323 and 
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574 (the present entry being an addition). 
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the fixed, or grand total, accumulator 489. When the 
lever 755 is rocked, incident to a total-taking operation, 
it lowers the link 743 to remove the shoulder 754 from 
its normal alignment with bail 432, but during the adding 
operation and other value input operations, pin 750 serves 
as a stationary guide for link 748. 

Depression of the add key establishes an operating 
cycle of the machine by closing the motor switch and 
engaging the main drive clutch of the machine, as de 
scribed above (FIGS. 4 and 27), causing the main drive 
shaft 35 and the add-subtract control cam 227 to cycle 
through a complete rotation. Cam 227 is shown in its 
home, or full-cycle, position in FIGS. 6, 25 and 36. The 
contour of the add-subtract can. 227 is such, that at, or 
near, the beginning of the add cycle, the three-armed 
lever 749 is rocked clockwise, moving the link 748 (FIG. 
36) rearward. Engagement of this link with the operat 
ing bail 482 of the front add pendent gear assembly 475 
meshes the gears 484 of this assembly with the teeth of 
the rack portions of the selection sectors 331 (FIG. 16), 
which have been stepped to the left of the selection sta 

The cam maintains the gears 
484 in mesh with the selection sectors during the first 
portion of the operating cycle until the selected value has 
been read out of the selection sectors and the actuating 
sectors 459 have been differentially set to the same value. 
When the actuating sectors have been differentially set, 
the printing operation takes place and the cam following 
roller 743 rides off of the high portion of the cam 227 
onto its lowest portion, permitting the spring 745 to rock 
the three-armed lever 740 in the counter-clockwise direc 
tion, as viewed in FIG. 36, to disengage the add pendent 
gears 484 from the selection sectors 331. Since the 
hook formation 738 (FIG. 25) was set behind the op 
erating bail 523 of the rear add pendent gear assembly 
512 when the add key was depressed, movement of the 
three-armed lever 740 to its extreme counter-clockwise 
position moves the link 736 and the bail 523 forward, 
and this action brings the gears 521 of the rear add pend 
ent gear assembly 52 (FIG. 16) into mesh with the 
drive gears 513 of the accumulator 585. This condition 
continues while the actuating sectors are being restored 
to their home, or full-cycle, position for entering the 
value in the accumulator, and near the end of the cycle 
the roller 743 (FIG. 25) rides on to a cam portion of 
intermediate height, returning lever 740 to its home po 
sition and thereby returning the add pendent gear as 
'sembly 512 to its neutral, or centered, position in which 
its gears 521 are out of mesh with the accumulator drive 
gears 513. If there initially was a value in the accumu 
lator, the present entry will be added to it, as has been 
described, and some of the accumulator gears 554 (FIG. 
19) may turn past their "9" positions and lift their latches 

According 
ly as the value is being entered by the actuator sectors 
into the accumulator gears, the tens-transfer bails 60 
and 612 are held in an intermediate position (about the 
position shown in FIG. 20) to let the levers 557 escape 
the latches 574, and just at the end of the cycle, the tens 
ransfer operating bails 610 and 62 of this accumu 

lator are moved into about the position shown in FIG. 
19 to permit the tens-transfers to be completed, as de 
scribed above. Pin 721 of the add key operates the yoke 
205 (FIG. 27), which is similar to the yoke 326 (FIG. 
16) on the shaft 155 (FiG. 4) to operate the main clutch 
which maintains the add key depressed until the end of 
the operating cycle. When the cycle is completed, the 
shape of the main clutch disk 37 (FG. 3) releases the 
yoke and the add key is released to rise to its normal, or 
raised, position, thus terminating the operation of the 
machine at the end of the single add cycle. If the add 
key is held down beyond the first cycle, the machine will 
continue to operate and will add zeros for each cycle fol 
lowing the first and cycle until the add key is released. 
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(8) SUBTRACTION OPERATION 
Referring to FIG. 26, the subtract (-) key 303 has 

a flat stem 768 mounted for vertical movement on the 
right-hand frame plate 106, which stem carries the pin 
159 which moves the right-hand switch and clutch con 
trolling slide 151 (FIG. 4) to establish a cyclic operation 
of the machine when the subtract key is depressed. 
The key stem 760 is provided, in its upper portion, with 

a longitudinal slot 761 receiving a pin 762 projecting 
laterally from one end of a bellcrank lever 763 rockably 
mounted at its angle on the right-hand frame plate 106 
by a pivot pin 764. The other end of the bellcrank lever 
763 is connected by a pin 765 to the central part of a sub 
tract slide 766. The slide 766 is supported intermediate 
its length on the fixed pin 169 projecting through a longi 
tudinal slot in the slide and at its front end by a fixed pil 
769 extending through a similar slot in a forward ex 
tension 768. The slide 766 is also guided by a vertical 
notch in the bracket 729. A spring 770, connected to 
the front end of the extension 768, resiliently urges the 
slide 766 in a rearward direction, this slide being moved 
forward by the pin 762 engaging the upper end of the 
slot 761 in the subtract key stem when the subtract key is depressed. 
At its rear end, the slide 766 carries a roller 771 bear 

ing on the forward end portion of a lever 772 rockably 
mounted intermediate its length on the fixed pivot pin 
731. At its rear end, the lever 772 has a fork formation 
773 slidably receiving a pin 774 projecting laterally from 
the forward end portion of a lever 775. The lever 775 
is pivotally mounted at its ear end on the movable pivot 
735 and is pivotally connected intermediate its ends to 
an operating link 776 by a pivot pin 777. The operat 
ing link 776 is provided at its front end with a yoke for 
mation 778 slidably receiving the fixed pivot pin 731, and 
is provided at its rear end, with an up projecting hook 
formation 779. With this arrangement, when the lever 
772 is rocked, in a counter-clockwise direction as viewed 
in FIG. 26, by a forward movement of the subtract slide 
766, the hook formation 779 is raised to engage the op 
erating bail 535 of the subtract pendent gear assembly 
526 for the rear, shiftable, or primary, register 505. 

In the subtraction operation, depression of the subtract 
key functions to establish a machine operating cycle by 
closing the motor Switch and engaging the main drive 
clutch, as explained above. During the first portion of 
the cycle, the link 748 (FIG. 36) is moved rearward to 
engage the operating bail 482 of the front add pendent 
gear train 475 and Swing this add pendent gear train to 
mesh the gears 484 thereof with the selection sector racks 
to differentially set the actuator sectors, as described above 
in connection with the addition operation. During the lat 
ter portion of the subtract operating cycle, the link 776 
(FIG. 26) is moved forward by the spring 745 to swing 
the actuating bail 535 of the rear subtract pendent gear 
assembly 526 to mesh the gears 533 (FIG. 19) of this 
assembly with the accumulator drive gears 53 and sub 
tractively enter the selected value from the actuating sec 
tors into the rear, or primary, accumulator 505. 
The pendent gear trains are held in mesh with the selec 

tion sectors and with the corresponding accumulator 
drive gears by pendent gear aligning mechanism, par 
ticularly shown in FIG. 21. A T-shaped aligning mem 
ber 785 for the front pendent gear mechanisms 475 and 
490 is slidably mounted at its upper end on the main drive 
shaft 135, and extends down and forward from that shaft. 
At its lower end, this T-shaped member carries spaced de 
tenting teeth 786 and 787 projecting up from the lower 
end of the member. A bail 788 is rockably mounted on 
the shaft 831 and has one leg 790 extending up and for 
Ward from the bail rod, and carrying at its distal end, a 
cam following roller 791 engaging the peripheral edge of 
the pendent gear aligning cam 218. A second arm 792 
of the bail is pivotally connected at its distal end to the 
aligning T-shaped member 785 near the lower end of this 
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member by a pivotal connection 793. A bar 794 is fixed 
to the left-hand side portion of the frame of the add 
pendent gear mechanism 475 and this bar is provided at 
its lower end with two spaced-apart double bevel teeth 
795 and 796. A bar 797 is fixed to the left-hand portion 
of the frame of the subtract pendent gear mechanism 490 
and this bar is provided at its lower end with a single, dou 
ble beveled, tooth 793. The cam 218 is so shaped that, 
as Soon as the add-subtract control cam 227 has moved 
the pendent gear train 475 to mesh its gears with the 
teeth on the selection sectors 331, the aligning T-shaped 
member 785 is raised by a spring 799 connected to the 
bail arm 799, and the tooth 786 on the aligning member 
will be disposed at the outer, or rear, side of the tooth 796 
to hold the pendent gear mechanism is this position dur 
ing the first portion of an addition or subtraction cycle. 
The cam 218, shown in approximately its home position 
in FIGS. 6 and 21, has two substantially opposite lobe 
portions so that, at the middle of the cycle, it forces the 
aligning member 785 down to release the tooth 796, free 
ing the pendent gear assembly 475 to move to its neutral 
position. After the middle of the cycle, the cam frees the 
aligning member 785 to be again raised by the spring 799 
and, with the add pendent gear assembly in its centered, 
or neutral, position, the tooth 786 will enter the space 
between the two teeth 796 and 795 and hold the pendent 
gear assembly in this centered position. If, however, the 
pendent gear assembly 475 was moved to mesh its gears 
with the accumulator drive gears 488 (FIGS. 16 and 32), 
when the member 785 was raised after the middle of the 
cycle, the tooth 786 would engage the outer, or forward, 
edge of the tooth 795 and hold the add pendent gear as 
sembly in this position until near the end of the cycle. If, 
after the middle of the cycle, the front subtract pendent 
gear assembly 490 had been moved to mesh its gears 
with the accumulator drive gears 488, when the aligning 
member 785 was raised after the middle of the cycle, the 
tooth 787 on this member would engage the outer, or 
rear, side of the tooth 798 and hold the subtract pendent 
gear assembly in operative, or meshing, position until 
near the end of the cycle. 

in FIG. 21, an aligning slide, or fork, 800 for the rear 
pendants is mounted on the frame plate 107 immediately 
forward of the primary accumulator 505 for forward and 
rearward movement. A bellcrank lever 801 is connected 
at its upper end to the fork 890 by a pivotal connection 
802 and is rockably mounted at its lower end on a fixed 
pivotal mounting 803. An arm 804 extends forward from 
the lower end of the lever 801 and is provided in its for 
ward end with a notch receiving a pin extending laterally 
from the rear end portion of an arm 805 extending rear 
ward from the bail leg 792 of the bail 788. With this 
arrangement, the aligning fork 800 is moved forward 
by the spring 799 whenever the can following roller 791 
rides off of a high portion of the cam 218. 
The fork 800 carries at its rear end upper and lower 

jaw members 806 and 807. The jaw member 806 is pro 
vided at its rear end with an abutment formation 809 ex 
tending perpendicular to the right from the jaw member 
and positioned to engage the left-hand end portion of the 
gear shaft 531 of the rear subtract pendent gear assem 
bly 526. If the subtract pendent gear assembly has been 
moved into mesh with the accumulator drive gears 513, 
the abutment 309 will be moved to a position in which it 
rides on top of the left-hand end of the shaft 531 and 
holds the subtract pendent gear train in mesh with the 
accumulator drive gears, for example, from the middle 
to the end of the “subtract” operating cycle. If, on the 
other hnad, the subtract pendent gear train has not been 
moved from its inoperative position, upon forward move 
ment of the yoke 868, the abutment formation 809 will 
move under the gear shaft 53i and prevent accidental 
meshing of the subtract pendent gears with the accumula 
tor drive gears. 
The jaw member 807 similarly is provided at its rear 
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end with an abutment formation 810 extending perpen 
dicular to the right from the jaw member and positioned 
to engage under the right-hand end of the gear shaft 58 
of the add pendent gear train assembly 512 when this gear 
train assembly is moved into mesh with the accumulator 
drive gears 513. If the yoke 808 is moved forward while 
the gear train assembly 512 is still in its inoperative posi 
tion, the abutment formation 810 will move above the 
left-hand end of the shaft 558 and hold this gear assem 
bly against accidental engagement with gears 523. 

(9) SUBTOTAL OPERATION 
Referring particularly to FIG. 29, the SUB TOTAL key 

35 has a flat stem 8:5 slidably mounted in the front 
cross-member 14 of the machine frame. This key 
stem extends through aligned guide slots in an upper flange 
portion 816 and a lower flange portion 817 of the frame 
cross-member 14 and is resiliently urged to its upper 
limiting position by a spring 813. An extension 3A9 
projects forward from the key stem immediately below 
the upper flange 86 when the key is in raised position, 
and near its forward end, this extension 819 rests on the 
upper edge of a bail 820 rockably mounted on the trans 
verse shaft 443 (FIGS. 9 and 16). An arm 822 projects 
up from the right-hand end of the bail 820 and is con 
nected at its upper end to the forward end of the subtotal 
actuating link 823 which extends longitudinal of the for 
Ward portion of the right-hand side of the machine. 
The pin 824 projects to the right from the lower por 

tion of the key stem 815 and engages in the notch of the 
yoke.826 mounted on, and extending up from, the shaft 
155. As has been previously explained in connection 
with FIG. 4, rocking of the shaft 155, acting through the 
arm 154, moves the link 5 forward to close the motor 
Switch and engage the main drive clutch of the machine. 
Thus, depression of the SUB TOTAL key will cause the 
machine to cycle. The lower end of the key stem 815 
rests on the upper edge of the bails 827 and 416, which 
are rockably mounted on the shaft 55 and have down ex 
tending arms connected at their lower ends to the forward 
ends of links 832 and 1417 (shown also in FIG. 4), and 
connected to the rear with the blocking mechanism 
835. (FIGS. 29 and 30) and the symbol bail 419 (FIGS. 
29 and 57). The operation of the symbol printing mecha 
nism and blocking mechanism will be described later in 
detail. 
At its rearward end, the subtotal link 823 (FIG. 29) 

carries a laterally projecting pin 840 bearing on the rear 
edge of one arm 84 of a bail 842 (FIG. 90) rockably 
mounted on a shaft 843 extending transverse the upper, 
intermediate portion of the machine. The bail 842 has a 
rearward projecting arm 844, provided at its rear end 
with a forward facing hook formation 845. Arm 844 
lies under, pin 753 (FIG. 29) of lever 751 as previously 
described under "Addition Operation.” Pin 759 at the 
rear of lever. 751 guides link 784 which is moved by 
cam 227 each time the machine cycles. Thus, depres 
sion of the SUB TOTAL key 315 lowers pin 750 so that 
shoulder 754 on link 748 lies below ear 482 of the front 
add pendent 475 (FIG. 16), and can not drive it. 
A lever 850. (FIG. 29) is rockably mounted interme 

diate its length on a transverse shaft 851 and is provided 
at its upper end with a laterally extending abutment for 
Imation 852. The bail 842 is resiliently rocked in a clock 
wise direction, as viewed in FIG. 29, by a spring 353 
to maintain the hook formation 845 in engagement with 
the abutment formation 852 on the upper end of the 
lever 850 and holds this lever against rocking movement 
about the shaft 851. 
As shown in FIG. 30, the lever 850 has an arm extend 

ing down from the shaft 851 and has a third arm 854 pro 
jecting rearward from a location adjacent the shaft 851. 
At its rear end the arm 854 carries a cam following roller 
855 arranged to bear on the peripheral edge of the sub 
total cam 225 mounted on the main drive shaft 35 
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(shown also in FIGS. 1, 5 and 6). Two links 870 and 
1059, connected to lever 850, actuate sign-sensing mecha 
nisms of the rear, or primary, accumulator 505 (FIGS. 16 
and 19), and the front or grand-total accumulator. 489 
(FIGS. 16, 31 and 32), respectively. Subtotal cam 225 
is shown in its home, or full-cycle, position. 
An upper bellcrank lever 856 (FIG. 30) is rockably 

mounted at its angle on a pivotal support 857 disposed 
rearward of the main camshaft 35, and a corresponding 
lower bellcrank lever 858 is rockably mounted at its an 
gle on a pivotal support 859 disposed immediately below 
the pivotal mounting 857. The lever 856 constitutes the 
left-hand leg of a bail, the cross-member 860 whereof 
extends transverse the right-hand portion of the machine, 
rearward of the pivotal mounting 857. The lever 858 
also constitutes the left-hand leg of a bail, the cross-mem 
ber 861 of which extends transverse the right-hand portion 
of the machine, rearward of the pivotal mounting 859. 
These left bail legs 856 and 858 lie just to the right of the 
rear pendents 526 and 512 (FIGS. 16 and 19) for en 
gagement with the right ends of shafts 531 and 58 for 
moving the pendents. Bails 860 and 86 extend trans 
verse the machine so as to be engageable at all times with 
lever arms 889 and 897, which are mounted on, and move 
with, the movable accumulator 505. The bail leg 856 has 
an arm 862 extending down from the pivotal mounting 
857 and provided with a forward opening notch 863. The 
bail leg 858 has an arm 864 projecting up from the pivotal 
mounting 859 and provided near its upper end with a for 
ward opening notch 865. A spring 866, connected be 
tween the upper and lower bails 856 and 858, rearward of 
the pivotal mountings. 857 and 859, resiliently urges the 
rearward disposed cross-members 860 and 861 of the 
bails toward each other. - 
The link 870 (FIG. 30) is connected at its forward 

end to the lower end of the lever 850 by a pivotal connec 
tion 871 and is curved up over the main drive shaft 135. 
At its rear end, the link 870 has a Y-formation, or yoke, 
872 carrying spaced, laterally projecting, pins 873 and 
874. The upper pin 873 is in alignment with the notch 
863 in the arm 862 - of the upper bail leg $56, and the 
lower pin 874 is in alignment with the notch 865 in the 
arm 854 of the lower bail leg 858. 
A substantially T-shaped sign sensing gate 875 is dis 

posed at the right-hand end of the accumulator. 505 and is 
rockably mounted at the midlength location of its cross 
member on the accumulator gear shaft 566. The cross 
member of the T-shaped gate 875 is substantially verti 
cal and has an arm 877 which extends rearward from its 
pivot 566 and is bent downward intermediate its length 
to pass by the shafts 60 and 612 of the tens-transfer 
restore mechanism, described above in connection with 
FIG. 19. At its rear end, the tail, or stem, 877 carries 
a rearward projecting abutment pin 878, the purpose of 
which will be explained in connection with the division 
operation of the machine (FIGS. 22, 25, 26 and 76). 
Rearward of the pivot 566, an arm 879 projects up from 
the rearward directed arm 877 and then extends to the left 
to constitute a tongue 880 positioned to be engaged by 
the abutment formations 608 and 577 (FIG. 19) of the 
lowest (rightmost) order tens-transfer levers 557 and 
559 when these levers are released by the right-hand legs 
of the "fugitive 1' entering bails 635 and 640 (FIG. 24), 
as previously described. 
When, as explained above in connection with FIGS. 

19 and 24, the highest order (leftmost) accumulator gear 
554 is turned in a negative direction through its “0” to “9” 
position because of an overdraft in the register, the nega 
tive "fugitive 1' entering bail will be rocked to release 
the lowest order negative tens-transfer lever to subtrac 
tively enter a "fugitive 1” into the register to give a true 
negative balance. When the lowest order negative tens 
transfer lever moves, it engages the tongue 880 (FIG. 30) 
and rocks the sign sensing gate 875 to its negative posi 

5tion, which is the clockwise, or broken line, position, as 
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shown in FIG. 30. When, on the other hand, the highest 
order accumulator gear moves in a positive direction from 
its '9' to "0" position in response to a change of sign 
from negative to positive of the values stored in the ac 
cumulator, the positive lowest order tens-transfer lever 
will engage the tongue 880 and rock the sign sensing 
gate 875 to its positive position, as shown in full lines in 
FIG. 30. 
The gate 875 is detented in its positive and negative 

positions by a bellcrank lever 881, rockably mounted at 
its angle on a pivot stud 882, and having an arm 833 
provided with notches in which a pin 884 on the arm 877 
engages in the different positions of the gate. A spring 
885, connected between a bellcrank lever arm 886 and a 
fixed spring stud, resiliently holds the notched end of the 
arm 883 in engagement with the pin 884. 
A feeler finger 887 (FiG. 30) in the form of a bell 

crank lever, is rockably mounted at its angle on a pivot 
stud 888, mounted on the right-hand end plate 567 (FIG. 
23) of the shiftable accumulator carriage frame, rear 
ward of the upper bail cross-member 860. The finger 
887 has an arm 889 projecting forward from the stud 
888 and engaged at its forward end under the bail cross 
member 860, and has a second arm 898 extending up from 
the pivot 388. A spring 891, connected between the 
upper end of the arm 890 and a fixed stud, resiliently 
urges the lever 387 to rock in a clockwise direction as 
seen in FIG. 30 to maintain the forward end of the arm 
889 against the lower edge of the bail cross-member 860. 
A second, or lower, feeler finger, in the form of a bell 

crank lever 895, is rockably mounted at its angle on a 
pivot stud 896 carried by the right-hand end plate of the 
accumulator carriage frame. This lever has one arm 897 
extending forward from the stud 896 and bearing near 
its front end on the upper edge of the bail cross-member 
86. A second arm 898 of the lever 895 extends down 
from the stud 896, and a spring 899, connected between 
the lower end of the arm 898 and a fixed stud, resilient 
ly urges the lever 895 to rock in a counter-clockwise di 
rection in FIG. 30 to maintain the forward end portion 
of the arm 897 in engagement with the upper edge of 
the cross-member 861. 
The jaw-like bails 860 and 861 are normally held apart 

against the force of the spring 866 by a rectangular gate 
900 mounted on the upper portion of the shaft 838 and 
extending rearward from this shaft. A vertically disposed 
flange 901 extends laterally from the rear end of the 
gate 968 and has a length greater than the width of the 
gate so that the flange extends above, and below, the gate. 
The lower edge of the arm 856 rests on the upper end 
of this flange 99E and the upper edge of the bail arm 
858 bears against the lower end of the flange. 
The cross portion of the sign sensing gate 875 is pro 

vided with oppositely extending abutment formations 
992 and 903. The sensing fingers 889 and 897 are pro 
vided with shoulders 904 and 905, respectively, and when 
the sign sensing gate is in its positive position, as illus 
trated in solid lines in FG. 30, indicating a positive 
total in the accumulator, the outer end of the abutment 
formation 902 is in alignment with the shoulder forma 
tion 904 of the finger 887 and holds this finger against 
rocking movement. At the same time, the abutment for 
mation 903 is out of alignment with the shoulder 905 of 
the sensing finger 895 so that this finger is free to move. 
When the sign sensing gate 875 is in its alternative, or 
negative, position (dotted lines in FIG. 30), the finger 
895 is blocked against movement by abutment 903 while 
the finger $87 is free to move. 
The gear shaft 53 of the negative or subtractive pend 

ent gear assembly 526 (FIG. 19) is extended to the right 
and underlies the left-hand leg 856 of the upper bail 
(FIG. 30), and the gear shaft 518 of the positive or 
additive pendent gear assembly 52 is extended to the 
right and overlies the left-hand bail leg 853. The sign 
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33 
sensing mechanism of FIG. 30 is put into operation when 
gate 993 is turned to a non-blocking position and link 
870 is moved forward to release bellcranks 856 and 858 
to the action of spring 366. Under this condition, if the 
upper bail leg 856 is free to move by reason of the sign 
sensing gate 875 not blocking the upper feeler finger 887, 
the spring 866 will depress shaft 531 to move the negative 
pendent gear assembly into mesh with the accumulator 
drive gears 553 (FIG. 19) to read out a negative value 
from the accumulator, whereas, if the lower bail leg 858 
is free to move by reason of the non-alignment of the 
sign sensing gate 875 with the shoulder 905 of the lower 
feeler finger 895, the positive pendent gear assembly 512 
will be moved into mesh with the accumulator drive 
gears 583 to read out a positive value from the accumu 
lator. 
The zero blocking bails 641 and 642 (FIG. 22) are sup 

ported by bail legs at the respectively opposite sides of the 
accumulator 565 and the bail legs at the right-hand side 
of the accumulator are indicated at 906 and 907 (FIG. 
22) for the bails 641 and 642, respectively. The bail 
64 is rockably mounted on the transverse shaft 580 and 
the bail leg 996 has a forward projecting arm 909 which 
overrides the transverse portion 86 of the spring-oper 
ated bail 358 (FIG. 30). Similarly, the zero blocking 
bail 642 is rockably mounted on the transverse shaft 597, 
and the right-hand leg 907 of this bail has a forward pro 
jecting arm 91 which underlies the lower edge of the 
cross-member 860 of the spring-actuated bail 856. It 
is apparent from this description that when the lower, or 
positive read-out, bail 858 is moved up by the spring 866 
(FIG. 30), the lower, or positive, zero blocking bail 
641 (FIG. 22) will be set (see also FIG. 19), and when 
the upper, or negative, read-out bail 856 is moved down 
by the spring 866, the upper, or negative, blocking bail 
642 will be set. 
When the SUB TOTAL key is depresesd (FIG. 29), the 

sub-total link 823 is moved forward, rocking the bail 842 
to lift the hook 845 from the abutment formation 852 
at the upper end of the lever 850, thereby freeing this 
lever so that the can following roller 855 (FIG. 30), 
carried by this lever, can follow the peripheral contour 
of the subtotal cam 225. When a lobe 92 of the cam 
225 moves away from the roller 855, the lever 850 is free 
to rock and thus the link 870 is moved forward. At the 
same time that the link 823 is moved forward, the block 
ing link 832 (FIGS. 29 and 30) is moved rearward, turn 
ing the shaft 838 to move the flange 991 of the blocking 
gate 900 from between the jaw bails 856 and 858. With 
the gate 875 in the position shown in FIG. 30, the bail 
853 will now be free to move up, since the abutment 903 
of the sign sensing gate 875 is out of alignment with the 
shoulder 905 on the sensing feeler 895. This upward 
movement of arm 858 will move the positive pendent 
gear assembly 512 (FIGS. 19 and 22) into mesh with 
the accumulator drive gears 53 and will simultaneously 
set the positive zero blocking bail 641. Since depres 
sion of the SUB TOTAL key causes the machine to cycle, 
as explained above, those actuator sectors 450 which are 
in ordinal alignment with the drive gears 53 of the 
accumulator, will be rocked until the coordinal accumu 
lator gears are brought back to their “0” positions, in 
which positions they will be stopped by the abutments 
587, which are blocked by the set zero blocking bail 641. 
This action will read the value standing in the accumula 
tor into the actuator sectors and these sectors will set 
the printing mechanism to print the subtotal in a manner 
to be later described. If the sign sensing gate 875 (FIG. 
30) had been in its alternative position from that shown 
in full lines in FiG. 30, the upper bail 856 would have 
been free to move, since the sign sensing gate 875 would 
then have been out of alignment with the sensing finger 
889 and downward movement of the bail leg 856 would 
have moved the negative pendent gear assembly 526 into 
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engagement with the accumulator drive gears and would 
have set the negative zero blocking bail 642. 
When a positive value is read out of the accumulator, 

the accumulator gears are driven backward to "0,' that 
is, in the negative direction. Although the positive read 
out is performed by the positive pendent gear assembly, 
the accumulator gears turn in the negative direction be 
cause the readout from the accumulator is made during 
the first half of the operating cycle. Thus the positive 
pendent gears are used for both entry and readout of 
positive values. Similarly, for reading out a negative 
total, the accumulator gears are driven by the negative 
pendent gears in the forward, or positive direction, to 
“0,' because the actual value in the accumulator is the 
tens complement of the negative value that is read out 
and printed. 

Since accumulator 585 is shiftable, the readout opera 
tion may take place when some sectors at the left, or 
higher order, portion of the actuator are not aligned with 
any gears of the accumulator. Accordingly the rear shift 
able accumulator 505 is provided with a plate 908 (FIG. 
23) which extends to the left of the left-hand frame plate 
of the accumulator and engages the gears of either of 
the pendent gear assemblies to the left of the highest 
order gear of the accumulator to hold the corresponding 
gears of the pendent gear assembly which has been moved 
into driving association with the accumulator against 
movement. This holds all of the actuator sectors 45 to 
the left of the highest order accumulator gear against 
movement so that erroneous values cannot be entered into 
the printing mechanism above the highest order of the 
accumulator. 

It will be noted that the bails 356 and 858 (FIG. 30) 
cannot move to set the pendent gear assemblies of the 
shiftable, or principal, accumulator 565 to extract a total 
from this accumulator unless the blocking gate 960 is 
swung out of the way of these bails by rearward move 
ment of the link 832. It will also be noted that, since 
the selected pendent gear assembly is meshed with the ac 
cumulator drive gears at the beginning of the operation, 
the total value will be read out of the accumulator during 
the downward movement of the actuator sector operating 
bail 453 (FIGS. 16, 17 and 21) so that the total value 
can be printed during the dwell at the bottom of the 
downward stroke of the actuator. The upward stroke 
of the actuator then restores the actuator sectors and the 
printing mechanism to "0" position. 

Since the lobe 9:2 of the subtotal cam 225 (FIGS. 6 
and 30) is of limited angular extent, the selected pendent 
gear assembly will remain in mesh with the accumulator 
drive gears during the upward stroke of the operator bail. 
The value which was read out of the accumulator during 
the downward stroke of the actuator bail 453 will thus 
be restored to the accumulator during the upward stroke 
of this bail. Just at the end of the cycle and after the 
actuator sector operating bail 453 has been returned to 
its upper, or full-cycle, position, the roller 855 (FIG. 30) 
rides up onto the cam lobe 92, thereby disconnecting the 
selected pendent gear train assembly from the accumulator 
drive gears. 
released before the end of the cycle, movement of the can 
lobe 92 under the roller 855 will rock the lever 850 
in a counter-clockwise direction, as shown in FG. 30, 
causing the hook 845 to relatch the abutment formation 
852 at the upper end of this lever. Movement of the lever 
850 in the direction specified will move the link 870 
rearward, thereby forcing the jaw-like bails 856 and 858 
apart so that the flange 901 of the blocking gate 908 can 
return to its position between the right-hand bail legs and 
hold the bails in inoperative position. The springs 89i 
and 899 maintain the forward ends of the feeler fingers 
887 and 895 against the adjacent edges of the bail cross 
members 86 and 860 so that the sensing finger 887 or 
895, which had been moved in for the taking of the Sub 
total, is moved out of the way of the corresponding abut 

Since the subtotal key 315 will have been 
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ment formation on the sensing gate 875, freeing this gate. 
to change its position if the sign of the total value in the 
accuinulator changes. The length of the bail cross-men 
bers 869 and 86 is such that the fingers 887 and 895 
can slide along these cross-members during shifting move 
ments of the primary accumulator. 

(10) TOTAL-TAKENG OPERATION 
As shown in FIGS. 27 and 31, the TOTAL key 323 

has a flat stem 915 guided in the front frame member. 
flanges 86 and 8i 7 for vertical movement. This key 
is raised by a spring 956 to its upper limiting position as 
determined by the engagement of a pin 957 carried on the 
stem engaged with the undersurface of the upper frame 
member flange 856. Near its lower end, the key stem 
915 carries a pin 918 which engages in the inclined notch 
959 of a yoke member 920 mounted on, and extending 
up and forward from, the shaft 455 so that, when the 
TOTAL key is depressed, the shaft 155 is rocked by 
the yoke member 929 to establish an operating cycle of 
the machine in the manner described above. The pin 
95.7 rests on the upper surface of a forward extending 
tongue 921 of a bail 922 rockably mounted on the shaft 
443 and urged to a limiting position in a clockwise direc 
tion of movement by a spring 923. An arm 924 extends 
up from the bail 922 and is connected at its upper end 
to the forward end of a total-taking control link 925 by 
a pivotal connection 926. Near its rear end, the link 
925 carries a laterally projecting pin 927, which rests on 
the upper, or rear, edge of one arm 928 of a lever 92.9 
rockably mounted on the shaft 843. Lever 929 lies be 
tween the two arms of bail 842 (FIG. 90) and has a left 
ward extending ear 930 that overlies the forward extend 
ing arm 846 of bail 842. Thus depression of the TOTAL 
key 358 rocks bail 842 as in the SUB TOTAL operation 
for lowering pin 750 and link 748 and for lifting latch 
845 from ear 852 of the subtotal lever 850. 
A bellcrank lever 935 (FIG. 31) is rockably mounted 

on the shaft 851 on which the subtotal lever 850 is mount 
ed, and this bellcrank lever has an arm 936 extending 
up from the shaft $5A and an arm 937 extending rear 
ward from this shaft. The arm 937 carries at its free, 
rear end, a cam following roller 938 riding on the periph 
eral edge of the total cam. 226 so that rocking movement 
of the lever 935 is controlled by the total cam. A spring 
939 connected between the lever arm 937 and a fixed 
stud 934, holds the roller 938 in contact with the edge of 
the total cam. 
A pawl lever 940 is pivotally connected at one end to 

the upper end of the bellcrank lever arm 936 by a pivot 
pin 941 and has at its forward, or free, end, a shoulder 
formation 942 projecting up from the upper edge of the 
pawl. A spring 943 urges the pawl to its lower, or 
retracted, position, as shown in FIG. 31. 
The lever 929 has an arm 944 extending down and rear 

Ward from the shaft 843 and terminating at its rear end 
in an up curved portion 945, which bears against the 
under edge of the pawl 940. 
When the TOTAL key is depressed, it moves the link 

925 forward and the pin 927 rocks the lever 929 in a 
counter-clockwise direction, as viewed in FIG. 31. Rock 
ing of the lever 929 raises the free forward end of the 
pawl 940 as the hook formation 845 is lifted away, and 
the shoulder 942 is engaged with the rear edge of the 
abutment formation 852 so that rocking movements of the 
lever 850 are now controlled by the total control lever 
935 and the total cam 226. 
The total cam 226, shown in home position in FIGS. 6 

and 31, has a lobe portion extending through an angular 
extent only slightly less than 180°, and the trailing end 
of this lobe portion is positioned under the roller 938 
when the cam is in its full-cycle position. V 

Depression of the TOTAL key also rocks the bail 827 
(FiGS. 4 and 29) and shifts the link 832 (FIGS. 29 and 
30) rearward to remove the blocking gate 900 from be 
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tween the jaw-like bails 856 and 858, in the same manner 
as described above in connection wtih the subtotal opera 
tion, so that one of these bails will move the Subtract 
pendent gear assembly 526 or the add pendent gear 
assembly 512 into meshing engagement with the primary 
accumulator drive gears 513 (FIGS. 16 and 19), as 
described above. Immediately after the total-taking ma 
chine cycle starts, the lobe portion of the cam 226 moves 
from under the cam following roller 938, thereby freeing 
the levers 935 and 850 to rock in a clockwise direction, 
as viewed in FIG. 31. This shifts the control link 870 
(FIG. 30) forward and frees the bail members 856 and 
858 to engage the selected pendent gear assembly with 
the accumulator drive gears. The actuator sector operat 
ing bail 453 (FIGS. 16, 17 and 21) is then moved down 
to transfer the value from the rear accumulator 565 into 
the actuator, as in the subtotal taking operation. 

During the dewell at the end of the down stroke of the 
accumulator sector actuating bail 453, the total value read 
out of the accumulator is printed. However, as soon as 
the printing has been completed, the lobe of the total cam 
226 (FIGS. 6 and 31) picks up the cam following roller 
938 and restores the levers 850 and 935 to their original 
position, and the selected pendent gear assembly is dis 
engaged from the accumulator. The accumulator is now 
in its cleared, or "0,' condition and, since no pendent 
gear is in driving engagement with the accumulator while 
the actuator sectors are restored by upward movement by 
the sector opearting bail to their full-cycle position, the 
total value is not returned to the accumulator and the 
accumulator is left in its cleared, or "0,” condition. 
At its rear end, the total control link 925 carries a down 

extending hook formation 955 which engages behind a 
laterally extending abutment formation 956 on the upper 
end of a clear-signal lever 957 rockably mounted inter 
mediate its length on a fixed pivot support 958. The full 
description of the clear signal will be found in Harold 
J. Chall Patent No. 2,857,098, wherein lever i096 shown 
in FIG. 14 is identical to lever 957 herein. 

(11) POSITIVE AND NEGATIVE TRANSFERS INTO 
THE GRAND TOTAL REGISTER 

Totals can be transferred from the primary accumu 
lator 505 to the grand total accumulator 489 and entered 
there either additively or subtractively. Each such inter 
register transfer leaves the primary accumulator cleared 
and either adds the transferred value to, or subtracts it 
from, any value already in the grand total accumulator. 
The operation is initiated by setting lever 305 (FIG. 7) 
for either an additive or subtractive grand total entry 
and then depressing the TOTAL key 318. 
As shown in FIG. 33, a lever 960 is rockably mounted 

intermediate its length on the transverse shaft 731 and 
has at its forward end an up facing cam edge 961. At its 
rear end, this lever is provided with a yoke, or fork, 
formation 962 having therein a longitudinally extending 
notch, or slot, 963. This notch slidably receives a pin 
970 projecting laterally from a link964 pivotally mounted 
at its rear end on the pivotal mounting, or stub, shaft 
735 carried at the upper end of the intermediate arm 739 
of the three-armed lever 740, which is rocked by the add 
subtract control cam 227 on the main power shaft of the 
machine. As has been previously explained, a second 
arm 742 of the three-armed lever 740 carries the cam 
following roller 743, engaging the peripheral edge of the 
add-subtract cam. The third arm 744 is connected to the 
spring 745, which rocks the lever 740 in a counter-clock 
wise direction to maintain the roller 743 in firm engage 
ment with the edge of the add-subtract cam. A spring 
965, connected between the arm 739 and a down project 
ing extension 966 on the link 964, urges the forward end 
of this link down to a position in which a downward 
extension 967 on the rear portion of the lever 960 rests 
on a shelf 968 provided on a fixed guide bracket 969. 
The link 964 has at its forward end, a shoulder formation 
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971 disposed immediately rearward of the tongue 482 
(FIG. 16) of the front add pendent gear assembly 475. 
With this arrangement, it will be observed that when 

the lever 960 is rocked in a counter-clockwise direction, as 
viewed in FIG. 33, the forward end of the lever 964 will 
be raised to bring the shoulder formation 971 into align 
ment with the add pendent gear tongue 482. Then, when 
the lever 746 is rocked counterclockwise by the cam 227 
and the spring 745, during the last half of a machine cycle, 
the add pendent gear will be swung to mesh its gears 484 
with the drive gears 488 of the grand total accumulator. 
As shown in FIG. 34, a lever 972 is also mounted on 

the pivot shaft 731 in side-by-side relationship to the lever 
960 and this lever 972 is provided at its forward end with 
an up facing cam edge 973. At its rear end, the lever 972 
is provided with a fork formation 974 having therein a 
longitudinal slot 975. This lever has near its rear end, 
a downward projection 976 which rests on the guide 
bracket shelf 968 when the levers are in their retracted, or 
unoperated, position, as shown in FIG. 34. 
A link 977 is pivotally mounted at its rear end on the 

stub shaft 735 carried by the intermediate arm 739 of 
the add-Subtract cam lever 746 and extends forward into 
Overlapping relationship with the rear portion of the lever 
972. This link 977 has, near its front end, a down 
projecting extension 978 which extends through a slot 
in the guide bracket shelf 968 to guide the front end of 
the lever, and has, intermediate its length, a laterally pro 
jecting pin 979 which is received in the slot 975 in the 
fork formation 974 at the rear end of the lever 972. 
A spring 980 is connected between the intermediate arm 
739 of the add-Subtract cam lever and a down extension 
981 on the link 977. The extension 981 projects down 
below the Spring 980 and carries, at its lower end, a 
forward directed foot formation 982, which, when the 
forward end of the link 977 is raised by counter-clock 
Wise rocking of the lever 972, is brought into opposition 
to the right-hand end of the intermediate gear shaft 494 
(FIG. 16) of the Subtract pendent gear train 490. Thus, 
with the lever 972 rocked as indicated above, when the 
add-Subtract lever 740 is rocked counterclockwise by the 
cam 227 and the spring 745, during the last half of a 
machine cycle, the link 977 will be moved forward and 
the foot formation 982 carried by this link will engage 
the extended right-hand end portion of the gear shaft 494 
and move the subtract pendent gear train assembly 490 
(FIG. 16) to mesh the gears 497 thereof with the drive 
gears 488 of the grand total accumulator. 

Rocking of the levers 960 and 972 is controlled by a 
bail 985 (FIGS. 33 and 34) rockably and slidably mount 
ed on a short transverse shaft 986 projecting to the right 
from the upper portion of the bracket 969. The bail 
985 has a rearward and upward projecting arm 987 and 
a forward projecting arm 988. At its upper end, the arm 
987 carries a laterally projecting pin 989 received in a 
notch 990 in an offset hook formation 991 extending 
from the upper edge of the total control link 925. With 
this arrangement, each time the total control link 925 is 
shifted forward by depression of the total key 318, the 
bail 985 is rocked in a counterclockwise direction, as 
viewed in FIGS. 33 and 34. 
At its front end, the arm 988 carries a roller 992 which 

is Selectively engageable with the cam edges 961 and 
973 of the levers 960 and 972, respectively, depending 
on the position of the bail 985 along the shaft 986. 
The position of the bail. 985 along the shaft 986 is 

controlled by the lever 305 (FIGS. 2 and 7), through 
the intermediacy of a bellcrank lever 995 and a link 
996. The bellcrank lever 995 is pivoted at its rear end on 
screw 993 (FIG. 35) at the upper end of bracket 969 
(FIGS. 33 and 34) and is connected at its other end 
to the rear end of the link 996 by a pivotal connection 
994. At its forward end, the link 996 is connected to 
the flat stem of the lever 305 (FIG. 7) below the pivotal 
mounting 999 of this lever on the machine frame. At 
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its bottom end the lever stem 398 is provided with three 
spaced detent notches 1028, 1804 and 002. A detent 
pin 1863, carried by a spring-biased detent lever, not 
illustrated, seats selectively in the detent notches to latch 
:the lever 385 in any one of its three positions. At its 
angle, the bellcrank lever 995 carries a pin 1004 which 
depends from the lever between the arms 987 and 988 of 
the bail 3985. 
As explained above, each time the total control link 

925 is moved forward, the bail 985 is rocked couinter 
clockwise (FIGS. 33 and 34). When the setting lever 
385 is in its neutral position, the bellcrank lever 995 posi 
tions the bail 985 so that the roller 992 (FIG. 35) misses 
both cam edges 96 and 973 of the levers 960 and 972. 
Accordingly, the machine performs a total-taking opera 
tion (taking the value from the primary accumulator 505, 
printing and clearing). Without entering any value in the 
grand total accumulator. When the setting lever 365 is 
tiited forward, exposing the plus (--) sign through the 
window of the casing (not shown), the bail 985 is moved 
to the right along the shaft 986 until the roller 992 is over 
the cam edge 961 of the addition control lever 960 of 
the grand total accumulator. Under these conditions, 
the add pendent gear train 475 (FIG. 16), one end of 
which is continuously engaged with the actuator sectors 
452, is engaged with the drive gears 488 of the grand 
total accumulator by the add-subtract cam 227 (FIG. 
33) and lever 749 at the end of the downward movement 
of the actuator sectors. This operates to hold the add 
pendent gear train 475 in engagement with the gears 488 
during the upward movement of the actuators so that 
the total value which was extracted from the primary 
accumulator 505 by the total-taking operation and set up 
if the actuator sectors during the down stroke of the 
actuators, is entered into the grand total accumulator 
during the up stroke of the actuators as the actuator sec 
tors are returned to their normal, or "0,' position. Since 
the link 964 has no formation engageable with the for 
ward edge of the add pendent gear tongue 482, and since 
the link 748 (FEG. 37) has been depressed out of engage- 4. 
ment with the tongue 482 at the beginning of the total 
operation, the add pendent gear 475 will not be moved 
into engagement with the selection sector's 331 during 
this operation. 

If the lever 305 is tilted rearward to its subtract position, 
the bail 935 will be moved to the left along the shaft 
986 by the bellcrank lever 995 until the roller 992 is above 
the cam edge 973 of the subtract control lever 972. Un 
der these conditions, as shown in FIG. 34, when the 
TOTAL key is depressed and the bail 985 is rocked by the 
forward movement of the total control link 925, the link 
977 will be raised to bring the foot formation 982 into 
opposition to the extended right-hand end of the shaft 
494 of the subtract pendent gear 490 (FIG. 16), as ex 
plained above. Under these conditions, when the add 
subtract cam 227 rotates, the Subtract pendent gear train 
436 will be meshed with the grand total accumulator drive 
gears 438 at the end of the down stroke of the actuator 
sector operation and will remain in engagement with these 
drive gears during the up stroke of the actuators so that 
the value read out of the primary accumulator 505 and 
set up in the actuator sectors will be subtractively en 
tered into the grand total accumulator 489 as the actua 
tor sectors are returned to their neutral, or “0” position. 
The total-taking operation extracts the value from the 

primary accumulator 505 in the form of its absolute value 
accompanied by an indication of sign which controls the 
symbol printing wheel. This sign indication is not carried 
over automatically to the entry of the value into the grand 
total accumular 489, and accordingly, the operator must 
choose the sign of each such entry by means of key 395. 
Referring again to FIG. 2, a bellcrank lever 1005 is rock 
ably mounted at its angle on a fixed pivot screw 1085 
and has an arm 1607 extending down and rearward from 
the pivot screw. At its distanl end, the arm 1007 is pro 
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vided with an up facing abutment formation 1098 which 
is engaged by a roller 1009 on the carriage tabulator con 
trol cam 233. The bellcrank lever 1005 also has an arm 
1010 extending forward from the pivot screw 1096 and 
provided at its forward end with a V-shaped formation 
1011 disposed immediately below a pin 012, which 
pivotally connects the forward end of the link 996 to the 
lever stem 998. The bellcrank lever 2005 is rocked by 
the roller 1009, in a clockwise direction as viewed in 
FIG. 2, each time the machine cycles, to raise the V 
shaped formation 1011. When the V-shaped formation 
is raised, one side or the other will engage the pin 012, 
depending upon the addition or subtraction position of 
the lever 998, and will return the lever to its neutral posi 
tion at the end of a cycle if the lever has previously been 
set to enter a total value extracted from the primary ac 
cumulator into the grand total accumulator. The lever 
365 thus must be manually set to the selected addition 
or Subtraction position each time a value is entered into 
the grand total accumulator. 
(12). SUB GRAND TOTAL-TAKING OPERATION 
Referring to FIGS. 7 and 36, the SUB GRAND TOTAL 

key 313 has a flat stem 1035 guided for vertical move 
ment in the transverse flanges 816 and 817 of the front 
frame member 184. This key stem has a forward directed 
extension 1036 which rides on the upper edge of the bail 
820 which is rockably mounted on the transverse shaft 
443. As has been previously described in connection with 
the subtotal operation (FIG. 29), the bail 820 has an up 
directed arm 822, at the right-hand side of the machine 
and this arm is pivotally connected at its upper end to 
the forward end of the subtotal control link 823 to move 
this link forward when the bail 820 is rocked either by 
the SUB TOTAL key 315 or the SUB GRAND TOTAL 
key 313. This releases the upper end of the subtotal lever 
850 so that the cam following roller 855 on the arm 834 
(FIG. 30) of this lever can follow the contour of the 
Subtotal cam 225. 
A pin 1637 (FIG. 36) projecting laterally from the 

lower portion of the key stem 1035, engages in the in 
clined slot 1038 of a yoke 1039 which is mounted on the 
shaft 155 and rocks this shaft when the SUB GRAND 
TOTAL key is depressed. Rocking of the shaft 155 
(FIG. 4) enables the main clutch of the machine and 
closes the motor Switch to cycle the machine in the man 
ner described above in connection with the addition and 
Subtraction operations. The bottom end of the key stem 
1035 engages the upper edge of an inner bail 1040 (see 
also FIG. 4), which is also rockably mounted on the 
shaft 155. This bail 1040 has a depending arm 104 
pivotally connected at its lower end to the forward end of 
a link 1427, the rear end of which is pivotally connected 
to the lower end of a depending arm 1428 of a symbol 
printing control bail 1429 rockably mounted on the shaft 
831. A spring 1045, connected between an extension 
1046 on the key stem 1035 and the upper portion of the 
front frame 114, raises the key 313 to its upper position 
when downward pressure on the key is relieved. 
The curved link 1050 (FIG. 36) is pivotally connected 

at its upper end to the distal end of the arm 854 of the 
Subtotal lever 850 (FIG. 30) so that, during this sub 
grand-total operation, cam 225 and roller 855 control the 
movements of the link 1050. Link 1050 actuates a sign 
Sensing mechanism for the grand total accumulator which 
is similar to the sign sensing mechanism shown in FIG. 30 
for the primary accumulator 505. 
A pair of mutually opposed, bellcrank-shaped feeler 

fingers 1051 and 1052 is rockably mounted at their angles 
on a bracket 1053 extending up from the machine base 
i09 at the righthand end of the fixed, or grand total, ac 
cumulator 489, the feeler finger 1951 being supported 
on a pivotal mounting 054 and the sensing finger 1052 
being pivotally mounted on a support 1655. A spring 
1056, connected between up extending arms of the fingers 
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1051 and 1052, urges these arms together. Arms 2057 
and 1058 on the fingers 1051 and 1852, respectively, ex 
tend in or toward each other from the pivotal mountings 
1054 and 1055 and carry, at their inner ends, laterally pro 
jecting pins 1959 and 1066, respectively. A blocking gate 
1061, mounted on a shaft 1662 rockably mounted on the 
bracket 1053, normally engages under the pins 1059 and 
1060 and holds the sensing fingers 1651 and 1052 against 
movement by the spring 1056. An abutment cam plate 
1063, mounted on the link 427, engages a pin 1064 pro 
jecting radial from the shaft 1062 and rocks this shaft 
when the link 1642 is moved rearward in response to de 
pression of the SUB GRAND TOTAL key 353. This 
rocking of the shaft 1062 moves the blocking gate 106 
from under the pins 1059 and 1960 and frees the sensing 
fingers 1051 and 1052 for movement by the spring 1956 
when other conditions, to be presently described incident 
to the freedom of movement of these sensing fingers, have 
been accomplished. 

. After the blocking gate ite6; has been moved from under 
the pins 1659 and 1060 by depression of the SUB GRAND 
TOTAL key 3i3, the sensing fingers i851 and 1852 are 
still held by the link 1050 against movement by the spring 
1056. At its lower end the link 1050 carries a laterally 
projecting pin 1666 which engages under the overlapping 
arms 1057 and 1058 of the sensing finger levers and holds 
these levers against movement until the lobe 92 (FIG. 
30) of the subtotal cam 225 moves from under the cam 
following roller 855. As soon as the subtotal cam lobe 
moves from under the roller 855, the upper end of the 
lever 859 having been released from the hook 845 by 
depression of the key, the sensing fingers 105i and 1052 
(FIG. 36) are free to move, except that one of them will 
still be restrained against movement by a sign Sensing 
gate 1065 (FIGS. 36 and 37). 
The sign sensing gate 1665 is a T-shaped structure, 

pivotally mounted at the midlength location of its cross 
member on gear shaft 660 (FIG. 6) carried by the right 
hand end plate of the fixed, or grand total, accumulator. 
This sensing gate has laterally extending wing formations 
1071 and 1072 and is rocked between two different opera 
tive positions by a tongue 1073 (FIG. 16) extending to 
the left from the end of the stem portion of the member. 
This tongue is engaged by the first order arms, similar to 
the arms 606 and 575 of the positive and negative tens 
transfer levers 559 and 557 of the primary accumulator 
505, as shown in FIGS. 19 and 22. 
With this arrangement, when the total in the grand total 

accumulator is positive, the sensing gate 1065 will be 
rocked counter-clockwise to block the finger 1052 (FIG. 
36) and to release the finger 1051 so that this finger can 
engage the projecting right-hand end of the gear shaft 
480 of the positive pendent gear assembly 475 (FIG. 16) 
to move this pendent gear assembly into mesh with the 
accumulator drive gears 483 to positively read out the 
positive value in the accumulator during the down stroke 
of the actuator sector operating bail 453. When the value 
in the accumulator is negative, the gate 1065 is rocked to 
block the positive sensing finger 1051 and free the nega 
tive sensing finger 1052 to engage the projecting right 
hand end of the gear shaft 495 of the negative pendent 
gear assembly 490 to engage this assembly with the drive 
gears 488 of the fixed accumulator to read out the nega 
tive value in this accumulator during the down stroke of 
the actuator sector operating bail 470. 
The values read out of the grand total accumulator into 

the actuator sectors, are printed at substantially the mid 
point of the cycle, as will be presently described, and 
after this has been accomplished, the value is returned to 
the grand total accumulator during the upstroke of the 
actuator 470, since the restricted lobe on the subtotal cam 
will not move the link 1050 and the sensing fingers i051 
and 1652 to release the actuated pendent gear assembly 
from the accumulator drive gears until substantially the 
end of the subtotal-taking cycle. 
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A pin 1074 (FIG. 36), projecting to the left from the 

upper portion of the up extending arm of the sensing 
finger 051, engages the positive blocking bail 711 (FIG. 
32) to move this bail to blocking position when the lever 
A35 is moved to mesh the positive pendent gear assem 
bly with the accumulator drive gears, and a similar pin 
1075 projects from the upper portion of the up extending 
arm of the lever 1052 to move the negative blocking bail 
713 (FIG. 32) to blocking position when the lever 1052 is 
moved to engage the negative or subtractive pendent gear 
train with the accumulator drive gears. 

(13) GRAND TOTAL-TAKING OPERATION 
Referring to FIGS. 7 and 37, the GRAND TOTAL 

key 36 has a flat stem i076 guided for vertical move 
ment in the transverse flanges 86 and 817 of the front 
transverse frame member 14. This stem carries a later 
ally projecting pin 1077 which rides on the upper surface 
of a forward projecting finger 1078 of the bail. 922 (see 
also FIG. 31). This total bail 922 is rockably mounted 
on the transverse shaft 443, as previously described, and 
is resiliently urged in a clockwise direction to its inopera 
tive position by the spring 923. The up projecting arm 924, 
at the right-hand end of this bail, is pivotally connected 
at its upper end to the forward end of the total control 
link 925, as previously described, and near its rear end, 
the link 925 carries a laterally projecting pin 927 which 
rocks the lever 929 rockably mounted on the transverse 
shaft 843. As was described in detail in the total-taking 
operation (FIG. 31), the lever 929, when rocked, disen 
gages the hook 845 from the upper end of the lever 850 
to free this lever, simultaneously sets the detent pawl 940 
against the abutment 852 at the upper end of the lever 
850 to latch the bellicrank lever 935 to the lever 950 so 
that movements of this lever will be controlled by the 
total can 226 instead of the subtotal cam 225, and through 
ear 930 (FIG. 90), rocks bail 842 and lever 751 (FIG. 
31) to lower shoulder 754 of the link 748 below ear 482 
of the front add pendent 475. 
Near its lower end, the key stem 1076 (FIGS. 27 and 

37) carries a laterally projecting pin iO79 engageable in 
the notch 1080 in a yoke 1081 mounted on the shaft 155. 
When the key 318 is depressed, the action of the pin 1079 
on the yoke 1031 rocks the shaft 155 to engage the main 
clutch of the machine and close the motor switch so that 
the machine will cycle, as has been previously described. 
The bottom end of the key stem 1076 rests on the 

upper edge of the bail 1940 to rock this bail and move 
the link 1427 rearward so that the abutment cam plate 
1063 on this link will swing the blocking gate 1061 to 
its inoperative position. At its rear end, the link 1427 is 
pivotally connected to the lower end of the depending arm 
1428 of the symbol printing control bail 1429, the opera 
tion of which will be later described. 
The operation of the link 1050, the spring 1056, and 

the sensing finger levers 1051 and 1052, in meshing the 
positive pendent gear assembly 475 and the negative pend 
ent gear assembly 499 with the drive gears of the fixed, 
or grand total accumulator, is the same as that described 
above in connection with the sub grand total operation, 
except that the operation of the link 1059, being now 
under the control of the total cam 226 after the value 
has been read out of the fixed accumulator and printed, 
the associated roller will ride back onto the lobe, or high 
portion of the total cam and the fingers 1051 and 1052 
will be immediately retracted, disengaging the activated 
pendent gear assembly so that the value read out of the 
accumulator during the down stroke of the actuating sec 
tors will not be returned to the accumulator during the 
up stroke of the actuator. The grand total accumulator 
will thus be left in a zeroized, or cleared, condition at the 
end of the grand total cycle. 

(14) PRINTING OPERATION 
Referring particularly to FIG. 16, the ordinally ar 

ranged print wheel drive gears 486 are in mesh with the 
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coordinal gears 481 of the add pendent gear train 475, 
and the gears 435 are constantly in mesh with the Co 
ordinal actuator sectors 453. With this arrangement, the 
drive gears 486 will be turned an amount proportional 
to the movement of the coordinal actuator sectors 450 
during the down stroke of the actuator 453 and will be 
returned to their “0” position during the up stroke of 
the actuators in which the actuator Sectors 450 are re 
turned to their normal, or "0,’ position. 
A plurality of ordinally arranged print wheel carriers 

1885 is rockably mounted on a transverse shaft 886. 

5 

0 

Each of these carriers carries a rotatably mounted idler 
gear 5087 which meshes with the coordinal drive gear 
486 when the carrier is in its normal, or retracted, position, 
as illustrated in FIG, 16. Each carrier also carries a print 
wheel 1088 having digit values from “0” to "9" uniform 
ly spaced around the periphery thereof, except that the ex 
treme right-hand print wheel carries machine operation 
symbols instead of digit values, as will be later explained. 
Each print wheel has, at one side thereof, a gear ii. 89, 
the teeth of which mesh with the coordinal idler gear S887 
so that the print wheels will be set to values correspond 
ing to the movements of the coordinal actuator sectors 
459. A paper-carrying platen a 990 is disposed immedi 
ately to the rear of the print wheels 1089 and is mounted 
on a rotatable shaft 092 which is given an increment of 
rotational movement, as will be later explained, immedi 
ately after each printing operation so that the values print 
ed by the printing, or type, wheels will be properly spaced 
lengthwise of the paper or strip on which the values are 
printed. The platen also moves longitudinally with the 
paper carriage in which it is mounted, as will be later de 
scribed in detail. 

Each print wheel carrier 385 has a rearward extending 
tail portion 1092 (FIGS. 16 and 57), and a spring 1093 : 
is connected between the rear end of each tail portion 1692 
and the transverse shaft 527 to rock the carriers in a man 
ner to strike the print wheels against the front side of the 
platen 1090 when the carriers are released. The carriers 
are normally held in their retracted position by a trans 
verse bail rod 1994 which extends transverse the machine 
and upon which the rear end portions of the tail forma 
tions 1092 of the print wheel carriers rest. 

Referring to FIGS. 20 and 48, the print control bail 
rod 1894 is supported at its ends by bail legs, the left 
hand one of which is shown in FGS. 20 and 48 and 
indicated at 1895. These baii legs are rockably mounted 
on the shaft 1086 (FIG. 20) on which the print wheel 
carriers are mounted, and are urged down at their rear 
ends by individual springs, as indicated at 1996. The 
bail rod 1894 extends through the vertical frame plates 
107 and 108 and moves through substantially vertical 
slots in these frame plates, as indicated at 1897, for the 
plate 107. 
As shown in FIG. 48, an arm 1898 is rockably mount 

ed on the print wheel idler gear shaft 487 and carries at 
its other end a cam following roller 1899 which is dis 
posed above, and rearward of, the main drive, or cam, 
shaft 135 and rides on the periphery of the print control 
cam 220. An arm 160, also mounted on the shaft 487, 
is fixed at its forward end to the upper end of the arm 
1698 and has the upper edge of its rear end disposed 
beneath a pin 162 carried by the bail leg 695. 
The cam 220 has a deep low portion 102 of limited 

angular extent, which low portion comes into registry 
with the cam following roller 1999, approximately 180° 
after the beginning of the machine operating cycle and 
just after the actuating sector rod 453 (FIG. 16) reaches 
the end of its down stroke. The rollier 899 is in the low 
portion 1102 during the middle portion of the cycle. 
While the rod 453 dwells at the bottom of its stroke and 
just before the rod starts its up stroke, the roller (99 
rides out of the low portion 102 and restores the print 
wheel carriers to their normal, or full-cycle, position. 

Each of the print wheel drive gears 486 has a cylin 
drical hub 103 (FIGS. 16 and 57), having therein a 
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peripheral notch i94. Ordinally arranged Zero foil 
latches i85 (FIG. 57) are rockably mounted on a trans 
verse shaft 1106 and engage the coordinal print wheel 
carriers 4085 at shoulders 1188 to hold these carriers 
against printing movement. Each zero foil lever has a 
tongue 107 sensing the position of the notch 1104 in 
the coordinal drive gear hub and the arrangement is such 
that, when the actuator sector 450 and its coordinal print 
wheel 1088, are in their normal or "0" position, notch 
11e4 is aligned with tongue 1197 of zero foil latch 105. 
When tongue 1137 falls into notch 104, the print wheel. 
carrier of that order is latched at 108. Also, each latch 
1195 that is in carrier-releasing position (print-permitting 
position as shown in FIG. 57) holds the latch to its right 
(next lower order), also in carrier-releasing position. 
However, those zero foils to the left of the highest order 
print wheel which has been set to non-zero value, will not 
be released and will hold those print wheel carriers against 
movement so that zeros will not be printed to the left of 
the highest significant digit value of the printed item. As 
this mechanism is well-known to the art, a more detailed 
description is considered unnecessary for the purposes of 
the present disclosure. 
(15) PAPER CARRIAGE SHIFTING OPERATION 
Referring to FIGS. 2 and 49, the platen 1096 is mount 

ed in a carriage 158 which is movable transverse the ma 
chine for crossfooting and other purposes. The carriage 
has right-hand and left-hand side plates S.51 and 1112, 
respectively, and a flat, or table, structure 113 extending 
between the side plates. The rear portion of the table 
structure is flush with the top edges of the side, or end, 
plates of the carriage, but the forward portion of this 
structure is inclined down and forward from about the 
mid-length portion of the carriage, and has a partly cylin 
drical forward portion extending under the platen 090, 
as is particularly shown in FIG. 49 and indicated at 1114. 
The platen shaft ié91 extends through, and is jour 

nalled in, the side plates E1 and 1152 of the carriage 
and carries at its ends, as indicated in F.G. 2, knobs 
ii.15 for manually rotating the platen. Adjacent the sides 
of the side walls, the shaft 1694 carries ratchet wheels 
1156 (FIG. 50) which constitute a portion of the auto 
matic paper feed. A lever 1117 (FIG. 2) is pivotally 
mounted intermediate its length on the right-hand end 
of a bail rod Éii 8 (FIGS. 2 and 49) which extends trans 
verse the carriage, rearward of the platen 1090 and below 
the down-inclined forward portion of the table structure 
1123. At its front end, this lever carries a dog forma 
tion 159 which is engageable with the teeth of the 
ratchet wheel ió to turn the shaft 095 and the platen 
5090. At its rear end the lever 17 is provided with cam 
edge i20 which rides under a roller 1125 rotatably 
mounted on the right-hand end plate 1111 of the carriage. 
The bail rod 1118 is supported at its ends by suitable links 
extending up from the bail rod, and connected at their 
upper ends to the end plates of the carriage, the right 
hand link being shown in FIG. 2 and indicated at 1122. 
This link or bail leg is supported on the right-hand car 
riage end plate 15:1 by a pivotal mounting 123. A 
stop 124, acting between the link 222 and the carriage 
end plate, limits the rearward movement of the bail rod 
i118, and a spring 1125, connected between the lever 
1117 and the link 1122, maintains the cam edge 1120 
of the lever against the roller 121. A spring 133 urges 
the link 222 and bail rod 18 forward. 
A setting lever 126 (FIGS. 2 and 50) has an enlarged 

portion journalled on the platen shaft 1091 adjacent the 
ratchet wheel 1116. The enlarged portion of the lever 
is provided, rearward of the platen shaft 1091, with 
spaced detent notches which are selectively engaged by 
a detent pin 127 (FIG. 50). The detent pin 1127 pro 
jects from the lower end of a detent lever 1128, pivotally 
mounted at its upper end on a pivotal support ii.29 and 
urged by a spring 1130 in a direction to press the detent 
pin i27 into the notches in the rear portion of the lever 
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1126. The enlarged portion of the lever 1126 carries 
a pin 131 which underies the low edge of the forward 
end portion of the lever 1117 to control the position of 
the forward end of this lever relative to the ratchet wheel 
1116. When a knob 1132 on the free, or distal, end of 
the lever 126, is moved down to a position predeter 
mined by the detent mechanism, the dog formation i:19 
is raised so that it will engage a ratchet wheel tooth which, 
during the rearward movement of the lever 17, will 
impart a rotational movement to the ratchet wheel and 
the platen sufficient to single space the items printed on 
the paper extending around the platen. When the knob 
1132 is moved up, the dog formation 1189 is lowered, so 
that the feed mechanism will double space the items 
printed. 
A bail-shaped lever 1135 (FIG. 49) is rockably mount 

ed at one end on a shaft 136 and has at its other end 
a foot formation 1137 bearing against the forward side 
of the bail rod 18. The lever 1135 is mounted on the 
fixed portion of the machine but, as the bail rod 118 
extends entirely across the shiftable carriage, rocking 
movement of the lever 1135 will move the bail rod 118, 
regardless of the position of the carriage, transverse the 
machine. An arm 1138 is mounted on the right-hand 
end of the actuator shaft 451 (FIGS. 16 and 57) and this 
arm carries at its outer end a laterally projecting pin 1139. 
An extension 1140 of the lever 1135 rides on the pin 1139 
so that the lever 1135 is rocked during each machine 
cycle to move the bail 118 and turn the platen 1190. The 
arrangement is such that the springs 1133 move the bail 
1118 forward to follow the foot formation 1137 of the 
lever 135 during the down stroke of the actuator bail 
453 and the platen is turned to feed the paper on the 
up stroke of the actuator after printing has taken place. 
The bail-shaped lever 1135 (FIG. 49) has a second 

arm 1141 extending up from the shaft 1136 and carrying 
at its upper end a laterally projecting pin 1142. A lever 
i283 (FIGS. 2 and 49) actuated by the tabulating mech 
anism has, at its forward end, a hook formation en 
gageable with the pin 142 to disable the lever 135 
and prevent feeding of the paper during cross-listing. In 
addition, a hook (not shown) on the forward upper part 
of a lever 1287 (FIG. 2) is lifted to engage pin 1142 
for preventing the feeding of paper during nonprinting 
operations of the machine, such as keyboard clearing, 
multiplication and division. 
A hand knob 1109 (FIG. 38) is provided on the left 

hand end of the platen shaft 1091, and a detenting wheel, 
not illustrated, is mounted at the outer side of the left 
hand end plate 112 and is engaged by a detenting lever 
to releasably hold the platen in the positions to which 
the platen is turned by the paper feed mechanism, pre 
viously described. 
The carriage is of the type referred to in the art as 

a front feed carriage and is provided at its front end 
with upstanding arms disposed one at each end of the 
platen 1090. The left-hand arm is shown in FIG. 49 and 
indicated at 1145, and a reinforcing crossbar 1146 extends 
between, and is fastened at its ends to the upper ends of 
the left-hand and right-hand arms. A transparent plate 
1147 extends between the arms below the crossbar i146 
to permit visual inspection of a paper, or form, as it is 
placed in the machine. The left-hand arm 145 and the 
corresponding right-hand arm are rockably mounted at 
their lower ends on fixed pivots disposed below the platen 
shaft 1090. An upward and rearward inclined paper 
guide 148 is disposed rearward of the platen and is 
rockably mounted in the carriage at pin 1149. The lower 
corners of this paper guide carry the ends of the platen 
shaft 1691 and are connected to the arms supporting the 
bar 1146 so that when this bar is pulled forward and 
down, the platen is raised above the table formation 1114 
and the distance between the bar 1:46 and the upper 
edge of the guide 1148 is increased to facilitate placing 
the paper in position to be passed under the platen. 
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A paper pressure roller 1150 is disposed immediately 

above the platen and supported at its ends by the distal 
ends of lever arms, as indicated at 1151, rockably mounted 
on the paper guide 1148, as indicated at 1152. There 
is a lever arm 151 at each end of the platen and each 
of these arms has an upward extension 153 which Sup 
ports a reinforcing bar 1154, above, and parallel to, 
the pressure roller assembly 1150. Each of the pressure 
roller supporting levers also has a second arm 1155 ex 
tending up and forward from its pivotal mounting 1152 
and is provided at its upper end with a hand knob 
1156. By moving either of the hand knobs 1156 rear 
ward, the pressure roller 1150 is raised above the platen 
to facilitate placing the paper between the platen and the 
pressure roller. 
Near its front end and immediately to the rear of the 

platen 699, the carriage is supported on a transverse bar 
1157 having, on its bottom surface, a rib 1158. This 
bar is supported on grooved rollers 1159 (FIG. 2). Near 
its rear end, the carriage is supported on a transverse bar 
i160 which extends between upper and lower rollers 
1161 and 1862 (FIG. 51) mounted on brackets 1163 
and disposed, one at each side of the machine, on rear 
plate 113. These supports enable the carriage to move 
freely, transverse the machine. The "return,” or right 
hand, shifting movement is imparted to the carriage by 
the shift clutch 254, 256 through the shaft 284 (FIGS. 
3 and 51). 
The shaft 284 extends up from the gear 285 and a 

sleeve 1170 (FIG. 51) is supported on the upper end of 
this shaft. At its upper end, the sleeve 1170 is provided 
with a spur gear 1173 which meshes with the teeth of a 
rack 1172 which extends transverse the lower portion 
of the paper carriage. The lower end of the sleeve 1170 
is formed as a clutch dog element 1173 and a complemen 
tary clutch dog element 1174 is rigid on the shaft 284 
immediately below the element i73. Above the ele 
ment 1173 the sleeve 1170 is provided with an annular 
groove 1375 and a lever 1176 carries, at its forward end, 
a pin 177 engaged in the groove 1175 for lowering and 
raising the sleeve is 70 to engage and disengage the clutch 
elements. The lever 1176 is rockably mounted, inter 
mediate its length, on a pivotal support 1178 mounted on 
the fixed left-hand frame plate of the machine, and the 
lever extends rearward from this pivotal mounting and 
is provided at its rear end with an abutment formation 
1179. An elongated lever 1589 (FIG. 52) is rockably 
mounted intermediate its length on the back cross plate 
i3 of the machine by a pivotal mounting i181 and has 
its left-hand end (right in FIG. 52) overlying the lever 
1176 and provided with an abutment formation 1182 
which bears on the abutment formation 1179 of the lever 
1176. The upper edge of the left-hand end portion of 
the lever £80 is provided with an inclined cam, or ramp, 
formation 1183. Near its opposite or right-hand end, the 
lever 1588 is provided with an up extending tongue 1184, 
the upper end of which is directed forward to provide a 
hook engageable with steps on a latch lever 1185, shown 
in detail in F.G. 54. 
The latch lever 1185 is rockably mounted at its lower 

end on a fixed pivotal mounting 186 and is provided on 
its top edge with step formations 1187 and 1188. This 
lever is also provided with an upstanding trigger arm 
189 disposed to the left (right in FIGS. 52 and 54) of 

the highest step formation 1188, the purpose of which 
trigger arm will presently appear. 
A bar 190 (FIGS. 49, 52 and 53), of rectangular 

cross-sectional shape, extends entirely across the rear side 
of the carriage and this bar is provided in its upper and 
lower edges with uniformly spaced grooves, or notches, 
191 for receiving stop plates, as indicated at 1192, 1193 
and 1194 (FIG. 52). These stop plates are held in place 
on the bar i96 by a rod 195 which is disposed rearward 
of, and parallel to, the tabulator bar 1190, and extends 
through the several stop plates. This rod is detachably 
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fastened at its ends to the end plates of the carriage frame 
so that it can be removed for permitting rearrangement 
of the stops along the bar 190. Each stop plate, Such 
as plate 192, has a series of teeth 299 along its lower 
edge. These plates have various patterns of teeth for 
controlling different parts of the carriage shift operation. 
Thus, plate 192, shown in FIG. 53, has its lower teeth. 
omitted at the second and third tooth positions, counting 
from the front of the plate (left side in FIG. 53). The 
second tooth position is aligned with cam 83 and trigger 
189 (FIG. 52). The third tooth position is aligned 

with a lever 1276, and the fourth position with a tabulator 
stop 1252, both of which will be described presently. The 
plates are invertible and each has a second set of teeth 
298 which may be used for providing additional pat 

terns of carriage operations. 
When the carriage is in its extreme right position (left 

in FIG. 52), the leftmost stop plate, such as 194, de 
presses the left-hand end of the lever 180 and the rear 
Ward end of the lever 376 raises the front end of the 
lever 576 and the pin 177 (FIG. 51), and moves the 
sleeve 70 with its clutch element 173 up, so that the 
clutch element 373 is disengaged from the clutch ele 
ment 174 and the power-operated carriage shifting 
means is disabled. Trigger lever E85 latches lever 180 
in this power-off position. When the carriage has moved 
to its extreme left position, the rightmost stop plate en 
gages the nose SE89 of the latch ever 35 and rocks the 
upper end of this latch lever to the left (right in FIG. 
52), thereby moving the upper step formation 288 out 
from under the ear formation 184 on the lever 189. 
When this happens, a tension spring 1199 (FIG. 51) con 
nected between a fixed spring anchor E96 and a down 
sloping furcation 197 of the lever 1976 pulls the front 
end of the lever 176 down and engages the clutch ele 
ments 73 and 1174. The shaft 284 then drives the 
gear E75 and shifts the carriage in a right-hand direction 
until the stop plate 194 again rides up on the cam edge 
1:33 of the lever i30 and again disengages the clutch. 
When the right-hand end of the lever 130 is raised by 
depression of its left-hand end by the tabulation stop 
1193, a spring i98 rocks the latch lever 85 to the 
right and re-engages the step formation 1187 under the 
ear 84 to hold the lever 1180 in clutch-disengaging 
position. 
At the time that the levers 18 and 1276 are released 

by latch E85 to cause the spring 1199 to engage the 
clutch elements 173 and 174, the forward end portion 
of the furcation 97 (FIG. 51) of the lever 76 en 
gages a pin i200 projecting laterally from the distal end 
of an arm 120 mounted on the shaft 265 and rocks this 
shaft in a clockwise direction, as viewed in FIG. 51. The 
shaft 265 extends through, and is journalled in, the 
left-hand frame plate E6 of the machine, as shown in 
FIG. 55, and as has been previously explained, the shaft 
265 carries, on its left-hand end, the arm 264, the distal 
end of Which is pivotally connected to the upper end of 
the resiliently compressible strut 263 (FIG.45) which 
is effective to engage the shift clutch mechanism of the 
machine when the shaft 265 is rocked in the clockwise 
direction, as viewed in FIG. 51, or the counter-clockwise 
direction, as viewed in FIG. 55. Engagement of the 
shift clutch, by turning the control arm 259 (FIG. 3) and 
the interlock between the shift clutch and main drive 
clutch, has been previously described. 

Referring now to FIG. 38, the carriage is resiliently 
urged in the left-hand direction by a flexible tape 126 
which is connected at one end to the underside of the 
carriage near the right-hand end thereof and is carried 
over a roller i25 (FIG. 51) mounted on the upper por 
tion of the left-hand frame plate 10 of the machine. At 
its other end, the tape is wound on a cylindrical spring 
barrel 212 (FIG. 38) which is rotatably mounted on a 
fixed shaft 213 carried by the left-hand frame plate 202 
of the machine. A clock spring, not illustrated, is wound 
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in the barrel 1212 and resiliently rotates the barrel in a 
direction to wind the tape 120 into the barrel and pull 
the carriage from right to left. 
When the carriage has been moved by the spring pow 

ered barrel 22 to a predetermined left-hand position and 
the right-hand stop plate engages the trigger arm 189 
(FIG. 52) of the latch lever 185 and moves this latch 
lever to release the lever 1189, the spring 1199 (FIG. 51) 
becomes effective to rock the lever 176 in a direction to 
raise the rear end of this lever and lower the front end 
thereof to engage the shift clutch. Raising of the rear end 
1179 of the lever 176, raises the left-hand end of the 
lever 180 (right end in FIG. 52) and lowers the right 
hand end of this lever. At its right-hand end, the lever 
186 rests on the rear end portion of an arm 1202 
(FIG. 2) of a bellcrank lever 1203. This bellcrank lever 
1203 is pivotally mounted at its angle on a fixed pivot 
1204 and has a depending arm 1205, carrying at its lower 
end an eccentrically mounted abutment element 1206, 
Which bears against the rear side of the switch control 
arm 24, all as shown in FIG. 2. When the lever 80 is 
rocked to lower its right-hand end (left side of FIG. 52), 
the lever 203 is rocked thereby in a clockwise direction, 
as illustrated in FIG. 2, and moves the switch arm 124 to 
close the motor controlling switch 323 of the machine. 
The lever 203 does not, however, move the main clutch 
controlling link 60 and arm 159 (FIGS. 2 and 3) and, 
since the shift clutch control arm has been set to opera 
tive position through arm 1197, shaft 265 and link 263 
(FIGS. 51, 55 and 3), closing of the motor switch 123 
Will actuate the shift mechanism of the machine. When 
the carriage has been returned to its right-hand position 
and the leftmost stop plate 1194 engages the cam edge 
183 of the lever 1180, raising the right-hand end of this 

lever, the lever 203 will be released and a spring 1207 
Will then rock the lever 1203 in a counter-clockwise di. 
rection, as illustrated in FIG. 2, permitting the switch 
control arm 124 to move to its switch-opening position 
and stop the machine. 

Tabulating operation of the carriage is controlled by 
manually rocking either one of two levers 215 (FIGS. 
2 and 52) and 26 (FIGS. 38 and 82), rockably mounted 
on the right-hand and left-hand end walls 111 and 2 
of the carriage. These levers are of geniculate shape and 
are fixed to opposite ends of a shaft 128 journalled in the 
paper carriage. Each lever has an arm directed up and 
forward from the corresponding pivotal mounting and 

- carrying a hand knob on its upper end. The handknob 
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for the lever 1215 is indicated at 129 in FIG. 2, and the 
knob for the lever 216 is indicated at 1220 in FIGS. 38 
and 82. Each of these levers has an arm extending rear 
Ward from the corresponding pivotal mounting and a bail 
rod 221 (FIGS. 49, 51 and 52) extends between, and is 
fixed to, the rear ends of the levers 215 and 126. The 
bail rod is detented and partially controlled by right-hand 
and left-hand detent levers 222 and 1223 (FIGS. 2, 49, 
52 and 82) rockably mounted at their upper ends on the 
corresponding end plates of the carriage and pulled into 
engagement with the bail rod 221 by tension springs 1224 
and 1225, respectively. These detent levers have notches 
(FIG. 82) for resiliently holding the bail rod 122 in 
either its uppermost, or its central position. The lower 
face of the central-position notch is elongated to permit 
the bail to be moved manually to its lowest position while 
continually urging it back to its central position. 
Abail member 1226 (FIGS. 2 and 52) extends longitu 

dinal of the machine at the rear end of the right-hand 
frame plate 103 and is rockably mounted on a shaft 1227 
which is mounted on a bracket 1228 carried by the right 
hand frame plate 103. This bail has, at its forward end, a 
leftward extending arm 1229, carrying at its left-hand end 
a pair of vertically spaced pins, or rollers, 1230 and 123 
(FIGS. 49 and 52) between which the bail rod 122 is 
engaged. With this arrangement, when one of the levers 
1215 or 216 is pulled forward, the bail rod 122 is raised 
and the bail 1226 is rocked in a counter-clockwise direc 
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tion, as viewed in FIG. 52. Conversely, when either of 
the levers 25 or 26 is moved rearward, the bail rod 
1224 is lowered and the bail 227 is rocked in a clockwise 
direction. The bail 226 has, at its rear end, an arm 232 
(FIG. 52) extending down from the shaft 227, and 
provided at its lower end, with an up facing hook forma 
tion 233 and has an arm 1234 extending to the left (right 
in FiG. 52) from the arm 232, somewhat below the 
shaft 1227 and provided at its left-hand end with a down 
facing abutment formation 1235. 
A carriage stop lever 1246) (FIG. 52) of geniculate 

form is rockably mounted at its angle on a movable pivot 
1241 carried at the upper end of one arm 1245 of an 
L-shaped lever 1246 mounted at its angle on a fixed pivot 
1247 carried by the rear frame plate 113 of the machine 
below the movable pivot 241. The lever 124) has a first 
arm 242 extending down from the pivotal mounting 
124A, and a second arm 1243 extending to the right from 
the pivotal mounting 1245. A spring 244 is connected 
to the lower end of the arm 242 and tends to rock the 
lever 1240 in a direction to raise the right-hand end of 
the arm 1243. The arm 1245 of the lever 1246 extends 
up from the fixed pivotal mounting 1247 and carries the 
movable pivotal mounting for the lever 1240 at its upper 
end. A second arm 1248 of the lever 1246 extends to the 
left from the fixed pivot 1247 and under a fixed stop 1249 
which limits rocking movement of the lever 246 in a 
counter-clockwise direction, as viewed in FIG. 52, and as 
urged by the spring 1244. On the upper end of arm 245, 
the lever 246 is provided with a left facing abutment 
formation 250, and a fixed stop 125 is spaced to the left 
of the end of the abutment formation 1250 to limit rock 
ing movement of the lever 246 in a clockwise direction, 
as viewed in F.G. 52. 
The right-hand end of the lever arm 1243 (left in FIG. 

52) is provided with the abutment formation, or tabulator 
stop, 1252 having a substantially vertical edge facing to 
the right, and with an extension 253 extending to the 
right below the abutment formation 1235 on bail arm 
234. A pin (254 extends to the rear from a leftward 

projecting arm 1255 (FIG. 54) of the latch lever E85 
and bears on the upper edge of the extension 253. As 
previously noted, abutment E252 is aligned with the fourth 
tooth position (fourth from the left in FIG. 53) of the 
tabulator plates 2.92. 
When the paper carriage has moved to the left to a 

position at which a stop plate, like plate 1192 mounted on 
the tabulator bar 190, strikes the upward projecting trig 
ger formation 1189 of the latch lever 1185 and rocks this 
lever in a clockwise direction, as illustrated in FIG. 52, 
the pin 1254 moves down and holds the abutment forma 
tion 1252 down so that the stop plates will not ratchet 
over this portion of the stop lever 1243 as the carriage is 
returned to the right. When the carriage has been re 
turned to the selected right-hand position, the leftmost 
tabulator stop will ride up on the cam edge 1183 of the 
lever 180 and raise the right-hand end of this lever (left 
end in FIG. 52). This permits the spring 98 to rock 
the latch lever 585 in the counter-clockwise direction, as 
viewed in F.G. 52, raising the pin .254. The spring 1244 
then rocks the lever 240 to raise the abutment forma 
tion 1252 to a position at which the abutment formation 
will catch the adjacent stop plate and hold the carriage 
in the selected right-hand position. It will be noted that 
after the right-hand shift drive has been disconnected and 
the appropriate tabulator stop has engaged the abutment 
formation 1252, the stop lever 240 will be moved a short 
distance to the left until the abutment formation 1250 on 
this lever engages the fixed stop 25i, at which time a 
solid stop against left-hand movement of the carriage is 
provided. 

Still referring to FIG. 52, a lever 1256 is rockabiy 
mounted substantially at its midlength location on the 
fixed pivot 1186, and an arm 1257 is rockably mounted 
at its lower end on the left-hand end of the lever 1256 by 
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a pivotal connection 1258. This arm i257 projects up 
from the left-hand end of the lever 256 and is rocked by 
a spring 259 to an angular position relative to the lever 
E256 determined by a stop construction 1260. At its 
upper end, the arm i257 is provided with a down facing 
hook formation 126, which hook formation is engage 
able with a pin 1262 projecting from the lever arm 243 
near the distal end of this lever arm. A spring 263 urges 
the lever 256 to rock in a counter-clockwise direction, as 
viewed in FIG. 52, to move the hook formation 1261 
above, and into engagement with, the pin 1262. The 
spring 1259 permits the latch arm, or pawl, 1257 to rock 
sufficiently to pass the hook formation 261 by the pin 
262 when the latch arm 1255 is raised and stop lever 
1240 rests against its stop 251. When latch arm 1256 
is lowered and lever 1240 escapes to the right (left in 
F.G. 52) the stop construction holds hook 1261 so that 
it releases pin 1262. The lever 256 extends to the right 
through the side plate 63 and is provided at its right 
hand end with a down facing abutment formation 1264. 

Referring to FIG. 2, an elongated lever 1270 extends 
longitudinal of the machine and is rockably mounted ad 
jacent its midlength location on a pivot screw 1271 carried 
by the upper portion of the frame bracket 112. At its 
forward end, this lever carries a laterally projecting cam 
roller 22 which engages the edge of the cam 233 mount 
ed on the main drive shaft 135. With this arrangement, 
the lever 270 will be rocked during certain cycles of the 
machine and will terminate this rocking movement with 
its rear end at the top of the vertical movement of this 
end of the lever. At its rear end the lever 1270 has an 
up facing abutment formation 1273 which lies beneath 
the down facing abutment formation 1264 at the right 
hand end of the lever 256 (FIG. 52). 

During the second half of a machine cycle in which 
the lever 270 is rocked, the lever 1256 is rocked by the 
lever 1270 to pull the hook arm, or pawl, 257 down 
and thereby release the stop plate engaging the abutment 
formation 252 of the stop lever 243 from this abutment 
formation. The hook 26 pulls off of the pin .262 in 
time for the abutment formation 252 to rise and catch 
the next stop plate and thereby stop the carriage at the 
next selected position. Thus, when the arms 1215 and 
326 are in position, such that the bail rod 1221 is raised, 
the carriage will be stepped to the left to Successive posi 
tions determined by the placement of the stop plates, such 
as the plates 1192, 1293 and 1194, along the tabulator 
stop bar 1598. 
When the bail rod 122 is raised by movement of the 

evers 215 and 126, the hook 1233 on the lower end 
of the bail arm 1232 is engaged under the rear end of 
the lever 1270, thereby disabling this lever to rock the 
lever 1256. At the same time, the abutment 1235 is 
raised from the extension 253 on the stop lever arm 1243 
so that the stop lever abutment remains in its raised posi 
tion. This upward movement of the bail rod 1221 thus 
disables the tabulating mechanism and the carriage will 
remain in any position to which it has been moved before 
the levers 2:5 and 126 were moved forward. When 
bail 221 is in its central position the tabulating functions 
are automatic. When the bail 122 is held manually in 
its lowest position, abutment 235 on bail lever 1234 
(FIG. 52) engages extension 253 and lowers tabulator 
stop abutment 252 below the stop plates, such as 1193, 
so that the carriage can be moved manually to any posi 
tion. 
A lever 274 (FIG. 52) is rockably mounted inter 

mediate its length on a pivotal mounting 1275 carried 
by a bracket 236 disposed parallel to, and rearward of, 
the back plate 113 of the machine. This lever 1274 has 
an arm 276 extending to the left (right in FIG. 52) 
from the pivotal mounting 275 and provided intermedi 
ate its length with a cam edge 1277 inclined up and to 
the left. A straight edge of the lever extends to the left 
from the upper end of the cam edge 277, and the left 
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hand end of this straight edge is curved down to provide 
a ramp for the stop plates. The lever 274 also has a 
second arm 1278 extending to the right from the pivotal 
mounting 275 and provided at its right-hand end with 
an up facing abutment formation, - 
A lever 280 (FIG. 2) is disposed at the outer side of 

the right-hand frame plate 103 and is pivotally mounted 
at substantially its midlength position on a fixed pivot pin 
128. This lever bears at its rear end on the abutment 
formation at the right-hand end of the lever arm 1278 
(FIG. 52) and is provided at its other, or forward, end 
with a longitudinal notch, or slot, receiving a pin 1282. 
The pin 1282 is carried at the rear end of the lever 1283 
pivotally mounted at substantially its midlength location 
on a fixed pivot stud 284 projecting from the right-hand 
end of a transverse bridge member 1895 (FIG.55). The 
forward end of the lever 1283 is turned down to form a 
hook which, when the lever is rocked in the counter-clock 
wise direction, as viewed in FIG. 2, engages the pin 1142 
(FIG. 49) and disables the paper feed or spacing mecha 
nism of the machine. The hook arm is pulled down to 
disable the paper feed by a spring 1289 and is raised to 
release the paper feed when the left-hand end of lever 
1274 (FIG. 52) is depressed. The left-hand end of lever 
1274 will be depressed to release the paper feed when 
the paper carriage is in its terminal right-hand position, 
but will maintain the paper feed disabled during tabulat 
ing operations of the carriage. The rear end of lever 1286 
has a lateral arm 1280a extending to the left (FIG. 52), 
and an abutment overlying arm 234 of bail lever 1226 
near the midpoint of that arm. When bail rod 221 is 
raised to its uppermost position to set the carriage for non 
tabular operation, arm 234 lifts arm 1280a for lifting the 
hook of arm 283 (FiG, 49) from pin 142 for permitting 
the paper feed to operate. 
A blocking lever, or dog, 285 is fixed at its upper end 

on the right-hand end of a transverse shaft 236 (FIG. 
2). As shown in FIG. 48, a lever 1352 is fixed at its 
upper end on the left-hand end of this shaft and is 
engaged at its lower end with the upper end of a print 
control lever 345. Whenever the print control lever 
1345 is rocked to suppress printing, as will be later de 
scribed in detail, shaft 1286 is rocked in the clockwise 
direction, as viewed in FIG. 2. This moves the bottom 
end of the blocking lever 1285 forward to override a pin 
1288 projecting laterally from an upward directed exten 
sion of lever 1270. Pin 1288 is located forward of the 
pivotal mounting 1271 of lever 1270 so that the forward 
end of lever 1270 is held down whenever the bottom end 
of blocking lever 1285 engages pin 1288. Thus, tabulat 
ing movements of the carriage are restrained during all 
nonprinting operations of the machine. 
The lever 287 (FIG. 2) is pivotally mounted at its 

rear end on the stub shaft 1284 and has at its forward 
end a cam formation disposed beside the blocking lever 
1285. A pin 1279 projects laterally from lever 1285 and 
engages a cam edge at the front end of lever 1287. Lever 
1287 has a rearward facing hook-like abutment (not 
shown) at its forward upper part for engaging pin 1142. 
When lever 1285 is swung clockwise during a non-print 
ing operation, pin 1279 rides under the cam edge of 
lever 287 for lifting its hook into engagement with pin 
1142 for blocking forward movement thereof and there 
by disabling the paper feed. 

Right-hand and left-hand levers 1290 and 1295 (FIGS. 
2 and 38) are rockably mounted at their lower ends 
on the right-hand and left-hand end plates iiii and 1112 
of the carriage and are provided on their upper ends with 
hand knobs 1292 and 1293, respectively. These levels 
are mounted for rocking movement about a common 
axis but are independently movable. The lever 290 
has a rearward projecting hook formation 294 which 
engages a pin 1295 carried by a bracket fastened to the 
right-hand end of the tabulator bar 1198. The lever 129i 
(FIG. 38) has a similar, rearward extending hook forma 
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tion 1296 which releasably engages a pin .297 carried 
by a bracket fastened to the left-hand end of the tabu 
lator bar 1969. When both of the levers 290 and 1291 
are rocked forward, the tabulator bar 1290 can be re 
moved from the machine and after the tabulator bar is 
removed, the end brackets can be removed along with 
the re-enforcing rod 1195 so that the tabulator stop plates 
can be removed from the stop rod 1190 and shifted to 
different positions. 
The automatic tabulation of the paper carriage oper 

ates as follows: For automatic tabulation, bail 1221 
(FIGS. 52 and 82) is set to its center position so that 
hook 233 (FIG. 52) is disengaged from lever 1273, 
abutment 235 lets tabulator stop 252 rise to its opera 
tive position, and arm 1234 leaves lever arm. 28.0a in its 
lower position so that the paper feed can be disabled. 
Now, for example, assume that the carriage has just been 
power-driven by spur gear 1171 (FIG. 51) to its extreme 
tright-hand position (left in FIG. 52). There the leftmost 
tabulator plate 1194 (which has a tooth at the second 
position from the left in FIG. 53), coming inboard, 
engages and depresses cam surface 183 (FIG. 52). This 
action disengages the carriage clutch 173, 1174 (FIG. 
51) and the shift clutch 254, 256 (FIGS. 55 and 3) to 
release the carriage to the leftward pull of spring reel 
1212 (FIG. 38). At the same time lever 1185 (FIGS. 
52 and 54) latches lever E80 at 1184 and lever 1203 
(FIG. 2) is released to let motor switch 23 turn off. 
The movement of lever 1185 in latching lever 189 has 
let tabulator stop 1252 (FIG. 52) rise, so that as the 
carriage moves left under force of the spring (right in 
FIG. 52) a tabulator plate, such as 1193, having a tooth 
at the fourth position from the left in F.G. 53, hits the 
stop 1252 and pushes lever 1240 against stop 1251 so that 
the carriage comes to rest. The carriage is now in its 
rightmost printing position (for printing in the left col 
umn) which, of course, is determined by the position 
the stop plate occupies on the bar 1190. This is the 
"home' position of the carriage. Assume now that a 
value is entered in the selector at keys 300, 302 (FIG. 7) 
and that the add (--) key 302 is depressed. The machine 
operates through one cycle, as previously described, to 
print that value and enter it in the primary accumulator 
505. Early in the cycle, cam 233 (FIG. 2) lets the front 
end of lever 1270 rise so that spring 1263 (FIG. 52) 
rotates lever 1256 and lifts hook 26 to let it catch over 
pin 1262 on tabulator stop 252. At about the three 
fourths point in the cycle (after the printing has been 
done) cam 233 (FIG. 2) depresses the front end of lever 
1278, and thereby pulls down hook 26 (FIG. 52) and 
tabulator stop 252. As soon as the stop 1252 slips 
below the plate 1193, spring 1244 moves the stop to the 
right (left in FIG. 52) so that pin 1262 escapes from 
hook 1261. Spring reel 1212 (FIG. 38) now pulls the 
carriage to the left (right in FIG. 52) and tabulator stop 
1252 rises to engage the next stop plate having a tooth 
in the fourth position for stopping the carriage in the 
next printing position. During these operations, no plate 
(such as 1192) has depressed lever 1274 (FIG. 52), 
so that the hook on lever 1283 (FIGS. 2 and 49) has 
held roller 1142 to prevent the paper feed mechanism 
from operating. Consequently the values printed suc 
cessively in separate columns are on one horizontal line. 
ASSume that a value is again entered into the selector, 
printed and entered in the primary accumulator, and the 
carriage tabulated to a third printing position where the 
third value is similarly entered and printed. Assume that 
the fourth column is to be the last. Accordingly, the 
tabulator plate i92 for that position, in addition to a 
tooth at the fourth tooth position for engaging tabulator 
stop 252 (FG. 52), will also have a tooth at the third 
tooth position for depressing lever arm 1276 to release 
the paper feed lever 1135 (FIG. 49). Typically, the 

- rightmost column is to receive the cross-footing. Accord 
75 ingly, the grand total entry lever 305 (FIG. 7) is set to 
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plus (--) and the total key 318 is depressed. Thereupon, 
the value is read out of the primary accumulator 5t5, 
printed, and entered in the grand total accumulator 489. 
During the second half of the machine cycle (after print 
ing), actuator shaft 451 turns clockwise, as seen in F.G. 
49, to operate the paper feed. Also, cam 233 (FIG. 2) 
operates lever 1256 (FIG. 52) to pull down tabulator 
stop 1252 as in previous operations. Spring reel 212 
(FIG. 38) again moves the carriage left. Just as the 
carriage reaches its extreme left position, a stop plate, 
such as 92, having a tooth at the second tooth position, 
moves trigger 189 to the left (right in FIG. 52). Trig 
ger lever 1185 unlatches lever 1180 so that carriage drive 
clutch 1173, 174 is engaged and shaft 265 is rotated 
to compress resilient link 263 (FIG. 55). If this action 
is completed before the end of the grand total machine 
cycle, the interlock (shaft 275, etc., FIG. 3) between 
the main and shift clutches will prevent link 263 from 
actuating the shift clutch. At the end of the machine 
cycle, the shift clutch (FIG. 3) will engage so that the 
carriage is driven to the right by spur gear 1171 (FIG. 
51). Again, at the rightmost position of the carriage, 
a tabulator plate depresses lever 1180 to interrupt the 
power drive, so that the spring moves the carriage left 
to be stopped by tabulator stop 1252 in its "home,” or 
rightmost, printing position. 

(16) PRINT BLOCKING MECHANISM 
The machine is equipped with a ribbon mechanism, in 

cluding ribbon spools 1300 (FIG. 2) and 1301 (FIG. 38) 
disposed to the right and left, respectively, of the print 
ing mechanism and mounted on a ribbon supporting and 
feeding mechanism 1302 which is mounted on the upper 
edges of the vertical side plates of the machine. As such 
ribbon mounting and feeding mechanisms are well-known 
in the art, a detailed description is considered unnecessary 
for the purposes of the present disclosure. A bracket 
1303 (FIG. 2) is detachably mounted on, and extends up 
from, the paper carriage. This bracket carries a paper 
roll 1304, upon which the paper strip is led past the print 
wheels for use in listing addition and subtraction items, 
with the paper carriage locked in its right-hand position, 
as described above. The bracket 1303 can be easily de 
tached from the paper carriage when it is desired to use 
the tabulating features of this carriage. 
As shown in FIG. 20, the lever arm .305 is adjust 

ably clamped onto the left-hand end of the shaft 537 
which carries the actuator detenting arms 536 (FIG. 
16). A hook 1306 projects forward from arm 1305, and 
the spring 307, connected between this hook and a bracket 
1308 to which the lower end of the spring 1096 is attached, 
resiliently urges the arm 1305 and the shaft 537 to rock 
in a counter-clockwise direction, as viewed in FIG. 20. 
The lever 1309 (FIG. 20) is rockably mounted on 

the shaft 487 on which the print control arms 1098 and 
1100 are mounted (FIG. 48). A strong spring 31 
(FIG. 20), connected to the upper end of the lever 309 
and extending forward therefrom, resiliently urges this 
lever to rock in a clockwise direction, as viewed in FIG. 
20. A zero foil control rod, or bail, as indicated at 32, 
is connected at one end to the lever 1309 above the pivotal 
mounting 487 and extends across the printing mechanism 
transverse the machine to control the zero foil latches in 
a manner well-known to the art. The link 33 is pivotally 
connected at one end to the upper end of the arm .305 
by a pivot stud 1354 and is pivotally connected at its 
other end to the lever 1309 below the shaft 487 by a pivot 
stud 1315. The lever 1369 has the depending tail por 
tion 1323, which carries at its bottom end the cam fol 
lowing roller 1324 engaging the tens-transfer control cam 
22. AS eXplained in connection with FIGS. 16 and 31, 
Since shaft 537 connected to arm 543 and roller 544 
(FIG. 31) and lever 1309 (FIG. 20) carrying roller 1324. 
are connected by link 1313, their operation is controlled 
by both cams 226 (FIG. 31) and 221 (FIG. 20). With 
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this arrangement, when the shaft 537 is rocked to detent 
the actuator sectors at the end of the down stroke of the 
sector operating bail, the lever 1309 is rocked, clockwise 
in FIG. 20, and moves the locking pawl control rod 1312 
(FIG. 57) to engage the locking pawls so that the print 
dials 2,088 will be locked for the printing operation. 
An arm 1316 (FIG. 20) is rockably mounted on the 

pivotal support 487 and has at its upper end a down 
wardly facing hook formation 317 which is engageable 
with an abutment formation 318 on a forward extending 
tail portion 39 of the print control bail leg 1095 (see 
also FIG. 48). The arm 36 is provided at the forward 
side of the pivotal mounting 487 with a spring hook for 
mation 1326, and a spring 132, connected between this 
hook formation and the upper end of the lever 1309, resi 
liently rocks the arm 326 in a counter-clockwise direc 
tion, as viewed in FIG. 20, to move the hook formation 
1317 over the abutment formation 1318. This rocking 
movement of the arm .316 relative to the lever 1309 is 
terminated by a stop formation 1322 on the forward side 
of the arm 1386 which engages the forward edge of the 
lever 1369. The arrangement is such that when the de 
tent pawls 536 (FIG. 16) are out of engagement with 
the actuator sectors, the hook 317 (FIGS. 20 and 48) 
is disposed above the abutment formation 1318 and will 
preclude accidental operation of the printing mechanism. 
However, when the shaft 537 is rocked to detent the actu 
ator Sectors at the end of the downward stroke of the sec 
tor operating bail, the lever 305 is rocked in a counter 
clockwise direction, as viewed in FIG. 20, and moves the 
hook arm 136 in a clockwise direction to remove the 
hook 357 from above the abutment formation 1318 to 
thereby free the print control bail 094 to descend for the 
printing operation when the print control cam follower 
rides into the low portion of the print cam, as described 
above. 

(17) PRINTING WITHOUT ACCUMULATION 
The printing without accumulation, or PRINT ONLY, 

key 304 (FIGS. 2 and 7) is disposed immediately to the 
rear of the subtract (-) key 363 and has an elongate, flat 
Stem 1316 slidably mounted for vertical movement on the 
upright, right-hand frame plate 106 by suitable means, 
such as the studs 1330 and 1331 (FIG. 26) projecting 
from the frame plate through longitudinal slots in the 
key stem. This key is urged to its raised, or uppermost, 
position by a spring 265 connected between the fixed 
Stud 764 and a pin 158 projecting laterally from the key 
Stem 1310 intermediate the length of the key stem. This 
pin 158 engages in the inclined notch 156 (see also FIG. 
4) in the right-hand actuator slide 151 to move this slide 
forward and cause the machine to cycle when the PRINT 
ONLY key is depressed. The key stem 130 also car 
ries the pin 90 (FIGS. 4 and 26) which engages the bev 
eled corner of the projection 187 on the locking slide 186 
to interlock the other control keys when the PRINT 
ONLY key is depressed. 

During the first portion of the cycle when the add 
Subtract cam roller 743 rides up onto the lobe of the add 
Subtract cam 227 (FIG. 36), the lever 740 is rocked in a 
clockwise direction, pulls shoulder 754 of link 748 rear 
Ward against ear 482, and meshes the add pendent gear 
train 475 (FIG. 16) with the present selection sectors 336. 
Since the actuator sector operating bail always moves 
When the machine cycles, the value in the selection sec 
tors will be read out and into the printing mechanism of 
the machine during the down stroke of the actuator and 
will be printed at the end of the first half of the operating 
cycle. During the second half of the operating cycle, a 
of the gear pendents 512, 526, 475 and 490 remain in 
their neutral positions, in which they are shown in FIG. 
16, So that the value is simply cleared out of the actuator. 

(18) KEYBOARD CLEARING OPERATION 
The keyboard or selection mechanism clearing key 363 

(FIGS. 7, 48 and 65) has an elongate, flat stem 335 
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mounted for vertical movement on the left-hand frame 
plate 19 by suitable means, such as vertically spaced 
studs 1336 and 337 extending through corresponding, 
longitudinal slots in the key stem. Intermediate its length, 
this stem carries the pin 82 (FIG. 4) which engages 
the can edge 79 of the actuating slide 175 to move the 
actuating slides 175 and 155 forward to cycle the ma 
chine when the key is depressed and which pin also en 
gages the extension 280 of the interlocking bar 96 to 
interlock the remaining control keys when the CLEAR 
KEYBOARD key is depressed. Depression of the 
CLEAR KEYBOARD key 398 will thus cause the ma 
chine to cycle and cause the actuator Sector operating 
bail to move, first down, during the first half of the 
operating cycle, and then up, during the latter half of 
the same cycle. 
A three-armed print blocking lever 1338 (FIG. 48) 

is rockably mounted at the juncture of its arms on the 
left-hand end of a fixed stub shaft 339 supported by a 
suitable bracket, not illustrated, from the machine base. 
One arm 349 of the lever .338 extends forward and 
has the upper edge of its forward end portion disposed 
below a pin 342 projecting to the right from the lower 
end of the key stem 1335 so that the lever 1338 will be 
rocked in a clockwise direction, as viewed in FIG. 48, 
when the key 368 is depressed. 
A spring 1342, connected between the lever arm 340 

and one arm 343 of a bail 762 rockably mounted 
on the shaft 164, resists the rocking of the lever 338 
by depression of the key 308 and resiliently urges the 
lever 338 to rock in a counter-clockwise direction, as 
viewed in FIG. 48. The lever 1338 has the second arm 
1345 extending up and rearward from the shaft 339. 
This lever arm is provided at its upper end with an off 
set shoulder 346 which is moved under the cam fol 
lowing roller 099 on the print control arm 698 when 
the lever 1338 is rocked in a clockwise direction, as 
viewed in F.G. 48, by depression of the CLEAR KEY 
BOARD key 363. When the shoulder 346 is disposed 
under the cam following roller 1899 as the low portion 
1162 of the print cam 229 comes into register with the 
roller 1099, the shoulder 346 will prevent the roller 
from dropping into the cam low portion and thus the 
printing operation of the machine will be suppressed. It 
may be noted that the lever arm 345 carries, near the 
shoulder 1346, an adjustable stop 1347 and that the 
print control arm 1998 has a rearward projecting tail 
portion 1343 which engages the stop 1347 when the lever 
338 is in its normal position and the roller 1099 rides 

into the cam low portion 102 during a printing opera 
tion. This provides an adjustable cushioned stop for the 
print wheel actuating movement of the arm 998. While 
the shoulder 343 and the stop 1347 are illustrated, these 
elements could be omitted, if desired, without loss of the 
print suppressing function of the lever arm 1345. 
The lever arm. A345 has a tail portion 1349 extending 

up and rearward beyond the shoulder 346 and carry 
ing at its distal end a laterally projecting pin 350. The 
pin 1350 is engaged in a terminal notch E353 provided 
in the lower end of the lever 352 which is rigidly 
mounted at its upper end on the left-hand end of shaft 
E236. The shaft i286 extends transverse the rear, in 
termediate, upper portion of the machine and carries on 
its right-hand end the depending arm 285, the bottom 
end of which engages the pin 1288 when the shaft 1286 
is rocked (F.G. 2) and prevents the lever 27 from 
rocking. This will prevent tabulating movement of the 
paper carriage of the machine during the keyboard clear 
ing cycle, as has been previously described. 

Referring to FIG. 48, the key stem 1335 is provided 
intermediate its length with a rearward extending arm, 
or projection, 1369, carrying near its rear end a laterally 
projecting pin 361. The pin 362 rests on the upper 
edge of the front arm 352 of the left part of a double 
lever 363 rockably mounted on the shaft 64. The left 
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6. 
part of lever 1363 consists of the forward and rear arms 
1362 and 1366, and has slots 2026 and 2027 embracing 
respectively the Supporting shaft 64 and a guide pin 
1358. The front end of arm 362 has a portion offset 
to the left to underlie pin 36 on stem, 335 of the 
CLEAR KEYBOARD key 308. Another part of for 
ward arm 362 underlies a pin 1353 (FIG. 55) on a 
stem 528 of the multiplier entry (X) key 306 and 
aligned with pin 1365. The right part of the double 
lever 1363, consisting of a rear arm 1367 and a forward 
arm lying parallel to arm 1362, rocks on shaft 64 and 
carries the pin 358 which lies in slot 2927. A spring 
5364 urges the complete double lever 1363 (counter 
clockwise in FIG. 48) against the pins 1361 and 1353, 
which in the normal, raised positions of keys 306 and 
308, determine the normal position of double lever 1363. 
Another spring, not shown, urges the left part 1362, 
1367 rearward so that shaft 164 and pin 1358 normally 
lie in the front ends of slots 2026 and 2027, as shown in 
FIG. 48. Thus the two parts of the double lever 1363 
rock as a unit about the supporting shaft 164, and the 
right part in addition can slide forward on shaft 164 and 
pin 358. This slide action of arms 1362, 1367 is used 
for releasing the ENTER DIVD key 309. 
The right-hand lever arm i367 is provided at its rear 

end with a forward and upward facing hook formation 
1370 which, when the lever 1363 is rocked by depres 
sion of the CLEAR KEYBOARD key 308, engages be 
hind the extended left end of the gear axle 480 of the 
front add pendent gear train 475 (see FIG. 21). This 
positioning of the hook formation 1370, while leaving 
the lower end of the add pendent gear train 475 free to 
move forward into mesh with the input selection sec 
tors 333 and turn these sectors back to their “0” posi 
tion during the first portion of the keyboard clearing 
cycle, blocks movement of the add pendent gear train 
to mesh the gears 484 thereof with the accumulator drive 
gears 488 (FIG. 32) and thus precautiously prevents 
the value read out of the selection mechanism from being 
entered into the stationary, or grand total, accumulator. 

Since neither the addition nor the subtraction control 
mechanism has been set by depression of the clearing 
key, there will be no entry into the primary or shiftable 
accumulator 505 during the clearing operation. 

After the value has been read out of the selection 
mechanism and the sectors returned to, and latched in 
their "0" positions during the first portion of the operat 
ing cycle, the shiftable selection carriage is restored to 
its right-hand, home position near the end of this cycle 
and the entry value is canceled from the machine without 
being printed or added into either of the accumulators. 

(19) SYMBOL PRINTING MECHANISM 

Referring particularly to FIG. 57, it will be noted that 
the extreme right-hand actuator sector 450' is of less 
angular extent than the remaining actuator sectors and 
is provided at its lower, or rear, end with an abutment 
formation 1375. A series of three abutment levers 376, 
1377 and 1373 are rockably mounted at their rear ends 
on the right-hand portion of the rod 527 (FIG. 16). 
Each of these levers carries spaced abutment formations 
at its forward end. The longest lever 1378 of these 
levers has abutment formations 379, 1380 and 1381 
disposed in side-by-side relationship at its forward end 
and Spaced at consecutively greater distances from the 
mounting rod 527 in the order mentioned. The inter 
Inediate lever 377 has stepped stop formations 1382, 
i383 and 384 and the short lever 1376 has stepped stop 
formations 385 and 386. 

All of the above stop formations are engageable by 
the abutment stop 1375, located on the symbol actuator 
Sector 450, to stop this sector at respectively different 
angular positions, depending on which stop lever is set 
and the position in which it is set, 
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The actuator symbol sector 450' drives the right-hand 
print wheel drive gear 486 and the right-hand print wheel 
1088. This print wheel, instead of being provided on 
its periphery with embossed digits, is provided with en 
bossed symbol printing type which prints the various 
symbols for subtraction (-), PRINT ONLY, multiplier 
entry (X), multiplication (=), TOTAL, SUB TOTAL, 
SUB GRAND TOTAL, GRAND TOTAL and divi 
sion (--). 
The subtract (-) key stem 760 (FIG. 57) carries, at 

its lower end, a laterally projecting pin 387 which is 
engaged in a notch in the forward end of a lever 1388 
rockably mounted at its rear end on a fixed stud 1269 
projecting to the left from the right-hand frame member. 
A link 1389 is pivotally connected at its rear end to the 
lower end of a depending arm 1390 of a bail 1391 which 
is rockably mounted on the bail supporting shaft 831 and 
extending transverse the lower portion of the machine. 
The link 1389 has an up-turned forward end portion pro 
vided with a rearward opening notch 1393 which re 
ceives a fixed stud 1237 to support the link for forward 
and rearward sliding movements. 
A shoulder 1394 on the lever 1388 engages a pin 1395 

on the forward end of the link 1389 and moves the link 
rearward when the subtraction (-) key is depressed. 
This rearward movement of the link 1389 will rock the 
bail 1391 in a counter-clockwise direction, as viewed in 
FIG. 57. 
The bail 391 has a rearward extending arm 1392 

which is connected to the lower end of an upright link 
1420. The rocking of bail 139 will thus move the link 
1420 up. The upper end of the link 1420 is connected 
to a tail portion 1399 of the stop lever 1376 which is 
pivoted midway its length on pivot rod 527. The link 
1420 has, midway its length, an abutment 1401' which is 
engaged with a pin 1400 on a lever 1399' pivoted mid 
way its length on the shaft 537 (FIG. 16). The forward 
portion of this lever has an extension overlying a pin 
1402 on an actuator detent lever 536' which engages 
symbol selector 450'. 
The depression of the subtraction key will give a very 

Small amount of movement to the lever 420 and thus 
does not rock the stop lever 1376 enough to position the 
first step formation of the stop lever 376 to engage the 
stop 1375, but the movement is enough to rock the detent 
lever 536' and disengage sector 450'. Accordingly, when 
actuator bail 453 descends during the first part of the 
machine cycle, actuator sector 450' will turn to the limit 
of its travel. This full movement of the actuator 450' 
will position the symbol print wheel 1088 for a sub 
traction symbol. 
The key stem 1310 of the PRINT ONLY key 304 

(FIG. 26) carries near its bottom end, a laterally pro 
jecting pin 1266 which engages in a transverse slot 1267 
in the forward end of a lever 1268. As shown in FIG. 
57 the lever 1268 is of geniculate shape and is rockably 
mounted at its angle on the stud 1269. The lever 1268 
(FIG. 57) is rocked by the non-add or PRINT ONLY 
key 304, and has a shoulder, not illustrated, but similar 
to the shoulder 1394 of the subtract link 1388 bearing 
against the pin 1395 so that the link 1389 is moved rear 
ward and raises the link 1429 when the PRINT ONLY 
key is depressed. The lever 1268, however, moves the 
link 1420 enough to bring the first stop formation, or 
Step 1385 of the lever 1376 into opposition to the abut 
ment 1375, thereby stopping the sector 450’ at the posi 
tion at which the print wheel 1088 moves the PRINT 
ONLY symbol thereon to a printing position. 
A movement-transferring lever arm 1405 is also rock 

ably mounted on the shaft 1269 and depends from this 
shaft. This lever has a shoulder formation, similar to 
shoulder 1394, bearing against the elongate pin 1395, 
and at a location disposed up and forward from this 
shoulder formation, carries a laterally projecting pin 
1406. A push lever 1497 is rigidly mounted at one end 
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on the right-hand end portion of a transverse shaft 1498 
(FIG. 57) and has an up and rearward inclined abutment 
edge 1489 bearing on the pin 1406. This lever also has 
a tail portion 1420 depending from the shaft 1408 and 
pivotally connected at its lower end to the forward end 
of a link 1411, the purpose of which will be described in 
connection with the multiplication operation (FIG. 25). 

Referring to FIG. 55, a lever arm 1412 is rigidly 
mounted on the left-hand end portion of the shaft 1408 
and projects up and forward from the shaft. At its 
upper end, the lever 1412 has a forward facing abutment 
edge 1413 engaged by a roller stud 1414 carried on the 
lower end portion of the stem 1415 of the multiplication 
(=) key 307. When the key 307 is depressed, the lever 
arm 142 and shaft 1408 are rocked in a counter-clock 
wise direction, as viewed in FIG. 55, and the shaft 1408 
and lever 467 are rocked in a clockwise direction, as 
viewed in FIG. 57. This clockwise rocking of the lever 
407 rocks the lever 405 in a counter-clockwise direc 

tion and moves the link 1389 rearward. This rocks the 
bail 1391 and moves the link 1420 up to bring the sec 
ond stop 1386 of the lever 1376 into position to be en 
gaged by the abutment formation 1375. This will stop 
the actuator sector 450' and the print wheel 1088 at a 
position at which the multiplication or equals (=) em 
bossed type on the print wheel is stopped in printing 
position. 
The stems of the TOTAL key 318 (FIG. 31) and the 

SUB TOTAL key 315 (FIG. 29) have, adjacent their 
lower ends, steps 914 and 814, respectively, engageable 
with the top edge of the intermediate bail 1416 (FIG. 4) 
rockably mounted on the shaft 155 and disposed within 
the bail 827. The bottom of the BACK TRANSFER key 
Stem 1520 (FIG. 79) is similarly engageable with bail 
1416. When any one of these keys is depressed, the bail 
1416 is rocked in a counter-clockwise direction, as viewed 
in FIGS. 4, 29, 31 and 79. The key stem abutments are 
disposed at different distances from the bail so that the 
bail 1416 will be rocked a different angular amount by 
each of these keys. As shown in FIGS. 29 and 79, the 
bail 1416 has an arm at its right-hand end extending 
down from the shaft 155 on which the bail is rockably 
niolinted and the link 1417 is connected at its front end 
to the lower end of the bail 1416 and is pivotally con 
nected at its rear end to the lower end of an arm 1418 
depending from the right-hand end of the second bail 
1419 rockably mounted on the shaft 831. 

Referring to FIG. 57, a link, not shown but similar to 
link 1420, is pivotally connected at its lower end to the 
Outer end of an arm, not illustrated, extending rearward 
from the left-hand end of the bail 1419. This link is 
pivotally connected at its upper end to the rear end of a 
tail portion of the longest stop lever 1378. Accordingly, 
the forward end of stop lever 1378 is lowered whenever 
any one of keys 315, 317 and 318 is depressed. The total 
key stem. 915 has the shortest bail engaging step, that is, 
has its abutment 914 farthest from the bail, and rocks 
the bail 1416 the least amount. Depression of the TOTAL 
key, therefore, rocks the stop lever 1378 down to bring 
the lower stop 1379 of this lever into position to be en 
gaged by the abutment 1375 on the actuator sector 450'. 
When the actuator sector 450' is stopped by the step 1379 
of the stop lever 1378, the print wheel 1088 will have 
been turned to bring the total symbol into printing posi 
tion. The SUB TOTAL key stem has a longer step. 
Therefore, this key will bring the stop lever step 1380 
into its second position to print the sub-total symbol. The 
BACK TRANSFER key rocks the bail 1416 still more, 
and brings step 1381 of lever 1378 into alignment with 
abutment 1375 for causing the multiplier (x) symbol 
to be printed, since the back transfer operation puts a 
number into the multiplier register 510. 
The multiplier entry (X) key stem 1528 (FiG.55) has 

at its lower end a roller stud 1529 which bears against 
a cam face lever 1525. This lever 1525 is pivoted inter 
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mediate its length on a stub shaft 1526 and has a forward 
directed arm supporting a pin 1524. The pin 1524 passes 
through an aperture 1527 in the left-hand selection frame 
plate 105. Upon the depression of the multiplication key 
(x) 306, the lever 525 will be rocked counterclockwise. 
The pin 1524, as shown in FIG. 78, raises the rearward 
extended arm 545 of the symbol bail 1456 (FIG. 4). 
This will, in turn, position the stop lever 1378 to put the 
stop 1381 in alignment to engage the stop 1375 and thus 
position the symbol print wheel 1088 to the multiplier 
(X) symbol sign. 
The stems of the SUB GRAND TOTAL key 313, the 

GRAND TOTAL key 316 and the DIVISION TOTAL 
key 314 have projections which engage the upper edge 
of the inner bail 1040 (FIGS. 36, 37 and 78). The bail 
1040 is rockably mounted on the shaft 55 (FIG. 4) and 
has an arm 426 extending down from the shaft 155 and 
pivotally connected at its lower end to the front end of 
the link 1427. 
The link 1427 is pivotally connected at its rear end to 

the lower end of the arm 1428 of the third bail 1429 
rockably mounted on the bail shaft 831. This bail 429 
has a second arm 396, the rear end of which is con 
nected to a link 1397 (FIG. 57), and the upper end of 
this link is connected to a tail portion 398 of the stop 
lever 1377 extending rearward from the shaft 527 to rock 
the stop lever 1377 when the bail 1429 is rocked. 
The DIVISION TOTAL key stem (FIG. 78) has the 

shortest step-engaging nose and thus will move bail 046 
the least amount of movement. This will move, through 
the link 1427, bail 1429 and link 397, to operate the stop 
lever 1377 to position the stop 382 in alignment with 
the fixed stop 1375 of the segment 456', thus to position 
the symbol print wheel 1088 to print a division total 
symbol. 
The SUB GRAND TOTAL key 313 (FIG. 36) has an 

intermediate length step-engaging nose that will move the 
stop lever 1377 to position the stop 1383 to engage the 
fixed stop 375 and thus rotate the symbol print wheel 
1088 to the sub grand total printing position. 
The GRAND TOTAL key 36 (FIG. 37) has the 

longest step-engaging nose that will position the stop lever 
1377 to move the step 1384 in position to engage the fixed 
stop 1375 and thus position the print wheel 1088 to a 
grand total symbol position. 

Each of the links connecting the bails 139, 419 and 
1429 to the stop levers 1378, 1377 and 1376 is provided 
with an abutment similar to a step 40 (FIG. 57) on the 
link 1397 to rock the lever 1399 and disengage the detent 
lever 538 for the actuator sector 450' whenever one of 
these links is raised. 
With the above-described construction, the appropriate 

symbol will be printed whenever the subtract (-) key, 
the PRINT ONLY key, the multiplier entry (X) key, the 
multiplication (=) key, the BACK TRANSFER key, the 
TOTAL key, the SUB TOTAL key, the DIV. TOTAL 
key, the GRAND TOTAL key, or the SUB GRAND 
TOTAL key is depressed. None of the other keys re 
lease the symbol actuator detent 536 and accordingly do 
not cause symbols to be printed. Those others are the 
addition (--) key 302, the division (--) key 30, the 
ENTER DVD key 309, the CLEAR KEYBOARD key 
308, the repeat lever 31, and grand-total entry lever 305. 

(20) CENTERING MECHANISM 
Referring to FIGS. 5, 6 and 38, the centering cam 216 

is mounted on the main camshaft 135 near the left-hand 
end of this shaft and is provided with a centering notch 
1435. A centering detent lever 1436 is rockably mounted 
at its lower end on the upright frame plate 102 at the left 
hand side of the machine by a suitable pivot mounting, 
such as the screw 1437. At its upper end, the lever 
436 carries a cam following roller. 1438 and this roller 

is engaged in the centering notch 1435 of the cam 216 
when the machine is in its full-cycle position. The roller 
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is resiliently held in firm contact with the peripheral edge 
of the cam by a strong spring 1439 which is connected 
at one end to the lever 1436 and at its other end to a 
fixed stud 1440 mounted on the frame plate 102 forward 
of the lever. 

It will be noted that the cam 216 has an irregular con 
tour, including a high portion, or lobe, 1441 immediately 
following the centering notch 1435 in the direction of 
cam rotation. The shape of this cam is based on the varia 
tion in the load placed on the drive shaft 35 during a 
complete cyclic operation of the machine. In particular, 
the shape of the cam is such that during the first portion of 
the cycle, energy will be stored in the Spring 1439, which 
energy will be released at the printing operation when 
the roller .438 passes over the high portion of the lobe 
1445 and begins to move toward the shaft i35. The ir 
regular shape of the cam 216 thus has the effect of bal 
ancing out the load variations to a considerable extent and 
providing a smooth operation of the machine with the 
minimum amount of power necessary for effective ma 
chine operation. 

(21) SHIFTING MECHANISM FOR THE 
PRIMARY REGISTER SO5 

As has been previously explained, the primary register 
is mounted in a frame, or cage, including end plates 
506 and 507, which are slidably mounted on the parallel 
rods 508 and 509 (FIGS. 19 and 22) for movement 
transverse the machine. The end plates 506 and 507 are 
held in spaced and parallel relationship by cross plates 
645 and 569, the plate 560 being located at the rear of 
the accumulator, and the plate 645 being located at the 
lower front portion. The rack bar 644 extends along, 
and is secured to, the front cross plate 645, as shown in 
FIGS. 22 and 58. This bar extends to the left (down 
in FIG. 58) of the left-hand end plate 566 and is pro 
vided in the upper edge of its portion to the left of 
the end plate 506 with ratchet teeth i444, as shown in 
rear elevation in FIG. 59. A similar rack bar 643 extends 
along, and is fixed to, the rear cross plate 560. This 
bar also extends to the left of the left-hand end plate 
566 and is provided in its bottom edge with a series of 
ratchet teeth, not illustrated but similar to teeth 1444 
(FIG. 59). 
As has been previously explained, the shaft 286 

(FIGS. 3 and 60) is driven from the shift clutch through 
the shaft 253 and the miter gears 283 and 287. It will 
be noted that the miter gear 287 is journalled in an angle 
bracket 446 (FIG. 60) supported on the frame plate 18. 
A pair of drive sleeves 1447 and A448 (FIGS. 58 and 
60) is slidably mounted on the shaft 286 which extends 
transversely across the rack bars 643 and 644. The drive 
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sleeve 1448 is disposed adjacent to, and above, the rack 
bar 644 and is provided with a rear extension 1448a of 
reduced diameter having diametrically opposed longi 
tudinal slots therein. A pin 458 extends diametrically 
through the shaft 286 and is engaged in the slots in the 
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extension 448a to drivingly connect the shaft 286 to 
the drive sleeve 448 while leaving the drive sleeve free 
to slide along the shaft. The drive sleeve is provided 
with an eccentric groove in which is disposed a driving 
element 462 (F.G. 59) having a down projecting tooth 
1463 to engage with the rack teeth of the rack bar 644. 
The drive sleeve A448 is also provided with a concentric 
groove 459, and a pin 460 (FIG. 58) is engaged in 
this groove and carried by a rockable lever 146 (FIG.55) 
which is effective to move the sleeve along the shaft 286 
to bring the driving tooth 463 into, and out of, engage 
ment with the teeth of the rack bar 644. The driving 
element 462 has an up extending, slotted extension 1464, 
and a pin 465 mounted on the frame plate 10 by an 
angle bracket 466, engages in the slot in the extension 
$464 to hold the driving element 462 against rotation. 
With this arrangement, when the shaft 286 is rotating 

and the driving element 462 is in alignment with the 
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teeth of the rack bar 644, the tooth 1463 of the driving 
element will successively engage the teeth of the rack 
bar 644 and step the accumulator carriage and the accu 
mulator 505 to the right (left as seen in FIG. 59). 
The drive sleeve 1447 is entirely similar to the drive 

sleeve 448, and the shaft 286 is drivingly connected to 
this drive sleeve by a pin 1450 extending through the 
shaft 286 and through diametrically opposed slots in a 
reduced portion 449 of the sleeve. This sleeve has a 
concentric groove 1453 in which a pin 1454 carried by 
an arm 793 (FIGS. 58, 55 and 43) is engaged, and an 
eccentric groove in which the driving element 145 is 
mounted. The element 145 has an up directed tooth 
1452 and a down directed, slotted extension, 456. A 
pin 1457, fixed at one end to the rear cross plate 13, 
is engaged in the slot of the extension 1456 and restrains 
the driving element 1452 against rotation. When the 
shaft 286 is rotated and the driving element 1452 is in 
alignment with the teeth of the rack bar 643 of the shift 
able accumulator carriage, the shiftable accumulator is 
stepped to the left (down as seen in FIG. 58). Rack 
643 has a second series of notches 467 on its upper 
face. A detent arm 1468 journalled at 1468a carries a 
roller 469 that is urged into the notches 1467 by a spring 
1470. The spacings of the notches 467 and of the 
teeth 1444 are the same as the spacings of the orders 
in the accumulator. The drive ratio between shaft 253 
(FIGS. 3 and 58) and shaft 286 is one-to-one so that 
riving elements 462 and 145 operate in synchronism 

with shift clutch 254, 256, and have a definite home posi 
tion. Preferably that home position is the position in 
which the driving element is retracted its maximum from 
the rack, the mid-cycle position then being substantially 
that shown in FIG. 59. A detent 430 cooperates with a 
notch 143 in the periphery of a disk 1432 on the rear 
end of shaft 285 for helping to center the shaft 286 in 
its home position. 
With the above arrangement, the shiftable accumulator 

can be stepped to the left or to the right by controllably 
positioning the drive sleeves 1447 and 448 and engag 
ing the shift clutch. Suitable means, to be later described, 
are provided to preclude the possibility of both driving 
elements being brought into alignment with their corre 
sponding rack bars at the same time. The extent of 
movement of the shiftable accumulator is controlled by 
moving the drive sleeves and also by the control of the 
shift clutch, as will later appear. 

(22) MULTIPLIER STORAGE 
A multiplier storage unit, or counter, generally indi 

cated at 50 in FIG. 19, is mounted on the shiftable 
accumulator carriage 505 and also serves as a cycle 
counter or quotient register when the machine is used for 
division. 
The unit 50 has a frame, including a pair of inverted, 

L-shaped frame plates, as indicated at 147 and 472 
in FIGS. 20 and 78. The right-hand plate 47 is dis 
posed against the outer side of the right-hand frame plate 
567 of the carriage of the shiftable accumulator unit 505 
and is rockably mounted at its lower end on the lower 
portion of the plate 567 by a pivotal mounting 1473 
(FIGS. 19 and 78). The plate 1472 is disposed at the 
outer side of the left-hand frame plate 506 of the shift 
able accumulator unit 505 and is rockably mounted at 
its lower end on the lower portion of the plate 506 by 
a pivotal mounting 1474 (FIG. 20). The two plates 
147 and 1472 are held in parallel registering relation 
ship to each other by the pivotal mountings 473 and 
1474 and by a plurality of shafts and tie rods extending 
between the upper portions of the two plates, as will 
presently appear. 
The two plates 1471 and i472 are so positioned that 

the toe portions of the inverted L-shaped configurations 
extend toward the actuator sectors 450. A series of three 
parallel gear shafts 1475, 1476 and 1477 extend between, 
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and are mounted at their ends, in the upper portions 
of the frame plates 472 and 472. The shaft 475 is 
disposed inward of the extremities of the toe portions 
of the frame plates and carries a series of register, or 
counter, gears 1478. The intermediate shaft 476 carries 
a series of idler gears 1479 (FIG. 19) meshing coordinally 
with the gears 473. The shaft 477 is disposed adja 
cent the extremities of the toe portions of the frame and 
carries a series of drive gears 1480 which mesh coordinally 
with the idler gears 479 and with the gear teeth of the 
coordinal actuator sectors 450 when the storage unit 
5.0 is rocked forward, as will be presently described. 
A pair of cam levers 1481 and 1482 (FIGS. 20, 78 and 

79) are rockably mounted intermediate their length on 
a common rock-shaft 1483 extending through the upper 
portions of the side plates 506 and 507 of the shiftable 
accumulator carriage. The shaft 1483 is disposed rear 
ward of the frame plates 1471 and 1472 and the right 
hand cam lever 148 has in its forward end an inclined 
cam slot 1484 which receives a pin 1485 projecting later 
ally from the intermediate portion of the right-hand frame 
member 471 of the storage unit 550. The left-hand cam 
lever 482 has a similar inclined slot 1486 which re 
ceives a pin 487 projecting laterally from the left-hand 
frame plate 1472 of the storage unit (FIG. 20). The 
cam slots 484 and 1486 are so shaped that when the 
front ends of the levers 1431 and 1482 are raised, the 
upper end of the unit 510 is moved forward to mesh the 
drive gears 1486 (FiG. 19) with the teeth of the coordinal 
actuator sectors 450, and the storage unit is locked in this 
position until the cam levers are rocked to move their 
front ends down. The levers are resiliently urged to rock 
in a direction to move their front ends down and retract 
the storage unit from the actuator sectors by springs i488 
and are arranged to be rocked in the opposite direction by 
mechanism including a lever 1489 (FIG.78). 
The levers 481 and 1482 extend rearward of the rock 

shaft 483, and a bail rod 1490 extends between the rear 
portions of the two levers. A bellcrank consists of two 
lever arms 1489 and 492 fixed to opposite ends of a bush 
ing that rotates freely on a shaft 1491. The lever arm 
1489 bears at its free end on the bail road 1490, and the 
rearward directed arm 1492 is pivotally connected at its 
rear end to the upper end of a link 493. The lateral posi 
tion of lever arm 1489 is such that it can engage bail 1490 
for actuating levers 1481 and 1482 at all lateral positions 
of the movable assembly 505, 510. 
The link 1493 is part of a servo mechanism used to rock 

the multiplier storage unit 50 to bring its drive gears 1480 
(FIG. 19) into, and out of, mesh with the teeth of the 
actuator sectors 450. The link 1493 is pivotally con 
nected at its lower end to the rear end of an arm 1494 of 
a bail 495 rockably mounted on a fixed shaft 1496. A 
second arm 1497 of the bail depends from the shaft 1496 
and is pivotally connected at its lower end to the rear 
end of a link 1498 which extends forward to a location 
immediately below the main drive shaft 135 of the ma 
chine. At its front end, the link 1498 is pivotally con 
nected at 1590 to a lever 1501 rockably mounted inter 
mediate its length on a fixed stub shaft 1502. The link 
1498 is connected to the lever 150 below the stub shaft 
1562, and the portion of the lever below the connection 
1500 provides an abutment which engages a fixed stop 
1593 to limit rocking movement of the lever 1501 in a 
clockwise direction, as viewed in FIG. 78. 

Referring particularly to FIG. 79, a cam lever 1504 is 
rockably mounted at its upper end on the fixed stub shaft 
85 and has at its lower end a cross portion carrying at the 
forward end thereof a laterally projecting pin 1505, and 
at the rear end thereof a cam following roller 1506. The 
roiler 506 rides on the peripheral edge of the add-subtract 
cam 227 at a location below, and forward of, the main 
can shaft 35. The roller 1506 is maintained in contact 
with the add can by a spring 1567 connected between the 
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lower end of the lever 594 and the arm 742 of the add 
Subtract cam lever 740 so that the lever 504 rocks or 
Oscillates each time the add cam is turned by an operating 
cycle of the machine. A hook arm 508 is pivotally con 
nected at its rear end to the upper end of the lever 595 
and carries at its forward end an up directed hook forma 
tion 1569 which engages in front of the pin A595 when 
the forward end of the hook arm is raised. 
When the hook 509 is in engagement with the pin 1505 

and the machine is cycled, the lower end of lever 504 is 
moved forward, rocking lever 50E in a counter-clockwise 
direction, as viewed in FIG. 79, forcing the link 498 
rearward. Rearward movement of the link 498 rocks 
the bail 1495 in a counter-clockwise direction, raising the 
link 493. Raising of the link 1493 rocks the arms 492. 
and 489 in a counter-clockwise direction and this rocks 
the lever 48 in a clockwise direction, as viewed in FG. 
79, forcing the upper end of the unit 50 forward to en 
gage the drive gears 1480 with the teeth of the coordinal 
actuator sector 459. This constitutes the power-operated 
or servo mechanism for moving the storage unit 550 into, 
and out of, entry value receiving position. 
The hook 1509 is controlled by the multiplier entry 

key 306 and the BACK TRANSFER key 317 of the 
machine (FIG. 7). The BACK TRANSFER key 317 
(FG. 79) controls the position of the hook arm 1508 
through a linkage, including a bail 1516, rockably mount 
ed on the shaft. 498 extending transverse the forward 
right-hand portion of the machine immediately above the 
machine base 09. This bail has an arm 512 extending 
rearward from the shaft 48 and connected to the for 
ward end of the hook arm E508 by a short pivoted link 
1513. The bail i510 has a second arm 54 extending 
down and forward from the shaft 1488 and pivotally con 
nected at its lower end to the rear end of a link 1515, 
the forward end of which is pivotally connected to the 
forward end of an arm 516 of a bail i557. The bail 
517 is rockably mounted on a bail shaft 528 extending 

transverse the machine at the forward side of the value 
entering keyboard. The arm 516 has a forward portion 
of its upper edge formed as a cam edge 559 which under 
lies pin 521 on the stem 1520 of the BACK TRANSFER 
key 37. When the BACKTRANSFER key is depressed, 
the hook 509 is raised to engage the pin 1505 to there 
by move the storage mechanism forward to engage the 
storage mechanism drive gears 489 with the coordinal 
actuator sectors 450. 
The shape of the add-subtract cam 227 and the position 

of the cam following roller i506 around this cam is such 
that the storage mechanism is not moved forward until 
the beginning of the second half of an operating cycle. 
Also, the yoke 847 (FIG. 80) for the BACKTRANSFER 
key, on the shaft 55, lacks a lower arm such as 825 
(FIG. 16), and is thus incapable of establishing an operat 
ing cycle by itself, but must be used in combination with 
some other control key. The BACK TRANSFER key 
may be used with the addition key and, in such case, will 
cause the value read out of the input value selection mech 
anism to be entered into the storage mechanism 519. It 
will be noted, however, that the storage mechanism can 
enter values in one direction only and does not distinguish 
between addition and subtraction operations. When the 
BACK TRANSFER key is used in combination with the 
TOTAL or SUB TOTAL key, it will enter the value from 
the primary accumulator into the storage mechanism, and 
when used with the GRAND TOTAL or SUB GRAND 
TOTAL key, will enter the value from the grand total 
accumulator into the storage mechanism. 
The value in the storage mechanism can be read out 

and printed by a division total operation, presently to be 
described. If the DTV. TOTAL key 34 and the BACK 
TRANSFER key 357 are pressed simultaneously, the 
value will be read out of the counter or storage unit 5E, 
printed, and returned. This, a total value can be trans 
ferred from the primary accumulator to the grand total 
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accumulator by first simultaneously depressing the TO 
TAL or SUB TOTAL key and the BACK TRANSFER 
key and then depressing the DIV. TOTAL key with the 
grand total entry lever 395 set in operative position. 
The bail 1517. (FIG. 79) has, at its left-hand end, an 

arm 522 depending from the supporting shaft 1518 and 
provided at its lower end with an inclined cam edge i523 
bearing on the pin 524. Referring to FIG.55, the pin 
2524 is carried at the front end of the lever arm 525 
disposed at the outer side of the left-hand frame plate 105 
and supported on the stud 526 carried by this frame 
plate. The pin 524 extends through the aperture 527 
in the plate 05 where it engages the terminal cam edge 
of the bail arm 522 (FG. 79). The stem 528 of the 
multiplier entry (X) key 396 carries at its lower end 
the roller stud 529 which bears on an up facing cam 
edge provided on the rear end portion of lever 525, as 
shown in FIG. 55. 
When the multiplier entry key (X) 306 is depressed, 

the lever 525 is rocked counter-clockwise, as viewed in 
FIG. 55, raising the pin 524. This rocks the bail 57 
counter-clockwise, as viewed in FIG. 79, and raises the 
front end of hook arm 1538 to engage the hook 509 
with the pin 505 on lever 584. This will move the 
storage mechanism 510 forward, at the beginning of the 
Second half of the operating cycle, to engage the storage 
mechanism drive gears 480 with the coordinal actuator 
Sectors 458, as explained above. 
The multiplier entry key stem 1528 (F.G. 55) carries 

the pin 73 which engages the cam edge 7 of the actu 
ating slide 163 (F.G. 4) to move the actuating slides for 
Ward and establish an operating cycle of the machine 
when the inultiplier entry key (x): 306 is depressed. 

Since, unless link 748 (FIG. 31) is lowered by total 
link 925, the addition pendent gear train 475 (FIG. 16) 
automatically reads out the value in the input selection 
mechanism during the first half of an operating cycle, as 
previously explained, upon depression of the multiplier 
entry (X) key, the multiplier value in the selection mech 
ailism will be read out into the actuator sectors during the 
first half of the operating cycle established by depression 
of the multiplier entry (X) key, and from the actuator 
Sectors into the multiplier storage mechanism during the 
latter half of this cycle. The multiplier entry key does 
not condition any of the pendent gear trains to enter the 
multiplier input value into either of the accumulators. 
The multiplier value is automatically cleared from the 
input value Selection mechanism at the end of the multi 
plier entry operation. 
The arm 545 extends rearward from the left-hand end 

of bail 416 (FIG. 78) and overlies, at its rear end, the 
pin 1524, previously described. Depression of the multi 
plier entry (X) key thus rocks the bail 416 counter 
clockwise, as viewed in FIG. 79, and moves the link 417 
(FIG. 79) forward to set the symbol printing mech 
anism to print the multiplier entry symbol. 

(23) DIVISION TOTAL OPERATION 
A second cam lever 1539 (FIG. 78) is rockably mount 

ed at its upper end on the stub. shaft 851 to the left of the 
cam lever 504 (FIG. 79) and carries a cam following 
rolier 531 engaging the edge of the total cam 226. The 
lever 153 extends down through an opening in the base 
80 of the machine, and a spring 5532 connected between 

the lower end of this lever and a fixed stud, maintains the 
roller 1532 in engagement with the edge of the cam 226 
So that the lever 530 will rock or oscillate during each 
rotation of the cam shaft 35. A second hook 533 is 
pivotally mounted on the upper end of the lever 150E and 
has at its forward end a hook formation which is en 
gageable With a pin 1534 projecting from the interme 
diate portion of the lever 1530. The hook 533 is dis 
posed below the pin 1534 and is resiliently urged to rock 
in a direction to engage the pin by a spring 535 con 
nected between a depending tail portion of the hook and 

75 the ever 1501. 
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A bail 1536 (FIG. 78) is rockably mounted on a trans 
verse shaft 537 and this bail has an extended, rear Ward 
directed arm 1538 carrying, at its rear end, a pin 539 
which overlies the upper edge of the hook 1533. The bail 
1535 also has an extended, forward directed arm 540 
provided, at its forward end, with a longitudinal notch 
1541 which receives a pin i542, carried by the stem 1543 
of the DIV. TOTAL key 34. - 
A spring 544 normally raises the key 314 and rocks 

the bail 1536 in a clockwise direction, as viewed in FIG. 
78, to lower the pin 539 against the hook 333 and main 
tain the hook out of engagement with the pin 1534. How 
ever, when the DV. TOTAL key is depressed, the bail 
1536 is rocked in a counter-clockwise direction, as viewed 
in FIG. 78, thereby freeing the hook 1533 to rise under 
the urgency of the spring 1535 and engage the pin 534. 
When the hook 533 is engaged with the pin 534 and 
the lever 1536 is rocked by the total can 226, the lever 
158 will be rocked to move the storage mechanism 50 
forward to engage its drive gears 489 with the coordinal 
actuator sectors 458. Since this operation is controlled 
by the total cam, the value will be read out of the storage 
unit 510 during the first portion of the cycle; printed at 
the end of the first half of the cycle; and, during the sec 
ond half of the cycle, the storage unit will be disengaged 
from the actuator sectors 459 and left in a zeroized, or 
cleared, condition. The bail 922 which actuates the total 
link 925 (FIGS. 31 and 37) has a forward extending arm 
922a (FIG. 78) which underlies a pin 1543a on key stem 
1543 of the DIV. TOTAL key. It is the link 925, acting 
through bail. 985 (FIGS. 33 and 34), that sets up the 
grand total entry. Consequently, and as has been pre 
viously stated, as the actuator sectors are being restored 
during the second half of the cycle, the value can be en 
tered into the grand total accumulator if desired. 
A pin 1546 (FIG. 27) on the division total key stem 

1543 acts, through a yoke on the shaft 155 (FIG. 4), to 
rock this shaft and establish an operating cycle of the 
machine in the manner previously described. 

(24) MULTIPLIER STORAGE UNIT 
Referring now to FIG. 19, a series of ordinally ar 

ranged detent levers 1550 is rockably mounted on a 
shaft 1551, which extends between the upper forward 
portions of the storage unit supporting plates 471 and 
1472. Each lever 1550 extends down and rearward from 
the shaft 1551 and carries, at its rear end, a detenting 
roller 1552 which engages between the teeth of the co 
ordinal idler gear 1479. A spring 1553 is connected 
between a forward projecting ear on each detent lever 
1550 and a spring supporting tie rod 1554 extending 
between the forward upper corners of the plates 1471 
and 1472 to resiliently urge the rollers 1552 into detent 
ing engagement with the coordinal gears 1479. 
The storage, or counter, unit 510 is provided with a 

tens-transfer mechanism which is spring-actuated in timed 
relationship to the operating cycles of the machine, as 
shown in FIG. 19. Each of the drive gears 1480 of the 
storage mechanism is provided at the left side thereof 
with a single lobe cam, or lug, 1555 at the “9%' posi 
tion of this gear and of the coordinal counter gear 1478, 
that is, between the '9' and “0” positions. In FIG. 19, 
these gears 1480 and 1478 are shown in their “0” posi 
tion. A series of two-armed, or V-shaped, latch levers 
1556 is rockably mounted upon, and extend forward 
from, a transverse rod, or shaft, 1557. The lower arm 
of each of the levers 1556 has, at its forward end, a 
double beveled detent formation 558 which is engaged 
by the lug 1555 on the coordinal gear 1480 when this 
gear passes through its “9%” position in either direction 
of rotation to rock the front end of the lever 1556 
down. 
An upper arm 1558a of each latch 1556 bears against 

a depending tail portion 1559 of a coordinal tens-transfer 
lever 1560 rockably mounted on the idler gear shaft 

5 

10 

15 

20 

30 

40 

5 5 

60 

70 

75 

1476. Each tens-transfer lever 1550 has a portion ex 
tending up from the shaft 1476 as an upper extension, 
or tail, portion 1561 which extends rearward and then 
up from the upper end of the main portion of the trans 
fer lever. A spring 562 is connected between the upper 
end of each tens-transfer lever and the spring supporting 
tie rod 1554 to rock the corresponding transfer lever 
in a counter-clockwise direction, as viewed in FIG. 19, 
when the lever is released. A bail 1563 is rockably mount 
ed on the ends of a transverse shaft 1564 and has a 
depending comb edge 563a engageable with the upper 
ends of the upper tail portions 1561 of the tens-transfer 
levers to hold these levers in operative position when 
the bail is lowered. This bail, however, is normally raised 
to free the transfer levers and is lowered to render the 
levers inoperative only during the division operation of 
the machine, and will be later described. 
A tens-transfer control boil 1566 is positioned im 

mediately above the rearward extending tail portions 
156s of the tens-transfer levers and is normally posi 
tioned a distance forward of the up extending, terminal 
parts of the tail portions 1561 so that, when a tens 
transfer lever is released by its corresponding latch lever 
1556, the transfer lever can move a distance sufficient 
to prevent its being relatched, but not sufficient to com 
plete a tens-transfer. A feed pawl 1567 is pivotally 
connected at one end to the upper end of the main por 
tion of each tens-transfer lever 1560 and extends for 
ward from the tens-transfer lever. The feed pawl is 
arranged to engage the teeth of the drive gear 1489 
of the order next above (to the left of) the drive gear 
carrying the tens-transfer lug 1555 which operates the 
latch lever 1556 to release the tens-transfer lever on 
which the feed pawl is mounted. With this arrange 
ment, when a tens-transfer lever 1560 is released from 
its associated latch lever 1556, the gear train of the next 
higher order will be advanced one unit space. 

Referring to FiGS. 19 and 22, the bail 1556 has genic 
ulate bail legs, as indicated at 1568, one at each end 
thereof, and these legs are mounted at their angles on 
the gear shaft 1476 adjacent the supporting plates 1471 
and 1472 of the storage unit. One arm of each bail 
leg i568 extends up to the adjacent end of the cross 
member, or bail, i566, and the other arm 1549 ex 
tends rearward from the shaft 1476. Springs, as indi 
cated at 1569, are connected between the upper portions 
of the up extending arms of the bail legs 1568 and up 
extending arms of levers 1547, mounted one on each 
end of the gear shaft 477, to resiliently urge the bail 
1566 in a forward direction to release the tens-transfer 
levers. The arms, as indicated at 1545 in FIG. 20, are 
mounted on the upper tens-transfer restore bail of the 
primary accumulator 505, one at each end of this ac 
cumulator, and extend forward from the bail shaft 590 
and bail rod 612. The pivoted links, as indicated at 
1548, connect the free, forward end of each arm 1545 
to the free end of the rearward extending arm 1549 of 
the bail leg 1568 at the corresponding side of the ac 
cumulator. 

With this arrangement, the bail 1566 is held in posi 
tion to block the tens-transfer levers during the first 
portion of the cycle while the value is being entered 
into the storage mechanism. During the second half 
of the cycle, the bail 1566 is moved by the tens-transfer 
cam 221 (FIG. 20) to free the tens-transfer levers to 
complete the tens-transfer, and at the beginning of the 
Subsequent cycle, this bail is moved rearward to relatch 
the tens-transfer levers in the same manner as has been 
previously described for the tens-transfer restore mecha 
nism of the primary and secondary accumulators of the 
machine. 
The storage unit tens-transfer mechanism is operative 

only when a multiplier is being read out of the storage 
mechanism during a multiplying operation of the ma 
chine, as will later appear. 
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A zero blocking bail 1547 (FIG. 22) has bail legs 
1547a extending rearward from shaft 477 on which they 
are journalled, a cross member 1547b (FIG. 19), and 
tail portions 547c resting on pins 547d carried by the 
side plates 596 and 587 of the shiftable accumulator 
505. Springs 1569 (FEG. 22) urge the rear end of the 
bail down and hold tails (547.c in contact with pins 
1547d. When the storage unit 510 is rocked forward by 
the movement of lever i48 (FIG. 78) in a DIV. TOTAiL 
operation, bail 547 moves forward and draws tails 
1547c cam-like across pins $547d for lifting the rear end 
of the bail. This action raises the cross member 547d 
(FIG. 19) to oppose depending shoulders 1555a of the 
tens-transfer levers 556 and prevents those levers from 
being rocked by the cams 1555. Accordingly as the 
actuator gear 450 drive the drive gears 480 in the nega 
tive direction (counterclockwise in FIG. 19) during the 
DIV. TOTAL operation, the tens-transfer levers 556 
stop the cams 1555 and gears 480 in their zero posi 
tions. Although the cross member 1547d of bail 547 
will similarly block the tens-transfer levers during the 
entry of a value into the storage unit, as for example, 
during a multiplier entry (X) operation, and SO prevent 
gears 1480 from turning beyond their "9" positions (posi 
tive direction of rotation, clockwise in FIG. 19), the 
permitted rotation of nine units is sufficient for the sin 
gle entry. 

Each of the counter wheels E478 of the storage mech 
anism is provided with a pair of "short cut multiplica 
tion cams 570 and 1571 (FIG. 19) located respec 
tively at the right and left sides of the corresponding 
gear 478 and journalled on the shaft 1475 to turn with 
the gear. A pair of lever mounting shafts 572 and 
1573 extends transverse the storage mechanism to the 
rear of the shaft 475, the shaft 572 being disposed 
above the shaft 475 and the shaft 1573 being dis 
posed below the shaft 1475. 
A series of ordinally arranged, geniculate levers 1574 

is rockably mounted intermediate their length on the 
shaft 572. Each of these levers has a down turried 
front end portion 1575 arranged to ride at its terminal 
edge on the corresponding cam 1579. A second series 
of ordinally arranged, geniculate levers 1576 is rock 
ably mounted, intermediate their length, on the shaft 
1573. Each of these levers has an upturned front end 
portion 1577 bearing at its terminal edge on the corre 
sponding cam i57i. 
The cams 1570 and 57 are of partly circular shape 

and the cam 1570 has an angular extent and is so angul 
larly positioned relative to the counter gear 1478 and 
the "9/2” cam 1555 on the gear 480, that whenever a 
value from “1” to “5” is in a counter gear 1478, the 
corresponding cam 1579 underlies the terminal front 
edge of the coordinal lever 1574 and holds the front end 
of this lever in a raised position. The can 571 is also 
of partly circular shape and is of such an angular extent 
and so positioned relative to the corresponding counter 
wheel 478 and the "9/2” can 555 on the coordinal 
drive wheel 489, that whenever a value from '6'' to '9,' 
inclusive, is in the counter wheel 1478, the partly cir 
cular shaped lobe portion of this cam rides over the 
terminal edge of the front end of the lever 1576 and 
rocks the front end of the lever down. The values from 
'1' to "5’ raise the front end of the lever 1574, but do 
not move the front end of the lever 576. Values from 
'6'' to “9,’ inclusive, move the front end of the lever 
1576 down, but do not move the lever 574. A '0' value 
in the gear 478 permits both of the coordinal levers 
1574 and 576 to move together at their front ends So 
that the terminal edges of the front ends of the levers 
rest on the hub portions of the corresponding cans, as 
shown in FIG. -19. 
The lever 574 has a tail portion 1578 extending rear 

ward from the shaft 572 and resting on a shoulder 579 
on an irregularly-shaped lever 580 rockably mounted 
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on the shaft 564. There is a series of ordinally ar 
ranged levers 580, one cooperating with each coordinal 
lever 574, and each lever 589 is resiliently urged to 
rock in a clockwise direction, as viewed in FIG. 19, by 
a spring 58. Each lever 580 extends down and rear 
ward from the shaft 2564 and has, at its end remote 
from the shoulder 1579, a rounded abutment formation 
E532, the purpose of which will be later described. 

Each of the lower levers 576, as shown in FIG. 19, 
has a rearward extending tail portion 583 bearing at 
its rear end on a transverse shoulder 584 of an irregu 
larly-shaped lever 1585 rockably mounted on a shaft 
i585 disposed below, and parallel to, the shaft 554. 
Each lever 585 is urged by a spring 587 to rock in a 
counter-clockwise direction, as viewed in F.G. 19, and 
each of these levers is provided at its end, opposite the 
shoulder E584, with a rounded abutment formation 1588. 
A pair of levers 598 and 1591 (FGS. 14 and 19) 

extend transverse the machine just to the rear of the 
abutment formations 582 and 1588. These levers are 
disposed, one above the other, in horizontal parallel rela 
tionship, and both evers are rockably mounted on a 
common vertical pin 5592 supported at its ends by a 
bracket 593 carried by a transverse cross-member 594 
which is supported at one end on the left-hand vertical 
frame plate E6 and at its right-hand end by the piate a 
carried by the rear frame plate 13. The upper lever 
1590 carries a depending roller 1596 carried by a for. 
ward extending projection of the lever 598. The lower 
lever 595 carries a similar, but up projecting, roller 597 
carried by a forward extending projection of the lower 
lever 1593. Both of the levers 5539 and 1593 are urged 
to rock in a counter-clockwise direction, as viewed in 
F.G. i4, by springs i539 (only one of which shows) 
Connected between the right-hand ends of these levers 
and fixed spring anchor pins carried by a bracket 1609 
projecting forward from the back plate i3 of the ima 
chine. Rollers 5596 and 597 sense the value in the 
multiplier unit in connection with the multiplication op 
eration. They sense the digit in one order at a time, 
and consequently their position defines a readout sta 
tion. These sensing rollers are aligned with the left 
most position of the rightmost, or lowest, order of 
the multiplier storage unit. Accordingly, the readout 
Station is the ordinal position of the lowest order of the 
actuator. 

Referring to FIG. 51, the left-hand end portions of the 
levers 599 and 59 are disposed in opposition to a 
Tear vertical edge 669 of a yoke-shaped sensing slide 
i302 slidably mounted for longitudinal movement on a 
fixed stud 2.563 extending from the left-hand frame plate 
10 through a longitudinal slot in the yoke-shaped slide. 

At is upper edge, the slide 662 has a rearward directed 
extension 1684 which overlies the upper lever 590. At 
its forward end, the slide 692 carries a pin 1605 ex 
tending to the left from the slide and connected to the 
upper end of a lever 685 (F.G. 55) which controls the 
readout operation of the multiplier storage unit in a 
manner to be later described. 

Referring back to F.G. 19, it will be noted that when 
the upper lever 574 at the readout station is on the 
lobe of the coordinal multiply cam 8570, the lever 1574 
will be rocked in a clockwise direction and the lever 
i58 in a counter-clockwise direction from the position 
shown in FIG. 19. This rocking of the lever 1580 will 
force the abutment 1582 against the roller 1596 and 
move the right-hand end of the lever 590 rearward 
(F.G. 14). In the same manner, when the front end of 
the lower sensing lever 577 (FIG. 19) at the readout 
Station is on the lobe of the multiply cam 1571, the 
lever 1576 will be rocked in a counter-clockwise direc 
tion and the lever 1585 in a clockwise direction from the 
position shown in F.G. 19. This will force the abut 
ment 1588 against the roller 597 and move the right 
hand end of the lever 591 (FIG. 14) rearward. The 
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levers 1574 and 1577 in each order are alternatively 
rocked by the cams 1570 and 1571 and will not be both 
rocked at the same time. 
A somewhat T-shaped lever 1610 (FIGS. 14, 15 and 

81) is disposed in upright position just to the left of 
the plate 11 and is rockably mounted at the midlength 
location of its cross portion by a fixed stud 1611. The 
upper end of the cross-member of the T-shaped lever 
1610 is provided with a forward facing abutment edge 
i610a opposed to the rearward facing edge of the upper 
lever 1590. The lower end portion of the cross-member 
is provided with a forward facing abutment formation 
1610b opposed to the rearward facing edge of the lower 
lever 1591. With this arrangement, when the right 
hand end (FIG. 14) of the upper lever 1590 is moved 
rearward, the T-shaped lever 1610 will be rocked in a 
clockwise direction, as viewed in FIGS. 15 and 81, and 
when the lower lever 1591 is moved rearward, the T 
shaped lever i610 will be rocked in a counter-clockwise 
direction. The stem portion of the lever 1610 extends 
rearward from the mounting stud 1611 and is provided 
with a triangular shaped aperture 1612, having its apex 
directed rearward. 
A readout control cam lever 1613 (FIGS. 14, 15, 70 and 

81) is disposed longitudinal of the machine beside the 
lever ió10 and is rockably mounted, intermediate its 
length, by a fixed stud 1614 carried by the plate 111. It 
rocks between fixed studs 1613a and 1613b. At its rear 
end, the lever 163 is provided with a longitudinal slot 
1615, and a pin 1616, carried at the front end of a link 
1617, extends through the slot 1615 and into the aper 
ture 1612. This pin is normally located in the apex of the 
triangular aperture 1612 and, when so positioned, will be 
moved up-and-down with the lever 1610 when the lever 
is rocked, as described above, for rocking the lever 1613. 
At its rear end, the link 1617 is pivotally connected to 
the upper part of an up directed arm 618 at the right 
hand end of a bail 1619 rockably mounted on the trans 
verse shaft 491. At its left-hand end, the bail 1619 car 
ries a second arm 507 which is effective to rock the bail 
1619 in a counter-clockwise direction, as viewed in FIGS. 
15 and 81, and move the pins 66 forward (to the left 
in FIG. 15) into the wide, forward portion of the aper 
ture 1652 during automatic division, as will be later de 
scribed. At its forward end, the cam lever 1613 is bent 
over to provide a return portion 162 which tapers rear 
ward to a point, providing upper and lower cam edges for 
a purpose to be presently described. 
A slide 1522 (see particularly FIGS. 14 and 19) is 

mounted on the right side of the bracket 1 for rectilinear 
movement longitudinal of the machine and this slide is 
supported by spaced-apart studs 1623 and 1624 (FIG. 19) 
projecting through corresponding, longitudinal slots in the 
slide. At its rear end, the slide carries a laterally pro 
jecting pin 1625, which pin is received in a terminal notch 
in the upper end of a lever 1626 fixed to, and extending 
up from, the rockshaft 1491 (FIGS. 19 and 81). 
A feed pawl 1628 is rockably mounted intermediate its 

length on the slide 1622 by a pivotal mounting 1629. 
This feed pawl is provided at its front end with a double 
detent formation 1630 which is engageable with the teeth 
of the particular gear 1478 that is at the readout station 
of the shiftable multiplier storage mechanism 510, to turn 
that gear 1478 one unit space in one direction or the 
other for each reciprocating movement of the feed pawl. 
The feed pawl 1628 is resiliently held in a centered posi 

...tion relative to the slide 1622 by centering mechanism, 
including a pin 631 (FIG. 19) projecting laterally from 
the rear end of the feed pawl and disposed between a 
pair of centering jaws 632 and 1633 rockably mounted 
on the slide 1622 at 1634 and 1635, respectively, and 
urged toward each other by a spring 1636. The pins, by 
which the spring 1636 is connected to the centering jaws, 
engage the corresponding edges of the slide i622. So that 
neither jaw can move inward past its centering position. 
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This provides a true centering control for the feed pawl. 
A pin 1637 (FIGS. 14 and 15) projects laterally from the 
feed pawl 1628 near the front end of the latter and is 
engageable with the cam edges of the returned tip portion 
1623 of the cam lever 1613 (FIG. 15) to control the 
position of the front end of the feed pawl 623, whether 
above, or below, the gear shaft 475, as the front end of 
the feed pawl engages the gear 1478 at the readout station. 

During those operations of the machine in which a 
multiplier is read out of, or a quotient read into, the 
counter gears of the storage mechanism 518), the slide 
1622 (FIG. 19) is recprocated forward and backward for 
each operating cycle of the machine. As shown in F.G. 
81, an arm 1639 is fixed to a hub 1639a, which in turn 
is fixed to shaft 1495. An arm 1640, rotatably supported 
on hub (639a, is controlled by link 46 (FIG. 51). A 
spring 643 (FIG. 51) connected between ears on the 
arms 1639 and 1640 pulls arm 1639, counter-clockwise 
in FGS. 51 and 81, against a stop 1604a on arm 1640 
and so provides a yielding connection between those arms. 
The link 46 (FIG. 51) is pivotally connected at its 

rear end to the upper end of the arm 640 and extends 
forward of the machine at the right-hand side of the side 
plate 110. At its forward end, the link 461 is provided 
with downward opening hook formation 460, previously 
described (FIG. 17), which is disposed above the laterally 
projecting pin 459 on the left-hand actuator drive seg 
ment 454. The link 461 is resiliently raised by a spring 
1642 (FIG. 51) connected between an intermediate por 
tion of the link and a bracket fastened to frame plate 
102. The link 46 is moved down to engage the pin 459 
in the hook formation 460 by a roller 1445 engaging an 
upward and rearward inclined cam edge 455 of the link. 
Movement of the roller 1445 is controlled by the multi 
plication and division keys in a manner which will be 
later explained in detail (FIG. 55). 
When the hook 460 (FIG. 51) is lowered into engage 

ment with the pin 459, the slide 1622 (FiG. 19) will be 
reciprocated forward and backward once during each 
operating cycle of the machine. The feed pawl 1628, 
moving with the slide 622, will rotate the storage counter 
gear 478 at the readin or readout station, one unit space 
for each reciprocation of the slide 622. Whether the 
feed pawl rotates the gear 1478 in a positive or negative 
direction, depends on the upper or lower location of the 
pointed tip 1621 (FGS. 15 and 81) of the cam lever 
163. During readout, that is, during multiplication, the 
position of the cam portion 1621 at the forward end of 
the cam lever 1613 depends upon the rocked position of 
the T-shaped lever i610. The position of the lever 1619 
depends, as has been previously explained, on which of 
the levers 1574 or 1576 (FIG. 19) is moved at its front 
end away from the gear shaft 475 by the corresponding 
short-cut multiplication cam 1570 or 1571. If, during a 
multiplication operation, the value in the counter gear 
478 in the readout station is a value between “1” and 

“5,” the lever 1574 will be rocked and this will, in turn, 
rock the lever 1580 and move the right-hand end of the 
upper lever 1590 (FIG. 14) rearward. This will rock 
the T-shaped lever 1610 to raise the front end of the cam 
lever ió13 (FIG. 15). Under these conditions, when the 
slide 1622 (FIG. 19) and feed pawl 628 are moved for 
Ward, the pin 1637, carried by the feed pawl, will move 
under the return cam formation 1521 of the cam lever 
613 and engage the teeth of the gear 1478 (FIG. 19) 

at the readout station below the shaft 1475 and rotate 
this gear in a negative direction to sequentially subtract 
the digit value from this gear as the multiplicand is suc 
cessively added into the primary accumulator 505. If, on 
the other hand, the value in the gear 1478 at the read 
out station is a value included in the digits “6” to “9,' 
inclusive, the lever 1576 will be rocked, rocking the lever 
1585 and moving the right-hand end of the lower lever 
1591 (FIGS. 14 and 81) rearward and thereby rocking 
the T-shaped lever 1610 to lower the front end of the 
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cam lever 63 (FIG. 15). Under these conditions, when 
the slide 1622 (FIG. 19) and feed pawl 1628 are recipro 
cated, the pin 1627 will pass over the upper cam edge of 
the returned cam portion 52A of the cam lever and the 
front end of the feed pawl will engage the teeth of the 
gear 478 above the gear shaft 475 and turn the gear 
1478 in a positive direction. The reciprocating move 
ments of the slide 1622 will then read out the tens-com 
plement of the value in the counter gear, rather than the 
waite actuaily in the counter gear. The mechanisin is so 
arranged that, under these conditions, the multiplicand 
will be siccessively subtracted from the value in the pri 
mary accumulator. However, as the tens-complement is 
read out to '0' in this direction, the tens-transfer lug 1555 
on the coordinal drive gear 480 will trip the tens-trans 
fer mechanism and a value of '1' will be transferred into 
the next highest order of the storage unit gear mecha 
nism. This accomplishes the purpose in short cut mul 
tiplication of multiplying the value in the accumulator by 
“10' and subtracting from this value the tens-complement 
of the value of the multiplier of the storage mechanism. 
During division, that is, when a quotient is being counted 
into the storage mechanism, the operation is the same as 
that described above, except that the T-shaped ever 16 
is disabled by moving the pin Eg:6 forward. The division 
operation and the control of cam lever 1513 during that 
operation will be described later. 
An upper bail 1645 (FIG. 19) extends over the inter 

Inediate portions of the upper sensing levers 574, these 
levers having abutment formations disposed immediately : 
below the baii, and is pivotally mounted by its terminal 
legs on the end portions of the shaft 572. A lower bail 
2546 extends across the intermediate portions of the lower 
levers 1576, which levers are provided with down pro 
jecting abutment formations immediately above the bail. 
This bail is rockably mounted by its terminal legs on the 
end portions of the shaft 1573 and the two bails are con 
nected together for simultaneous and coextensive move 
ment by pin-and-slot connections 1647 (FIG.22) between 
inward directed tail portions of the bail legs. With this 4 
arrangement, when all of the levers i574 and 1576 are 
retracted inward at their front ends, the bails 1645 and 
1646 may be moved inward toward each other. However, 
when any one of the levers 1574 or 1576 is on the lobe 
of a corresponding cam 1570 or 575, the bails 1645 and 
1646 are moved outward away from each other. 
As shown in FIG. 55, a bail 1648, rockably mounted 

on the transverse shaft 286, has an arm 1650 extending 
rearward from the shaft 286. By means of the mecha 
nism shown in FIGS. 39 and 40, still to be described, 
arm 65) is controlled by a roller 1902 that overlies the 
upper bail 1645 (FIGS. 19 and 22). With this arrange 
ment, when the bails 645 and 1646 are moved away from 
each other, the rear end of the arm 1650 is raised and the 
bail 1648 is rocked in a clockwise direction, as viewed in 
FIG. 55. The bail 648 has a forward extending arm 
35; connected by a pin-and-slot connection 652 with 

the rear end of a link 1653, the forward end of which is 
pivotally connected to a latch pawl 1654 for the multi 
plication (=) key 367. At its rear end, the link 1653 
has a depending tail portion terminating in a laterally 
projecting abutment formation 1655. When the bail 1648 
is rocked in a clockwise direction, as seen in FIG.55, the 
rear end of the link653 is lowered and the abutment 
formation 1655 is moved to a position in which it is en 
gaged by the pin 459 on the actuator operator bail sector 
454. With this arrangement, after all of the multiplier 
digits have been read out of the storage mechanism dur 
ing a multiplication operation, the rear end of the link 
3.653 is lowered to place the abutment formation 655 in 
position to be engaged by the pin 459, and at the end of 
a cycle, the pin 459 engages the abutment formation and 
moves the link 1653 rearward to release the multiplication 
key 397, as will later be described in greater detail. 
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(25) IDECIMAL ORDER LOCATING AND DECI 
MAL REACE DISCARDING MECHANISM 

The decimal point selection mechanism is particularly 
shown in FIGS. 7, 61 and 63. A slotted shield, or cover, 
1627 is disposed over the print wheels 1888 and print 
wheel carriers 1085 (FIG. 63). At their free ends, the 
print wheel carriers have projections 666 which extend 
through corresponding slots 665 in the shield 1627 for a . 
purpose which will presently appear. The forward edge 
of the shield 1627 is provided with a toothed rack 1649 
(FIG. 7) having tooth spaces which correspond to the 
ordinal positions of the printing mechanism. 
A pair of spaced parallel guide rods 1656 and 1664 is 

mounted on the shield 627 to support a movable, frame 
like decimal stop carriage 1667 for transverse movement 
on the rods 356 and 1664. The carriage 1667 is urged, 
by a tension spring 1668, to a position at the right-hand 
end of the shield, or cover, 1627. A decimal printing 
wheel 670 (FIG. 63) is rockably mounted beside each 
wheel. Each wheel 1678 has three spokes radiating from 
the hub. An upstanding spoke 1679 lies beneath the cover 
1647, and a shorter and rearward directed arm 673 has 
an embossed dot on its distal end for printing the decimal 
point, and a forward and downward directed spoke 675 
is spring-urged to abut a stop on the print wheel carriers 
385. 
The decimal stop carriage 1667 has a downward di 

rected projection 1669 positioned at its rear end which 
extends down behind the shield 627. When the print 
wheel carriers it 85 are released to print, the projection 
3669 will limit the decimal wheel 1670 in its rotation in 
an order that the carriage 1667 is positioned by the en 
gagement of the upstanding spoke 1679 with the abutment. 
ió69. This will position the decimal point embossed 
spoke 673 to be in position to be printed on the tape in 
a known manner. As may be seen in FIGS. 7, 61 and 63, 
four slotted slides are guided and held in position by fixed 
studs i683 and 684 in a fixed cross-member 1702 which 
extends transverse the machine immediately to the rear 
of the keyboard. Reading from the bottom up (FIG. 63) 
these four sides are 739, 1703, 677 and 1678. They 
are shown individually in FIGS. 83 to 86. The two lower 
most slides have extensions 726 and 1682 that control 
the frame-like decimal stop carriage 1667 (FIG. 61). The 
three top slides are shown in different operated positions 
in FGS, 7 and 61. 

Slide 1703 has the flat extension 68 guided on the 
forward part of the rack structure 649 for longitudinal 
movement transverse the front portion of the printing 
mechanism, and the decimal-stop carriage 667 has a 
forward tail portion 1671 extending through a slot 672 
in the slide extension i68. A lever 1686 is rockably 
mounted on the extension 168 intermediate the length 
of the lever by a pivotal mounting 1644. Near its right 
hand end this lever carries a hand knob 680a for set 
ting the mechanism to the selected decimal order. Also, 
at its right-hand end, the lever 1680 has a depending ear 
formation 1706) which engages between the teeth of the 
rack 1649. When the hand knob 1680a is moved rear 
ward, this ear formation 1760 is moved rearward of the 
teeth and the lever 686 and the slide 1703 can then 
be moved transverse the machine. As the slide 703 is 
moved to the left, the right-hand end of the slot 1672 en 
gages the tail portion 1671 of the decimal-stop carriage 
1667 and moves the carriage 667 to the left to position 
the decimal point stop 1669 at the proper location. The 
tail portion 1671 is maintained at the right-hand end of 
the slot i672 by the spring ió68, as explained above. 

Slide 703 includes a lower extension 1703a connect 
ed to upper extenison 1681 by a strut portion 1704 (FIG. 
84). At its left-hand end, the slide portion 1703a ex 
tends beyond the left-hand end of the cross-member 1702 
(FIG. 61) and is provided with a rearward facing abut 
ment formation 1682, which functions in the ENTER 
DVD. operation which will be described later. 
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The first movement transmitting slide 677 is disposed 
immediately above the slide portion 1703a and is sup 
ported on the studs 1683 and 1684 for longitudinal move 
ments, transverse the machine. 
transmitting slide 1673 is mounted above the slide 1677 
and similarly supported for longitudinal movements, 
transverse the machine. The first movement transmit 
ting slide 1677 is provided, along the left-hand portion 
of its front edge, with a series of rack teeth 1686 (FIG. 
85), and the second movement transmitting slide 678 
is provided, along the left-hand portion of its rear edge, 
with a series of rack teeth 1687 (FIG. 86) in substantial 
horizontal alignment with the rack teeth ió86. A re 
versing gear 1685 (FIG. 61) meshes with the rack teeth 
1686 and 1687 and is mounted on a fixed stud 685a 
projecting up from the fixed cross-member 1702 so that 
it accurately reverses longitudinal movements between 
the two slides 1677 and 1678. An ear 1705 projects 
up from the slide portion 703a (FIG. 84) and abuts 
the right-hand end of the rack teeth 687 on the slide 
1678 (FIG. 61) so that this slide will be moved to the 
left coextensively with the left-hand movement of the 
slide 1703. 
A hook. 786 is mounted at its right-hand end on the 

strut 1704 by a pivotal mounting 1707 and is engageable 
at its left-hand end to the left of a pin 1688 projecting up 
from the left-hand end of the slide 1678. The intermedi 
ate portion of the hook 1706 is connected to the left 
hand end of the lever 1680 by a link 1708. A spring 
1709 is connected between the intermediate portion of 
the hook 1706 and an ear at the rear, left-hand corner 
of the slide extension 168i resiliently urges the hook 
member 1706 to rock in a clockwise direction, as viewed 
in FIG. 61, and thus to hold the hook member 1706 
out of engagement with the pin 1688. 
With this arrangement, when the hand knob 168(a 

of lever 680 is moved rearward to rock and move the 
ear formation 1700 on the right-hand end of this lever 
cout of engagement with the teeth of the rack 1649, the 
hook 1706 is rocked in a counter-clockwise direction, as 
viewed in FIG. 61, to engage the pin 1688. If the slide 
1703 is now moved to the left, the ear 1795 will move 
the slide 1678 to the left and the reversing gear 1685 
will move the slide 1677 to the right. If the slide 1793 
is moved to the right, the hook 1706 will move the slide 
1678 to the right and the reversing gear 685 will move 
the slide 1677 to the left. 
The decimal key 1657 (FIGS. 7 and 63) is comprised 

of a U-shaped bail 1710 (FIG. 61) and is rockably 
mounted on the keyboard of the machine. This bail 
has a cross portion 71 extending transverse the rear 
portion of the keyboard and having a rearward directed 
flange formation. The bail also has spaced and substan 
tially parallel legs 1712 and 1713 extending forward 
from the cross-member 1711 and pivotally mounted at 
their front ends on the keyboard frame so that the cross 
member 7 it has limited freedom of vertical move 
ment. A tongue 1714 (shown also in FIG. 8) extends 
rearward and upward from the cross portion 1711, near 
the midlength location of the cross portion (FIG. 61) 
and carries the cap, or hand knob 1657, by means of 
which the rear portion of the bail can be manually de 
pressed. 
A lever 179 (FIGS. 61 and 83) is mounted on a down 

turned flange on the right-hand portion of the slide 739. 
This lever 781 is rockably mounted at its right-hand 
end by a pivotal mounting 1716. The lever 170 has 
a curved left-hand underlying the tongue 1714 (FIG. 
61) of the bail cross-member 1711. Intermediate its 
length, the lever 1701 has a forwardly offset tongue 1717 
which underlies the cross portion 1711. The lever 170i 
has a tooth 1715 (FIGS. 63 and 83) depending from 
the lower left-hand curved portion. This tooth 1715 is 
forced into an interdental space of the selection mecha 
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nism escapement rack 381 (FIGS. 8 and 9) when the 
decimal selection key 1657 is depressed. This will cause 
the slide 739 to move to the left with the selection mech 
anism, as the selection mechanism is stepped to the left 
by the entry of entry value digits after the decimal point 
key 1657 has been manually depressed. 
When the decimal point selection key 1657 is depressed, 

the rear end of the bail 870 is latched in depressed 
position by the engagement of a tongue 1718 (FIGS. 61 
and 62) extending to the right from the rear end of 
the right-hand bail leg 1753 under a formation 17 9 
of a latch lever 720. The latch lever is mounted at its 
lower end on a pivotal mounting 1721 carried by the rear 
flange of the lower keyboard frame 322 (FIG. 8) and 
extends up and to the right from the pivotal mounting. 
The formation 1729 is provided at the upper end of the 
up extending portion of this latch lever and at the end 
of the rightward extending portion, the lever is provided 
with an up directed abutment formation 1722. A trip 
lever 723 is rockably mounted at its left-hand end on 
the pivotal mounting 1716 (FIG. 83) and carries at its 
right-hand end an abutment formation 1723a engageable 
with the abutment formation 1722 on the latch lever 
5729. The latch lever 1720 is resiliently rocked to a 
latching position by a spring 1724. A down-turned ear 
1757a (FIG. 8) fixed to the upper keyboard frame 321 
extends down just to the left of the tongue 1717 on lever 
876 (FIG. 61). As the selector carriage returns to its 
home position, and lever 1723 (FIG. 87) rocks lever 
1725) to release tongue 1718, ear 1717a blocks the lifting 
of lever 732 until slide 739 (which carries lever 1791) 
has been carried to its rightmost position, as shown in 
FIG. 61. Also, tongue 77 then lies to the right of 
ear 17:7a and locks slide 1739 home. When the selec 
tion carriage is being returned to its right-hand, or home, 
position, abutment 1723a on trip lever 1723 will abut 
formation 1722 of latch lever 1729, as shown in FIG. 87, 
and rotate it clockwise to thereby release tongue 1718. 
Downward movement of lever 1723 is limited by a stop 
1723b (FG. 83) so that lever 1723 continues to be car 
ried to the right, abutment 1722 Swings down to disengage 
it, and the parts come to rest in the position shown in 
FIG. 62. 
With this arrangement, the decimal point can be insert 

ed by means of key 1657 at any selected ordinal loca 
tion during the entry of a value into the selection mech 
anism 323, and after the entry has been entered into 
either the primary accumulator or the storage mechanism 
of the machine and the selection mechanism restored to 
its right-hand, or home, position, the decimal entry key 
is released (levers 1723 and 1720) so that the ordinal 
position of the decimal point for the next entry can be 
similarly selected. 
A marker tongue 725 (FIGS. 7 and 61) extends rear 

Ward from the right-hand portion of the slide 1739 and 
overlies the dial portions 332 (see also FIG. 8) of the 
Selection sectors to clearly indicate to the operator of the 
machine the ordinal location of the decimal point. 
A strut formation 759 extends rearward from the 

left-hand end of the slide 1739, and the arm 1726 (FIGS. 
7, 63 and 83) extends to the right of the rear end of 
the strut formation and is disposed directly under the ex 
tension 1685 of slide 1703. (In FIG. 61, strut 1759 and 
arm i726 are concealed by parts 1794 and 1681.) At 
its right-hand end, the arm 1726 has a rearward directed 
hook formation which engages the depending tail 1671 
of the carriage 667. When the hook of arm 1726 en 
gages the tongue 1671, it will carry the carriage 1667 to 
the left to position the stop 1669 in the proper ordinal 
position to print a desired decimal point. 
An index bail 1727 (FIGS. 61, 63 and 64) is slidably 

mounted on legs 728 and 1729 on the shaft 1286 which 
extends transverse the machine immediately above the 
machine actuating sectors 450. This bail has a cross 
member provided in its forward edge with a series of 
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spaced, substantially rectangular teeth 730 and in its 
rear edge with a series of triangular teeth 73, the pur 
pose of which will be later described in detail. A lever 
732 extends forward and rearward of the machine be 

tween the left-hand end of the slide 1673 and the bail 1727 
and this lever is rockably mounted intermediate its length 
on a substantially vertical, fixed stud 733 and is spring 
urged in a counterclockwise direction by a spring 757. 
The forward end of the lever 732 is provided with a 
notch receiving the pin 633 on the side 678 and the rear 
end of the lever carries an up projecting pin i734 which 
is engaged in a guide formation extending for Ward from 
the left-hand bail leg 728 of the bail 1727. 

With this arrangement, the lever 732 transmits the 
movements of the slide 678 to the bail 727 in substan 
tially the same amount of movement, but in the opposite 
direction. 
A series of rack teeth 735 is provided on the right 

hand portion of the forward edge of the slide 1677 (FIG. 
85) and an arm 1736 is rockably mounted at its right 
hand end on the slide 739 by a pivotal mounting (FIGS. 
7, 63 and 83). This arm has at its left-hand end a detent 
formation engageable with the rack teeth. 735. The slide 
1703 has its front edge terminating in an inclined cam 
edge 737 (FGS. 7 and 84) spaced from the right-hand 
end of this slide. The arm 736 carries at its left-hand 
end a roller E738 to prevent the nose of arm 736 from 
being engaged with the rack teeth 735 upon right-hand 
movement of the arm 736 relative to the slide 703 to an 
extent to bring the roller 1738 to the right of the cam 
edge $737. The straight front can face of the slide 
1703, between the cam edge 737 and the right-hand 
end of this slide, will maintain the arm 736 out of en 
gagement with the teeth 735 as long as the roller 738 
is opposed to this portion of the front edge of the side : 
73. 
FIG. 61 shows the lever 1688 and slide 1703 in their 

extreme right position, that is, with the ear 376 in the 
-right-most notch of rack. 3649 (FIG. 7). This setting 
determines the rightmost position of frame 1667, ear 
E669 of which controls the printing of the decimal point. 
in this position, ear 669 is aligned with the second from 

- the right of the slots 1665 of guard i627, and it causes 
the decimal point to be printed to the right of the right 
most (lowest) order of the printed value. The two ribs 
of guard 1627 to the right of that position of ear 1669 
(shown in FIG. 61) cover the symbol printing wheel. 
Each rib to the left covers, a numeral wheel. Rack 
649 (FEG. 7) has seven notches for seven different 

decimal point settings, the leftmost setting of ever 680 5 
providing six orders to the right of the decimal point, 
that is, six "decimal places.” 

In the operations of addition and subtraction, the po 
sition of the decimal point will be set by lever 1689 
(FIG. 7). Since this setting controls only the printing 
of the decimal point, the operator must take care to enter 
digits for exactly the number of decimal places thus shown 
in the printed values. If decimal point key 657 is de 
pressed during the entry of a value for addition or sub 
traction, it will affect the position of the printed decimal 
point in that entry only if it selects a greater number of 

- decimal places than does the setting of lever 683. How 
ever, the addition or subtraction will be performed ac 
cording to the number of digits entered, that is, as though 
the decimal point were in the position selected by lever 
1680, a lever 1688 controls the position of the decimal 
point in the printed total or subtotal. 

In order to enter the decimal point by means of key 
657, the key is depressed in its turn in the sequence of 

digits that constitute the value entered. Operation of 
key, 1657 depresses lever 1795 for connecting slide 1739 
(FIG. 83) to the selection carriage. Then, as more 
digits (decimal places) are entered, pointer 725 moves 
left with the check dials 332 for marking the position of 
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the decimal point, Also, hook 726 drives against arm 
i57 (FIG. 7) for moving the frame 2667 and ear 1669 
left with the selector carriage. When key 657 is used, 
nine decimal places are available. When nine digits have 
been inserted after pressing key ió57, frame 667 stops 
against the left supports for guide rods ió64 and pre 
vents further leftward movement of the selection carriage. 
As was explained earlier, lever 732 (FIG. 61) moves 

bail 727 to the right each time that lever 686 is moved 
to the left for selecting a decimal point, and bail i727 is 
additionally moved to the right by hook lever 736 (see 
also FIG. 33) when the selector carriage is restored to 
home position (moved to the right) after key 657 (FIG. 
61) and lever 701 (FIG. 83) have been used to select 
more decimal places than were selected by lever 1680. 
In the latter case, cam 737 (FIGS. 7 and 84) controls 
hook lever 1736 so that bail 1727 is moved by lever 1735 
only a number of orders equal to those extra decimal 
places. The position of bail 727 controls the position 
to which the primary, or movable, accumulator 505 is 

Al 
though some of these operations will be explained in con 
nection with the performance of multiplication and di 
vision, some examples of the discarding of excess decimal 
places from products will be described here. 

in multiplication, ear 1700 may be set in its rightmost 
notch, and the decimal point entered by means of key 
1657. If then two numbers without “decimal places' 
are multiplied, the product will be printed without deci 
mal places, as for example 122 x 111 = 13542. If one or 
more decimal places are put in the multiplier after the 
depression of key 657, roller E738 rolls off cam face 1737 
when the first digit after the decimal point is entered, 
and the tooth of arm 736 will ride over the rightmost 
tooth 1735. For each additional digit entered after the 
decimal point, arm 736 moves to the left over another 
tooth 1735. Leter, when the selection carriage is re 
stored (moved to the right), arm 5736 moves slide 1677 to 
the right until roller 1738 rides onto can 737, that is, 
until it has pulled slide 1677 to the right as many orders 
as were entered after the decimal point. This action 
moves bail 1727 to the right that same number of orders, 
and an arm 228 and a roller 2282 hold it there. Simi 
larly, in the multiplicand, each digit entered after the deci 
mal point (entered by key 1657) causes bail 1727 to be 
moved to the right one order. Bail 1727 controls the 
alignment of the accumulator with the actuator and print 
wheels when a total is taken after a multiplication, and 
has the effect of moving the product as many orders to 
the right as the total of decimal places in the mutiplier 
and multiplicand. The product of 12.2 x 111 will be 
printed as “1354 and the product of 12.2X 11.1 as "135.” 
Thus, if lever 680 is set with ear 1700 in the rightmost 
notch, any number of decimal places may be entered, 
up to a total of nine decimal places in multiplier and 
multiplicand, and the decimal point will be printed in the 
correct place, but all orders to the right of the decimal 
point will be discarded when the product is printed. 
However, if the multiplier does not have at least one sig 
nificant order to the left of the decimal point, plus one 
for each extra decimal place in the multiplicand, all or 
ders of the product will be printed and the printed decimal 
point will appear in the wrong place. 

Alternatively ear 1700 may be set in some other posi 
tion, e.g., the third notch from the right, for selecting 
two decimal places. With this setting the operator must 
take care that each of the numbers to be multiplied have 
two decimal places or more. Any number entered with 
out the use of key 1657 (FIG. 7) will be handled by the 
machine as having two decimal places. Any number in 
which a decimal point is inserted by key 657 will be 
handled as having the number so inserted, or two decimal 
places (the number of places selected by lever 680), 
Whichever is greater, The maximum number of decimal 
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places that the machine can discard is nine, so that the 
maximum total of decimal places for the multiplier and 
multiplicand is nine plus the number selected by lever 
1680. 

Suppose the two numbers to be multiplied are “1.22' 
and "1.11,” the product of which is “1.3542,” the machine 
will discard two decimal places and print “1.35.' Again 
Suppose that the numbers "1.22' and "1.110' are entered 
and multiplied, the bail 1727 will be moved right a third 
order by the third decimal place (excess over the two 
places set in by lever 1689) and accordingly the machine 
will discard three decimal places and print “1.35.' If all 
the orders of the product are desired, one method is to 
enter the multiplier and multiplicand without a decimal 
point, or with all significant digits to the left of the deci 
mal point. Thus, multiplier, multiplicand and product 
might be printed as "122,” “111” and “13542,” or as 
“122.00,” “111.00 and “13542.00.’ 
An L-shaped bail 1741 is pivoted at 1742 to the left 

hand side of the frame 107 (FIG. 51) and is positioned 
below the index bail 1727. An arm 743 of the bail 1741 
extends up from the pivot 1742 and at its upper portion 
is provided with a cam nose 1748. A crosspiece of the 
bail 1741 extends to the left from the arm 1743 and has 
a rearward directed arm 1744 which has a roller 1745 
that lies on a can plate 1746 secured to the paper feed 
shaft 284. A spring 1747 is connected to the arm 1744 
and urges the roller 1745 to ride on the can surface of the 
cam plate 1746. 
As the paper shaft 284 is rotated when the shift clutch 

is engaged, the cam plate 1746 will oscillate the bail 
1741 in every cylce of the shaft 284. This will cause the 
bail 741 to move its cam nose 1748 into and out of en 
gagement with the notches 1730 on the forward edge of 
the index bail 1727. If the index bail 1727 is out of ordi 
nal alignment, the cam nose 1748 of the bail 1741 will 
align the index bail in proper alignment. Cam plate 
1746 permits cam nose 1748 to disengage the notches 
1730 of bail 1727 only when the shift clutch and the cam 
1746 are in their home positions. Bail 1727 is actuated 
by the movable accumulator 565 during certain shift op 
erations, and bail 1741 prevents bail 1727 from being 
moved right or left at those times. 
A two-arm index detent lever 2278 (FIG. 61) is pivoted 

at 2279 on a bracket 2280 which is fastened to the inner 
side of the left-hand frame plate 102. The arm 2281 
extends to the right, parallel to the index bail 1727. 
This arm is provided at its distal end with the roller 2282 
engageable between the teeth 73 of the index bail 1727. 
A rearward directed arm 2283 of the detent lever 2218 has 
an upturned ear 2284 on its left-hand edge and an ear 
2285 at its distal end. 

Positioned below lever 2278 and also pivoted at 2279 
is a lever 2286 which extends rearward from the pivot 
2279 and has at its rear end an abutment 2287 that lies 
adjacent a collar 2288 fixed to a transverse rod 22.89. 
This rod is guided for transverse movement in the frames 

92 and 10. 
The lever 2286 has adjacent the pivot 2279 an up 

turned ear 2290 abutting the rear of the arm. 2281 of the 
detent lever 2278. A spring 2291 attached to the lever 
2286 urges the abutment 2287 of this lever against the 
collar 2288. With this arrangement, when rod 2289 
and collar 2288 are moved to the left, the lever 2286 
will be rocked in a counter-clockwise direction, as viewed 
in FIG. 61. 
A latch arm 2292 is pivoted on the lever 2285 at 22.93. 

This latch arm has an abutment 2294 at its left end en 
gageable with the upstanding ear 2284 of the detent lever 
2278. To the right of the pivot 2293, latch arm 2292 
has an extension 2295 that is provided at its end with 
a spring 2296 fastened between this arm and the upturned 
ear 229 on the front of lever 2286. This spring urges 
the latch arm. 2292 in a clockwise direction to hold the 
latch 2292 in engagement with the ear 2284. With this 
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arrangement, the levers 2278 and 2286 will move as a 
unit under certain conditions. 
A lever 3005 is pivoted midway its lengts on a stud 

366 to the frame 162 (FIG. 38). The lower end of 
this lever is positioned to the rear of a pin 1892, which 
is an extension of the pivot for an arm 389 (F.G. 55) 
which is pivoted on the upper part of a lever 1885. The 
upper extension of lever 3005 lies behind the latch abut 
ment 2294 of the latch 2292 (FIG. 61). Lever 385 is 
rocked, clockwise in FIG. 55, by cam. 217 shortly before 
the end of each cycle of main shaft 135, and returned rear 
Ward shortly after the beginning of the next cycle. Thus, 
during most of each cycle of main shaft 135, lever 3985 is 
held in its clockwise position (FIG. 38) for holding latch 
2292 forward, and lever 2286 disengaged from lever 2281. 
When main shaft 135 is home, latch 2292 is free to oper 
atively connect those levers. 
The left-hand counter register frame 1472 (FIG. 20) 

has attached to its upper end, a formed arm 3:007 mounted 
on the frame 472 by screws on a cam detent bracket 
1975. This arm 3607 lies in alignment with the right 
hand end of the rod 2289, to move the rod 2289 and its 
collar 2.288 to the left, as viewed in FIG. 61, when the 
primary accumulator 585 and counter register 50 as a 
unit travels to its limiting left-hand position. 
The movement of the rod 2289, as described above, 

will remove the detent roller 2282 from between the teeth 
1731 of the index bail 1727 so that spring 1757 can re 
turn bail 1727 to its extreme left-hand position. It is to 
be noted that although lever 3095 (FIG. 38) lets latch 
2294 (FIG. 61) move rearward against ear 2284 when 
ever main shaft 135 is in home position, the shoulder of 
lever 2294 will be far enough to the right to latch ear 
2284 only if the traveling registers 595, 519 are out of 
their leftmost position. Consequently, as the registers 
505, 516 are shifted into their leftmost position (shaft 
135 being home during shift operations), latch 2294 will 
be in latching engagement with ear 2284 so that the final 
shift of the registers into their leftmost position will move 
rod 2289 to the left for lifting roller 2282 away from bail 
teeth 1731 to let spring 1757 return bail 1727 to its left 
most position. While the registers remain in their left 
most position (during addition and subtraction, and dur 
ing the entry of a multiplier) arm 2286 will be held 
leftward, but the first cycle of main shaft 135 will cause 
arm 3305 to push latch 2294 forward for releasing lever 
2278, and then spring 2291 will hold roller 2282 in en 
gagement with teeth 173 for detenting bail 1727 even 
though abutment 229) is held away from arm 2281. 
When the registers 505, 510 are shifted to the right dur 
ing multiplication, spring 229 pulls arm 2286 to the 
right so that abutment 2292 engages arm 2281 to add the 
force of spring 229 to the detenting action of roller 2282. 
Then as the registers are again shifted to their leftmost 
position (for example, as will be described under "Total 
After Multiplication'), roller 2282 is again lifted of teeth 
1731 to let bail 1727 return to its leftmost position. 

(26) ENTRY OF MULTIPLEER 
in order to establish automatic multiplication, the multi 

plier is first set up in the selection mechanism by sequen 
tially depressing the keys of the ten-key keyboard in the 
well-known manner. At this time, a decimal point may 
be inserted into the multiplier in the manner described 
above. The multiplier entry (X) key 306 (FIG. 55) is 
then depressed to enter the multiplier into the multiplier 
storage mechanism, generally indicated at 59 (FIG. 19). 
As previously explained, multiplier entry (X) key 366 

has a flat stem 528 (FIG. 55), carrying at its lower end 
the roller 529 bearing on the upper edge of the lever 
1525 rockably mounted intermediate its length on the 
pivot stud 1526. The lever 1525 is rocked in a counter 
clockwise direction, as viewed in F.G. 55, when the 
multiplier entry key is depressed, to raise the pin 524 
projecting to the right from the front end of this lever. 
The pin i524 extends through an aperture 1527 in the 
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left-hand frame plate 05 of the machine and engages 
a rearward projecting arm 545 of the bail 14.6 (FIGS. 
4 and 79) to rock this bail in a clockwise direction, as 
viewed in F.G. 55. At its right-hand end, the bail 4;6 
is connected to the link 417 (FIGS. 29 and 79) to oper 
ate the symbol printing mechanism of the machine, as 
has been previously described. 
As shown in FIG. 79, the pin 1524 also engages the 

can edge A523 at the bottom end of the lever 1522, 
and rocks this lever in a counter-clockwise direction. The 
lever 1522 is one arm oft he bail 1517, a second arm 

5. 
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1516 of which is connected by the linkage 1515, 1520 
and 513, to the hook 1589 to engage this hook with the 
pin 585 on the cam-operated lever 1594 to set the servo 
mechanism, which, when the add-subtract cam 227 turns, 
acts through the lever 1501, link 1498, bail 495, link 
493 and the arms 492 and 489 to rock the levers 148 

and 1482 to shift the storage mechanism 518 forward and 
engage the drive gears 1489 thereof with the actuator 
sectors 450. From the position of the cam following 
roller 506 on the add-Subtract cam 227, as shown in 
FIG. 79, it will be apparent that the storage mechanism 
is rocked to engage the actuator sectors at the end of the 
first half of the operating cycle and just before the actua 
tor bail 453 begins its upstroke to return the actuator 
sectors to their full-cycle, or “0,' position. 
As has been previously explained in connection with 

F.G. 4, the stem 1528 of key 366 also carries a pin, or 
roller, 173 which engages the cam edge 172 of the motor 
and clutch control slide 63 to move this slide forward, 
thereby closing the motor control switch. 
As there is no provision for lowering the forward end 

of the link 748 (FIG. 29) to disengage shoulder 754 
from tongue 482 for preventing the operation of the add 
pendant gear unit 475 (FIG. 32), the add-subtract cam 
227 will move this unit to engage the selection sectors 
338 at the beginning of a cycle to read the value out of 
the selection mechanism and into the actuator sectors 
45) during the first half of the cycle. - 
The pin 353 (FIG. 55) projects to the left from the 

intermediate portion of the multiplier entry key stem 1528 
and this pin engages the top edge of the front end 1362 
of the double lever 1363 (FIG. 48) previously described 
in connection with the keyboard clearing operation. De 
pression of the multiplier entry key thus rocks the lever 
363 and sets the hook 1370 (FIG. 48) in position to 
engage the left-hand end portion of the gear shaft 430 
(FIG. 21) of the add pendent gear 475 to precautiously 
block this add pendent gear mechanism from moving into 
engagement with the grand total register to make a false 
entry in this register during the second half of the oper 
ating cycle. As neither the addition hook 738 (FIG. 
25) nor the subtraction hook 779 (FIG. 26) is raised by 
the depression of the multiplier entry key, neither of the 
add pendent gear trains 512 or 526 will be moved into 
mesh with the drive gears of the primary accumulator, 
and the multiplier will not be entered into the primary 
accumulator at the same time that it is entered into the 
storage mechanism 520. 

Near the end of the cycle, the cam following roller 
1506 (FIG. 79) rides off of the high portion of the cam 
227, and the spring 1507 rocks the lever 1504 in a counter 
clockwise direction, as viewed in FIG. 79. This frees the 
hook 1589 to drop away from the pin 1505, and the link 
1498 to return to its forward limiting position at which 
the lower end of the lever 1501 rests against the stop 
1503. A spring 1499 then pulls the link 493 down and 
the spring 1488 rocks the levers 1481 and 1432 in a direc 
tion to move the counter storage mechanism 519 rear 
Ward and out of mesh with the actuator sectors 459. 
The multiplier is now stored in the multiplier storage, or 
quotient register, unit 510. Since the multiplier entry 
procedure is a single cycle operation of the machine, in 
volving no repeat action, the selection mechanism will be 
cleared of the multiplier value during the first half of the 
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cycle when the input value is read out of the selection 
mechanism into the actuator sectors. During the latter 
portion of this same cycle, the shiftable unit of the selec 
tion mechanism is restored to its right-hand, home, posi 
tion. This puts the selection mechanism in condition to 
receive the multiplicand. The multiplicand is entered 
in the usual manner by successive depression of the digit 
keys and automatic multiplication may then be initiated 
by depression of the multiplication or (=) key 307. 

(27) AUTOMATIC MULTIPLICATION 
The flat stem 1415 of the multiplication (=) key 307 

(FIG. 55) is guided for vertical movement on the verti 
cally spaced studs 1750 and 1751 extending through corre 
sponding, longitudinal slots in the key stem. The key is 
resiliently urged to its raised position by a suitable ten 
Sion spring, not illustrated. The latch lever 654 de 
pends from a fixed stud 1753 and is formed near its lower 
end with a down facing shoulder 754. When the key 
307 is depressed, a pin 1755, carried by the key stem, en 
gages under the shoulder 1754. so that the key is held 
depressed until it is automatically released at the end of 
the multiplication operation. 
At the end of the multiplication operation, the link 

1653 is pulled rearward by engagement of the pin 459 
with the tongue 1655 on the rear end of link 1653 in the 
manner previously described. A blocking lever 1756 is 
also mounted on the stud 1753, and has a shoulder en 
gageable under the pin 755 to preclude depression of 
the key 307 if the latch lever 1654 is moved to its key 
releasing position before the key 307 is depressed. The 
multiplication key 307 thus cannot be depressed unless 
the latch lever 1654 is free to latch it in depressed posi 
tion. The key stem 1415 carries the pin 172 which is 
engageable with a cam edge 170 of the motor switch and 
clutch control slide i63 (FIG. 4) to establish cyclic opera 
tion of the machine when the multiplication key is de 
pressed. 
As was previously explained in connection with the 

Symbol printing mechanism, the roller 144, carried near 
the lower end of the key stem 1415 of key 307 (FIG. 
55), engages the forward facing cam edge 1413 of the 
lever arm 412 and rocks this lever arm and the shaft 
498 in a counter-clockwise direction, as viewed in FiG. 

55, when the multiplication key 307 is depressed. 
Referring to FIG. 48, the bail lever 1762 rocks on the 

shaft 164 and has the rear arm 1343, a down extending 
arm 1783 and a pair of similar substantially parallel, for. 
Ward extending arms, of which the left arm 1761 is shown 
in FIG. 48. The right forward arm 1761a (FIG. 89) 
of this bail 1762 underlies the latch pin 1755 (FIG. 55 ) 
on stem 1415 of the multiplication (=) key 307. Pin 
1755 is aligned with a pin 2034 (FIG. 65) on stem 2030 
of division (--) key 310. The intermediate portion of 
this same right arm 1761a overlies a pin a 763 (FIGS. 12 
and 89) which is carried by the upright strut 430 (FIG. 
12) of the repeat control mechanism. When this for 
Ward arm of bail 1762 is forced down by the pin 1755, 
upon depression of the multiplication key, the strut 436) is 
also forced down. At its lower end, the strut is con 
nected to the rear end of the arm 431 of the bail 1764, 
rockably mounted on the shaft 432. The second arm 
1765 of this bail carries the pin 433 which engages the 
lower end of the Zero latch lever disabling member 434 
and moves this member to its zero latch disabling posi 
tion upon a downward movement of the strut 430. At 
its upper end, the strut 430 is pivotally connected at 1766 
(FIG. 13) to the right-hand end of an arm 1767 of the 
lever 420 to rock this lever in a clockwise direction, as 
viewed in FIGS. 13 and 89, and move the hook forma 
tion 407 (FIG. 12) of the selection carriage restore link 
405 out of the path of the stud 408 on the cam 217 to 
thereby disable the carriage restore mechanism. With 
the Zero latch mechanism and the carriage restore mecha 
nism both disabled, the multiplicand will remain in the 
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selection mechanism of the machine during the successive 
machine operating cycles from the beginning to the end 
of the multiplication operation. 
An interponent lever 1768 (FIG. 48) is rockably 

mounted, intermediate its length, on the pin 1368 at the 
upper end of the third, or intermediate, arm 1369 of the 
print blocking lever 1338. This lever is resiliently urged 
to rock in a clockwise direction, as viewed in FIG. 48, by 
spring 1769, connected between one end of the inter 
ponent lever 1768 and the arm 345 of the print block 
ing lever 1338. The rearward projecting arm 1343 of 
the bail 1762 carries, at its rear end, a roller stud 770 
bearing on an up facing cam edge of the interponent lever 
1768 disposed rearward of the pin 1368. The spring 
1342 normally urges the bail 1762 to rock in a counter 
clockwise direction, as viewed in FIG. 48, and this main 
tains the interponent lever 1768 rocked in a counter 
clockwise direction against the force of spring 1769, the 
spring 1342 being stronger than the spring 1769. When 
the multiplication key 307 is depressed and the bail 1762 
is rocked in a clockwise direction, as viewed in FIG. 
48, the spring 1769 rocks the interponent lever 1768 in 
the clockwise direction and positions the rear end of this 
interponent lever in the path of a stud 1771 carried by 
the print cam 220. 

Near the end of the first operating cycle after the mul 
tiplication key has been depressed, the stud 1771 engages 
the rear end of the interponent lever 1768 and rocks the 
print blocking lever 338 to its print blocking position. 
A latch hook 1772 is rockably mounted at its lower end 
on a pivot stud 1773 carried by a frame bracket 1774 
at the front end of the machine, and has at its upper end 
a hook formation engageable with a stud 1775 carried by 
a rearward extension of the arm 1340 of the print sup 
pressing lever 1338. The latch hook is urged to stud 
latching position by a tension spring 776 and is normally 
held in inoperative position by a bail 1777 rockably 
mounted on a pin 1760 carried by the bracket 1774. The 
bail 1777 has a forward projecting arm 1778 which car 
ries a stud 1779 overlying a forward projecting toe for 
mation 1780 of the latch lever 1772. When the bail 1777 
is held in its normal position, that is, rocked in a clock 
wise direciton, as viewed in FIG. 48, the stud 1779 bears 
on the upper edge of the toe formation 1780 and holds 
the latch hook 1772 out of position to engage the stud 
1775. The bail 1777 has an arm 781 projecting up from 
the bail pivot 1760 and connected at its upper end by a 
link 1782 with the lower end of the depending arm 1783 
of the bail 1762. With this arrangement, as long as the 
bail 1762 is maintained rocked in its normal counter 
clockwise direction by the spring 1342, the latch hook 
1772 is maintained in inoperative position. However, 
when the bail 1762 is rocked in the clockwise direction 
by depression of the multiply key 307, the bail 1777 is 
rocked in the counter-clockwise direction, as viewed in 
FIG. 48, and the hook 1772 is released for movement by 
its spring 1776 to engage the stud 1775 and latch the print 
blocking lever 1338 in its print blocking position when 
the lever is moved to this position by the action of the 
stud 1771 on the interponent lever 768, as described 
above. The printing operation of the machine will thus 
be blocked after the first machine cycle of the multipli 
cation operation, and will be restored when the multipli 
cation key 307 is released at the end of the multiplication 
operation, as will be later described. 
An angularly shaped lever 1785 (FIG. 55) is mounted, 

adjacent its midlength location, on the shaft 83i, which 
extends transverse the lower portion of the machine ad 
jacent the midlength location of the base 100, and is 
firmly supported by the upright plates of the machine 
frame. This lever has an arm 1787 projecting forward 
from the shaft 83, and a second arm 1788 projecting up 
and reraward from the supporting shaft. 
is fixed to, and extends rearward from, the shaft 43 and 
this arm has at its rear end, a pin-and-slot connection 

86 
1790 with the forward end of the lever arm 1787 so that 
the lever 1785 is rocked in a clockwise direction, as viewed 
in FIG. 55, when the multiplication key 397 is depressed 
to rock the lever arm 1412. Near its free end, the lever 
arm 1788 is provided with a forward facing abutment for 
mation 1791 which engages a pin 792 and moves this 
pin forward when the lever 785 is rocked. The free end 
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of this lever arm i788 is bail-shaped and includes a cross 
portion 1793 (FIGS. 18 and 55) which extends to the 
right from the end of the lever arm 1788 and terminates 
in a depending abutment formation 1794. The abutment 
formation 1794 is disposed rearward of a pin 1795 and 
is effective to move this pin forward when the lever 1785 
is rocked by depression of the multiply key 307. 
The pin 1795 projects laterally from the lower end of 

a lever 1784 (shown also in FIG. 92) so that this lever 
is rocked in a counter-clockwise direction, as viewed in 
FIG. 55, when the multiply key 307 is depressed and the 
pin and roller 1445, carried at the upper end of this lever 
1784, moves rearward and depresses the cam edge 455 
(FIG. 51) of the link 461 and lowers the hook formation 
460, at the forward end of this link, into engagement with 
the pin 459 on the actuator member 449. This connec 
tion will cause the link 461 to reciprocate forward and 
rearward during each subsequent operating cycle of the 
machine until the end of the multiplication operation, 
and this action will rock the arm 1640 and the shaft 1491 
(FIGS. 51 and 81). As was explained in connection 
with FIGS. 14 and 19, rocking of the shaft 1491 acts, 
through the lever arm 1626, to move the slide 1622 back 
ward and forward and the slide 1622 drives the feed pawl 
1628 for reading the value of the multiplier out of the 
storage mechanism. 
The pin 1792 (FIGS. 18, 55 and 91) projects laterally 

from the front end of a slide 1796 extending longitudinal 
of the left-hand side of the rear portion of the machine. 
This slide is supported at its rear end by a stud 1797 pro 
jecting from the depending arm 1793 (FIG. 55) of a 
three-armed lever 1799 rockably mounted intermediate 
its length on a fixed pivotal mounting 1880. The slide, 
or link, 1796 is connected by a pivot pin 1891 to the 
lever 1461 rockably mounted at its upper end on the 
shaft 265. At its lower end the lever 1461 carries the pin 
1469 (FIG. 58), which projects to the right from the 
lever 1461, and is engaged in the groove 1459 of the right 
shift sleeve 1448. When the lower end of lever 46A is 
thus moved forward, pawl 1464 (FIGS. 59 and 60) is set 
for right shifting of the primary accumulator and the 
multiplier storage mechanism throughout the multiplica 
tion operation. 
When the multiplication (=) key 307 is depressed, 

the machine is conditioned for an automatically selected 
addition or subtraction operation. As shown in FIGS. 
25, 26, 73, 74 and 76, a pair of substantially vertical 
levers 1895 and 1806 is rockably mounted, intermediate 
their length, on the shaft 851 disposed forward of, and 
somewhat above, the main drive shaft 135. The lever 
1895 (FIG. 25) extends up from the shaft 85 past the 
lever 730 which controls the add pendent gear mecha 
nism of the machine, and at its upper end, this lever car 
ries a laterally disposed roller 1807 which overlies the 
upper edge of the add control lever 730. With this ar 
rangement, when the lever 1805 is rocked in a counter 
clockwise direction, as viewed in FIG. 25, the hook 738 
of the add control link 736 is raised to engage the laterally 
projecting tongue 523 on the bail of the add pendent gear 
512 of the rear, primary, or shiftable accumulator 565, 
and move this add pendent gear to operative position to 
thereby accomplish an addition cycle of the machine. 

Referring to FIG. 26, subtract lever 1806 has a por 
tion extending up from the shaft 851 past the subtraction 
control lever 772. This lever carries, at its upper end, 
a laterally disposed stud, or roller, 1808 overlying the 
upper edge of the lever 772. With this arrangement, 
when the lever 1806 is rocked in a counterclockwise di 
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rection, as viewed in FIG. 26, the lever 772 is rocked to 
raise the hook 779 on the Subtraction control link 775 
to engage the tongue 535 on the bail. 534 of the subtract 
pendent gear 526 of the shiftable accumulator 595 to rock 
this pendent gear to operative position and thus establish 
a subtraction operation of the machine. 
The lever 1805 is resiliently rocked in the counterclock 

wise direction, as viewed in FIG. 25, by a tension spring 
1869, and the lever 1806 is resiliently rocked in the same 
direction by a corresponding tension spring 810. 

Lever 1895 is normally held against rocking movement 
by the spring 809 by one arm 18 of a three-armed 
lever 1812 rockably mounted on the shaft 744 (see also 
F.G. 73). At its forward end, the arm 8 has a trans 
verse shoulder which engages a stud 183 projecting lat 
erally from the lower end of the lever 805. When 
the lever 852 is rocked in a clockwise direction, as viewed 
in F.G. 25, the forward end of the arm i3A is raised to 
release the stud 1853 from the shoulder at the forward 
end of the arm 8 and thus free the lever E395 for rock 
ing movement, The lever 895 has a rearward directed 
extension intermediate its length, carrying, at its rear end, 
a laterally projecting stud, or roller, 84. The restore 
cam 229 (FIGS. 5 and 6) on the main cam shaft 35 
engages the stud 84 near the end of an operating cycle 
of the machine and, if the lever 1805 has been released 
during this cycle, rocks the lever back to an extent at 
which the stud 1813 is in position to be engaged by the 
shoulder at the forward end of the arm 8 to again 
latch the lever 1865 in inoperative position. 
The three-armed lever 81.2 (FIG. 73) has an up di 

rected arm 1816, the purpose of which will be described 
in connection with the division operation of the machine, 
and has a down and rearward directed bail portion 87 
carrying at its lower end a laterally projecting stud 1818. 
This bail is resiliently rocked in a counterclockwise di 
rection, as viewed in FIGS. 25 and 73, by a spring 899 
connected between the tail portion 1817 of the bail and a 
fixed spring Support S20. 
A three-armed bail lever 821 (FIG. 73) is rockably 

mounted on the shaft 74 and has an up extending arm 
1825 to the right of lever 1812 (left and forward as seen 
in FIG. 73). This lever 82 has a cross bail 1804 ex 
tending to the left (right and rearward in F.G. 73) 
and has a forwardly projecting arm 1822 provided at 
its front end with a shoulder, or abutment formation, 
i823 which is normally engageable with a stud 1824 
projecting laterally from the lower end of the lever 806 
to normally hold this lever against being rocked by the 
spring 1810 (see also FIGS. 26 and 76). The three 
arined lever 82 has a rearward and downward extend 
ing tail portion 1826 carrying a laterally projecting stud 
1827 at its rear end. The lever 182 is resiliently rocked 
in a counter-clockwise direction, as viewed in FiGS. 26 
and 73, by a spring 1828 connected between the tail por 
tion 326 and the fixed spring anchor $820. 
When the three-armed lever 821 is rocked against the 

force of the spring 1828 to raise the forward end of the 
lever arm 822, this releases the lever 805 to be rocked 
by the force of spring 8:0 to place the machine in Sub 
tractive operation. Near the end of each operating 
cycle, the ever 866 is restored to a position at which the 
abutment formation 1323 can re-engage the stud 2.824 by 
the cam 228 on the main cam shaft 35, engaging a cam 
following rollier 830 carried by the ever 1806. 
As is particularly shown in FIGS. 73, 74 and 75, a link 

835 extends rearward from the stud 88 on the tail 
portion of the lever 1812. A similar link 836 extends 
rearward from the stud 827, carried by the tail portion 
1826 of the bail 1821. If these links are in longitudinal 
alignment with the corresponding studs, a forward move 
ment of the link 1835 will rock the lever 82 to release 
the addition control lever 35 and a forward movement 
of the link 1836 will rock the three-arned bail 82 to 
release the subtraction control lever 1866. Normally, 
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however, the front ends of the links 835 and 836 are 
positioned out of alignment, above the corresponding 
Studs, as shown in FIG. 74, so that forward movement of 
the links will not rock the bail or the three-armed lever. 
As has been previously explained in connection with 

FIG. 55, depression of the multiplication key 337 rocks 
the shaft 408 by rocking the arm 452. As has also 
been explained in connection with FIG. 57, rocking of the 
shaft 488 rocks the lever 407 and moves the link 4:1 
forward. As shown in FIG. 25, the link 1412 is pivotally 
connected at its rear end to the lower end of a depending 
arm 837 of a bail 1838, rockably mounted on the shaft 
831 at the lower right-hand side of the machine. The 
bail i838 has an up and rearward projecting arm S40, 
which carries at its rear end a laterally projecting pin 
584, which extends through longitudinal slots 1842 and 
i843 provided at the forward ends of the links 335 and 
836, respectively (FIGS. 25 and 26). 
With this arrangement, when the multiplication key 

367 is depressed and the link 14 moved forward, the 
bail i838 is rocked in a clockwise direction, as viewed in 
Fig. 25, and the forward ends of the links 1835 and 836 
are lowered into alignment with the studs 858 and 1827 
to engage those studs if these links are moved forward. 
At its rear end, the link 835 is pivoted to the lower 

end of a depending arm 845 (FIG. 25) of a bail 846 
rockably mounted on the shaft 1496 disposed at the lower 
rear portion of the machine. A rearward projecting 
arm 843 of the bail 1846 is pivotally connected to the 
lower end of a substantially vertical link 1849. The 
upper end of this link is pivotally connected to the rear 
end of a rearward extending arm i850 of a geniculate 
sensing lever 1853. The lever 85 is rockably mounted 
at its forward end on transverse stub shaft 852 fixed to 
frame member is (see also FIG. 14). Lever 85 has 
an up projecting arm E853, the upper end of which is 
disposed to be engaged by an upper sensing slide 1854. 
The forward end of slide 854 (FIG. 14) is articulately 
joined to the upper sensing lever 1590 of the multiplier 
Storage unit, by a pin 1863 near the right end of that lever. 
Slide 1854 has an offset abutment 864 at its rear end 
which is held in alignment with the upper arm 853 of 
lever 85 by a pin 1865 and angle bracket 1866 fixed to 
bracket 160. When the slide 854 is moved rearward 
by lever 59 (F.G. 14), the lever 85a is rocked in a 
clockwise direction, as viewed in FIG. 25, rocking the 
bail 1846 to move the link 1835 forward and thereby 
raise the arm 8:5 of bail 822 and free the add control 
lever 1885 for operation. 
The link 1836 similarly is pivotally connected at its 

rear end to a depending arm 1855 (FIG. 26) of a bail 
1856, also rockably mounted on the shaft A496. The bail 
1856 has a rearward projecting arm .357, and a substan 
tially vertical link 1858 is pivotally connected at its lower 
end to the rear end of the arm 857. At its upper end, 
the link 1858 is pivotally connected to the rear end of a 
rearward projecting arm 1859 of a second sensing lever 
1868 rockably mounted at its forward end on the shaft 
1852. Bail 1855 (FIG. 26) lies inside of bail 1846 (FIG. 
25). Consequently, although link 1836 lies to the left 
of link 1835 (right as seen in FIG. 73), link 1858 and 
lever 1860 (FIG. 26) lie to the right of link 1349 and 
lever 1851, as shown in FIG. 14. The lever 1860 has an 
up extending arm 586, the upper end of which is op 
posed to the rear end of a second sensing slide 1862 dis 
posed below the slide 1854. Slide 1862 is articulately 
joined to the lower sensing lever 59, near the right end 
thereof, and guided by pin 1865. It is thus apparent that 
when the multiplication key has been depressed, the addi 
tion and Subtraction operation of the machine is given 
over to automatic selection by the sensing slides 1854 
and 1862. 
The addition and subtraction control of the machine 

during multiplication is automatically selected by the short 
cut multipliaction mechanism in the storage register 50, 
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as has been previously explained in connection with FIG. 
19. If the multiplier value, which has been entered into 
the order of the storage mechanism at the readout station, 
is from '1' to “5,” inclusive, the corresponding positive 
cam 1570 will rock the coordinal lever 1574 and the cor 
responding irregular lever 1580, moving the right-hand 
portion of the upper, or positive, lever 1590 (FIG. 14) 
rearward. This is occasioned by the pressure of the abut 
ment formation 1582 on the irregular lever 1580 against 
the roller 1596 carried by the transverse lever 1590 near 
the right-hand end of this transverse lever. This rear 
ward movement of the right-hand end of the transverse 
lever 1590 (FIGS. 14 and 15) moves the slide 1854 rear 
ward and rocks the geniculate lever 1851, forcing the link 
1849 down (FIG. 25). This forces the link 1835 (FIG. 
25) forward and rocks the three-armed lever 1852 to 
condition the machine for additive operation. 

If the value of the multiplier digit in the order of the 
storage mechanism at the readout station is a value from 
'6'' to “9, inclusive, the cam 1571 (FIG. 19) will rock 
the subtract control lever 1576 and the lower irregular 
lever 1585 so that the abutment 1588 on the lever 1585 
will exert pressure on the roller 1597 and force the right 
hand end of the lower transverse lever 591 rearward 
(FIGS. 14 and 15). This will move the slide 1862 rear 
ward and rock the sensing lever 1869 to force the link 
1858 down (FIG. 26). This will force the link 1836 
forward and forward movement of this link will rock the 
three-armed bail lever 1821 to release the subtract lever 
1806 and place the machine in condition for a subtractive 
operation. 
The readout position of the rollers 596 and 1597, that 

is, the readout station, is in alignment with the lowest 
order (rightmost order) of the counter register 520 when 
the accumulator 505 is in its extreme left-hand position. 
With the accumulator and the storage mechanism in left 
hand position at the entry of the multiplier into the stor 
age mechanism, all of the multiplier digits except the 
lowest order digit will be to the left of the readout sta 
tion. As the accumulator 505 and multiplier storage 
unit 510 shift to bring levers 1580 and 1585 of successive 
orders into alignment with rollers 1596 and 1597 of the 
readout levers 1590 and 1591, levers 1580 and 1585, when 
held rearward, will engage those rollers and cam them 
rearward. When the multiplier is being entered from 
the actuator, levers 1590 and 1591 will be free and will 
offer no resistance to deflection by levers 1580 and i585. 

Since, as explained above, the hook formation 460 
(FIG. 51), at the forward end of the link 46, is lowered 
into engagement with the pin 459 on the actuator 449 of 
the actuator operating bail mechanism when the multi 
plication key is depressed, and since the multiplication 
key initiates an operating cycle of the machine, the slide 
1622 (FIG. 19) will be reciprocated forward and back 
ward. If the multiplier value at the readout station is “5” 
or less than “5,” the multiplicand in the keyboard will 
simply be added into the primary register a number of 
times corresponding to the value standing in the storage 
gear at the readout station. As has been previously ex 
plained, the correct number of additions is counted by 
the readout feed pawl 1628 engaging the readout ablit 
ment 1630 at its forward end with the teeth of the gear 
1478 below the gear axle 1475 and turning the gear back 
toward '0' one unit for each operating cycle of the ma 
chine. The proper engagement of the feed pawl with the 
gear is controlled by the levers 1574, 1586, 1590 and 1610 
(FIGS. 14, 15 and 19), rocking the forward end of the 
guide cam 1613 up so that the guide pin 1637 on the feed 
pawl passes below the oppositely tapered, returned end 
portion 1621 of the guide cam, as has been previously 
explained. 

If the value in the storage gear 1478 at the readout 
station is a number from “6” to "9,' the levers 1577, 1585, 
1591 and 1610 will be rocked to lower the front end of the 
guide cam 1613 and the front end of the feed pawl 1628 
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will then be raised by engagement of the guide pin 637 
with the upper edge of the returned end portion 1621 of 
the guide cam, so that the abutment 1630 at the front end 
of the feed pawl will engage the teeth of the gear 1478 
above the gear axle 1475. This will feed the gear 1478 
forward to "0" so that the multiplicand value standing in 
the keyboard will be subtracted from the primary ac 
cumulator a number of times equal to the tens-comple 
ment of the value standing in the storage gear 1478 at the 
readout station. As the gear 1478 turns from '9' to “0,' 
a tens-transfer will be made to the storage gear of the 
next higher order, as has been previously described. 
With this short cut method of multiplication, if for 

example, a multiplier value of "458” were entered in the 
multiplier storage mechanism and then a multiplicand 
value of "2000" were entered in the keyboard and the mul 
tiplication or (=) key 307 were depressed, the machine 
would first respond to the '8' and subtract the '2000' 
multiplicand value twice from the original “0” value in the 
accumulator, leaving the accumulator standing at negative 
“4000.” The accumulator and the multiplier storage 
mechanism would then be shifted one order to the right. 
Since the value of "5" in the second order of the multi 
plier would have been increased to “6” by the tens-trans 
fer when the lowest order storage gear was read upward to 
"0", the machine would respond to the “6” by subtracting 
four times. This, in effect, subtracts a value of “80,000 
from the accumulator to leave the value in the accumu 
lator standing at negative “84,000.’ Since the first or 
highest digit of the multiplier will now be changed from 
"4’ to '5' by the tens-transfer at the end of the readout 
of the Second order storage gear, the multiplicand value of 
'2000' will now be added five times in the third order of 
the multiplier, adding "1,000,000” to bring the accumu 
lator to a final value of “1,000,000' minus '84,000” or 
"916,000," which is the product of the multiplier and 
multiplicand given. What has actually been accomplished 
has been to multiply the dividend of "2000” by '500' 
giving a value of “1,000,000” and then subtracting “4,000" 
and '80,000," or a total of "84,000” from this value, 
leaving a remainder of '916,000,' which is the correct 
value. When a multiplier storage gear has been returned 
to its '0' position at the readout station. this frees the 
associated lever 1574 or 1577 (FIG. 19) to rock to its 
normal position, at which the front end of the lever is lo 
cated adjacent the gear shaft 1475. This, acting through 
the link and lever train, moves the link 1835 (FIG. 25) 
or the link 1836 (FIG. 26) rearward, thereby freeing the 
lever 82 or 182. Then, as soon as the cam 229 or the 
can 228 returns the released lever 1805 or 1806 to its 
latching position, the lever is latched by the bail arm 1811 
or 822, and the addition or subtraction operation of the 
machine is disabled. It then becomes necessary to shift 
the primary accumulator and the storage mechanism one 
order to the right to bring the gear 1478 carrying the next 
order of the multiplier to the readout station. 

Before the multiplication operation begins, lever 270 
(FIG. 2) will have been rocked to raise its rear end and 
rock the lever 1256 in a clockwise direction, as viewed in 
FIG. 52. This rocking of the lever 1256 will pull the 
hook lever 257 down and disengage the tabulating move 
ment of the carriage. Since multiplication after the first 
machine cycle is a nonprinting operation, lever 1270 (FIG. 
2) will be latched in an inoperative position by latching 
dog 1285. The lever 1180 (FIG. 52) will be latched 
in its clutch-disengaging condition by latch lever 1185. 
The lever 1180 will not be unlatched during this opera 
tion and the carriage return drive clutch will remain dis 
engaged. This latched condition of lever 1180 takes the 
load of the spring 1199 off of the pin 1200 and frees the 
shaft 265 (FIG. 51). Freeing of the shaft 265 from the 
action of the spring 1199 leaves the arm 264 (FIGS. 55 
and 92) free for operation by the readout sensing ele 
ment of the multiplication mechanism, as will now be de 
Scribed. 
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When the storage gear 1478 at the readout station has 
been returned to its "0" position, and the pressure of the 
abutment formation 1582 (FIG. 19) has been relieved 
from the roller 1596, or the pressure of the abutment 
1588 has been relieved from the roller 1597, as the case 
may be, whichever of the levers 590 or 59A was held 
in rocked position, with its left-hand end displaced for 
Ward, is released to return to a position parallel to the 
alternative lever (FIG. 14). This frees the sensing yoke 
662 (FIG. 51) to move rearward. 
Referring to FIGS. 55 and 92, the lever 66 is 

rockably mounted intermediate its length on the shaft 265 
and is pivotally connected at its upper end to the forward 
end of a tail 1874 (F.G. 51) of the yoke 1602 by the 
connecting pin 1665 extending through an opening in the 
rear left-hand frame plate of the machine. The lever 
i606 is resiliently urged to rock in a counter-clockwise 
direction, as viewed in FIG. 55, by a tension spring 
1873 and is normally latched against such rocking move 
ment by a hook 1874, which is mounted on a pin 1875 
and engages a pin 876 projecting from the lever 636. 
The hook 1874 has a depending dog formation 877 which 
bears against the forward edge of the cross portion 793 
at the rear of the lever arm 788 (FIG. 18) so that, 
when the lever 1785 is rocked in a clockwise direction, 
as viewed in FIG. 55, by the depression of the multi 
plication (=) key 307 and as explained above, the hook 
1874 is moved counter-clockwise to release the lever 1686. 
The spring 373 then rocks the lever 1606 until the rear 
end of the yoke 1622 (FIG. 51) is brought to bear against 
the forward edge of the lever 590 or 592, which has 
its left-hand end displaced forward, and to move rear 
Ward to engage the forward edges of the left-hand por 
tions of both of these levers when the levers are brought 
to parallel position by reading out to "O' the value in the 
Storage gear at the readout station. This rearward move 
ment of the yoke 602, when a value in the storage gear 
at the readout station has been read out to the “0,' will free 
the spring 1873 to rock the lever 606 in a counter 
clockwise direction, as viewed in FIGS. 55 and 92. The 
lever arm 264 is fixed to one end of the shaft 265 and a 
three-armed lever 1878, particularly shown in FIGS. 44 
and 45, is fixed to this shaft to the right of arm 264. The 
lever 1878 has an upward extending arm 1880 carrying 
at its upper end a pin 879 which extends to the right, 
past the rear edge of the upper portion of the lever 1606 
(FIGS. 56 and 92), so that, when the lever 1606 is rocked 
in a counter-clockwise direction, as explained in connec 
tion with FIG. 92, lever 1606 will abut pin 1879 to also 
rock the shaft 265 and the arm 264 in a counter-clockwise 
direction, although the lever 1606 is itself freely rockable 
on the shaft 265. The lever 1878 has a downward and 
rearward projecting arm 881, carrying at its lower end 
a laterally projecting pin 1882, and a downward and 
slightly forward extending arm 883, carrying at its lower 
end a laterally projecting pin 1884. The purpose of the 
pins 882 and 1884 will be described later in connection 
with total-taking after multiplication, and with division 
aiigning. 
Rocking movement of the lever 1666 is coordinated 

with the cyclic operation of the machine by the cam 
257 mounted on the main drive shaft 35. As shown in 
FIG. 55, the cam lever 5,885 is mounted at its lower 
end on the shaft 83 which supports the lever 735. This 
lever extends up to the rear side of the can 227 and 
carries a cam following roller 886. Substantially at the 
level of the main drive shaft 35. A spring 1887, con 
nected to the upper portion of the lever 5885 and extend 
ing forward from this lever to a fixed connection, main 
tains the roller 1836 in firm engagement with the periph 
eral edge of the cam. The can 2:17, shown in home 
position in FiG.55, is substantially circular in shape but 
has a single low portion 1883 into which the cam follow 
ing roller 886 rides just before the end of each cycle 
of the machine and which continues into the beginning of 
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the next cycle. The lever 1885 will thus be rocked to a 
limited extent in a clockwise direction, as viewed in FIG. 
55, immediately prior to the end of each operating cycle 
of the machine. The link A.339 is pivotally connected at 
its forward end to the upper end of the lever 1885 by the 
pivot pin 892, and is connected at its rear end to the 
lower end of the lever 566 by a pin-and-slot connection 
1890. The spring 1373 (FIGS. 55 and 92), located on 
the lever 1666, resiliently urges the pin to the forward 
end of the pin-receiving slot in the link. This will cause 
the link 6:5 to be rocked when lever 1885. is rocked, 
but will also permit rocking of the lever 1885 without 
rocking of the lever 66 when this lever 66 is lim 
mobilized by the hook 874. 
As shown in FIG. 3, when the strut 263, connected at 

its upper end to the outer, or distal, end of the lever 
arm 264 (FIG. 92) is forced down when the spring 1873 
rocks the lever 1606 forward, the lower end of this strut 
urges the pin 268 down to engage the shift clutch (FIG. 
3). However, this action of lever 606, controlled by 
cam 27 (FIG. 55), occurs just before the end of a ma 
chine cycle, and therefore occurs while the main clutch 
i36, 135 (FIG. 3) is still engaged. The interlock which 
includes shaft 275 prevents the two clutches from being 
engaged at the same time. Therefore, when lever 1606 
Swings arm 254 (FIG. 92) down, pin 268 cannot move, 
So link 263 is simply compressed. Immediately there 
after, at the end of the machine cycle, the main clutch 
disengages and permits the shift clutch to engage under 
the urging of the resilience of link 263, roller 886 being 
stili in the low of cana 2.57. it will be recalled that the 
main clutch has two control arms 156 and 271 a, each in 
dependently capable of disengaging the clutch by inter 
cepting abutment 43 on pawl 139. During multiplica 
tion, arm 359 is held free of pawl 39 by pin 73 (FIG. 
4) on key 367 and linkage 75, 155 and 15, which also 
keep motor Switch 23 (FIG. 2) closed. Normally, con 
trol arm 27 a is held free of abutment 43 so that arm 
150 exercises control, but the interlock compels arm 271a 
to move into pawl-intercepting position whenever arm 
261 of the shift clutch frees the pawl 253 for engaging 
that clutch. Because arm 27 a carries a roller similar 
to roller 49 on arm 50, and because that roller rides 
a clutch disk 138, similar to disk 137, with a single low 
at hone position, arm 27 a can move into intercepting 
Position only at the very end of the machine cycle. Thus, 
after the reading out of the storage gear 478 (FIG. 19) 
at the readout station to “0” has been sensed by the yoke 
1682, the shift clutch is engaged and the main clutch is 
disengaged at the end of the last readout cycle. Dur 
ing the next cycle, the primary accumulator 595 and the 
storage mechanism 50 will be shifted one step to the 
right, the conditioning of the machine for right shift of 
the primary accumulator, upon depression of the multi 
plication key, having been previously described. As soon 
as the single step to the right has been accomplished, the 
Value in the next order of the multiplier storage gears will 
move one of the levers 593 or 1591 to shift the yoke 
62 forward and disable the shift mechanism until the 

value has been read out of this storage gear. If the next 
Storage gear in order should happen to contain a “0” 
value, a second shift cycle will be accomplished immedi 
ately to bring the third order of the storage gears to 
the readout station. As many successive right shifts will 
be accomplished as there happen to be successive zeros 
in the multiplier. 
The reading out and right shifting operations will con 

tinue until the highest value of the multiplier has been 
read out of the storage mechanism and all of the multi 
plier storage gears are at their “0” position. When this 
occurs, the two bails ió45 and 1646, shown in FIG. 19, 
Will move together so that the upper bail 1645 is free to 
move down. 
A cross, or bridge, member 395 (FIGS. 39, 40 and 

55), extends transversely across the upper portion of the 
machine above, and somewhat forward of, the cross pOr 
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tion of the bail 1645. A lever 1896 (FIG. 40) is dis 
posed at the rear side of the cross-member 1335 and piv 
otally mounted at its right-hand end to the cross-member 
near the right-hand end of the latter by a pivotal mount 
ing 1897. At its left-hand end, the lever 1896 is con 
nected to the right-hand end of a lever 1898 by a pin 
and-slot connection 1899. Intermediate its length, the 
lever 1896 carries a rearward extending arm 900 (FIG. 
39) terminating in a downward extending bracket 190 
carrying at its lower end the roller 1962. The roller is 
disposed rearward of, and somewhat below, the cross 
member 1895 and rides on the upper surface of the cross 
member of the baii 1645 (FIG. 19). The axis of this 
roller extends transverse the machine so that the cross 
member of the bail i645 can pass under the roller as 
the storage mechanism 5 it is moved forward and rear 
Ward, into and away from the position in which it engages 
the actuator sectors of the machine. When the storage 
mechanism is in its normal or rear position, disengaged 
from the actuator sectors, the cross-member of the bail 
i645 is directly under the roller 1902, and when there is a 
multiplier stored in the storage mechanism, the bail is 
raised and raises the roller 1902 and the left-hand end of 
the lever 1896. The lever 1838 (FIG. 40) is rockably 
mounted, near its right-hand end, on the cross-member 
1895 by a pivotal mounting 1903. Raising of the left 
hand end of the lever 1896 raises the right-hand end and 
lowers the left-hand end of the lever 1898. Near its left 
hand end, the lever 1898 has a depending extension, from 
the lower end of which projects a forward extending arm 
1904 (F.G. 39) having a notch in its forward end. A 
pin 1995, projecting laterally from the rear end of the 
bail arm 650, is received in the notch in the forward 
end of the arm 1994. - 

With this arrangement, as long as the arm 1904 is held 
in its lower position by the presence of a value in the 
storage register, the bail i648 is held rocked in a counter 
clockwise direction, as viewed in FEG. 55, and the tongue 
1655 on the rear end of the link 1653 is held above, and 
out of engagement with, the pin 459 on the operator bail 
plate 454. As soon as the last digit of the value stored 
in the multiplier storage mechanism has been read out 
and the bail 1645 descends, the bail 1648 is rocked in 
the clockwise direction, as viewed in FIG. 55, and this 
moves the tongue 1655 down behind the pin 459. This 
action takes place in the first half of the machine cycle 
when pin 459 is moving forward. It will be recalled that 
it is the forward motion of pin 459, acting through link 
461, arms 1640 and 1639 (FIG. 81), shaft 491, arm 
1626 (FIG. 19), slide 1622 and feed pawl 1628, that 
drives the counter gears 1478 during this operation. Dur 
ing the second half of this same machine cycle, pin 459 
moves rearward against ear 1655 (FIG. 55) and moves 
link 1653 and latch 1654 rearward to release the multi 
plication key 307. 

(28) CLEARING KEYBOARD AFTER MULTIPLI. 
CATION 

The release of the multiplication key 397 does not im 
mediately stop the machine since it is necessary for the 
machine to complete one additional cycle to clear the 
multiplicand out of the selection mechanism. As shown 
in FIG. 38, a lever 1910 is rockably mounted at its upper 
end on a fixed pivot 1911 carried by the left-hand frame 
plate of the machine and carries near its lower end, on 
a rearward projecting extension, a cam following roller 
1912 which bears against the forward side of the periph 
eral edge of the cam 215. An up curved link 93 is 
pivotally connected at its rear end to the lower end of 
the lever 1910 and extends forward from the lower end 
of the lever. The forward end of the link 1913 is sup 
ported by a fixed pin 1914 projecting through a longi 
tudinal slot in the front portion of the link. A spring 
1915, connected between the link 1913 and a fixed spring 
pin, carried by the left-hand frame member of the ma 
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chine, resiliently urges the link rearward to maintain 
the roller 1912 in engagement with the edge of the cam 
215 so that the lever 1910 will rock during each cyclic 
operation of the machine and the link will be reciprocated 
backward and forward. 
A bail 1916 (FIG.S. 38 and 42) extends transverse the 

front portion of the keyboard of the machine and is 
rockably supported on a transverse bail shaft 1917. At 
its right-hand end, this bail has a forward projecting arm 
1918 that rests on a pin 1919 projecting to the left from 
the stem 1335 of the CLEAR KEYBOARD key 308, see 
FIGS. 48 and 65. When the bail 1916 is rocked in a 
counter-clockwise direction, as viewed in FIG. 38, the 
forward end of the arm 1918 will be forced down against 
the pin 1919 and will depress the CLEAR KEYBOARD 
key 308 to establish a clearing operating cycle of the 
machine. 
At its left-hand end, the bail 1916 has a depending arm 

1920, upon the lower end of which is pivotally mounted 
an interponent 1921 of geniculate shape (FIG. 38). This 
interponent has a rearward projecting arm 1922 terminat 
ing in an abutment formation 1923, which, when brought 
into opposition to the forward end of the link 1913, 
rocks the bail 1916 to depress the CLEAR KEYBOARD 
key 308, as described above. The interponent 1921 has a 
downward extending arm 1924. A spring 1925, con 
nected between the lower end of the arm. 1924 and the 
pin 1914, normally keeps the interponent rocked to a 
position at which the abutment formation 1923 is above 
the forward end of the link 1913, so that the link passes 
under the abutment formation and the bail 1916 is not 
rocked. 
A second bail 1926 extends transverse the upper inter 

mediate portion of the keyboard and is rockably mounted 
on a bail shaft, or pin, 1927 extending through the side 
members of the keyboard frame. This bail has, at its 
left-hand end, a forward projecting arm 1928, the for 
ward end of which is connected by an upright link 1929 
with the forward end portion of the interponent arm 
1922. With this arrangement, when the bail 1926 is 
rocked in a clockwise direction, as viewed in FIG. 38, the 
rear end of the interponent arm 1922 is lowered to a posi 
tion in which it is engaged by the forward end of the link 
1913 as this link is returned forward after having been 
moved rearward by the spring 1915 when the cam roller 
1912 rides into the low portion of the cam 215. The bail 
1926 has forward projecting arms 1930 and 1931, dis 
posed one near each opposite end of the bail, and a third 
bail 1932 (FIG. 42) and a supporting pin therefor, extend 
between the rear ends of the bail arms 1930 and 1931. 
At its left end, bail 1932 includes the depending arm 1943 
(FIG. 38). A spring 1937 biases the bail 1932 counter 
clockwise, as seen in FIG. 38, and an ear on arm 1943 
abuts arm 1930 for limiting that counter-clockwise rota 
tion. Similar latch bails 1933 and 1933a, rotatably 
mounted on the same pin as bail 1932, lie below bail 
1932. Light torsion springs, not shown, bias these bails 
1933 and 1933a counter-clockwise, as seen in FIGS. 38 
and 41, and upstanding cars 1934 and 1935 at their front 
edges abut bail 1932 to limit that counter-clockwise 
rotation. 
The stem 1415 of the multiplication key 307 has, near 

the upper end of its forward edge, a forward projecting 
tooth 1936 (FIG. 41). This tooth has a transverse top 
Surface which is positioned to engage under the front 
edge of the cross-member of the bail 1933 and to lift 
this bail when the multiplication key rises after a multi 
plication operation has been completed. The lower por 
tion of the tooth 1936 is inclined up and forward so that 
this tooth can pass the rear edge of the bail 1933 when 
the multiplication key is depressed, and the bail will rock 
to bring its rear edge over the upper surface of the tooth 
when the key has been fully depressed. When the cross 
member of the bail 1933 is engaged over the tooth 1936 
on the stem 1415 of the multiplication key and this key 
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is raised at the end of the multiplication operation, the 
bail 1933 is raised and raises the rear ends of the arms 
1930 and 1931, thus rocking the bail 1926 in the clock 
wise direction, as viewed in FIG. 38. This clockwise 
rocking of the bail 1926 lowers the abutment 1923 on 
the interponent 1921 into the path of the front end of 
the link 1913 so that the CLEAR KEYBOARD key will 
be depressed by the servo operation of the cam arm 1919 
at the end of the cycle in which the multiplication opera 
tion was completed. 
An interponent 1938 is rockably mounted, intermedi 

ate its length, on a fixed pin 1939 and has a portion de 
pending from the pin 1939 and disposed forward of a 
pin 1940 on the link 1913. This interponent is urged 
by a spring 1941 in a clockwise direction, as viewed 
in FIG. 38, and is rocked in the counter-clockwise direc 
tion by the pin 1940 when the link is moved forward. 
The interponent 1938 extends up from the pin 1939 and 
is provided at its upper end with a rearward directed 
extension carrying an abutment pin 1942. When the 
interponent is rocked clockwise, this abutment pin is 
moved forward of a forward facing abutment formation 
at the lower end of arm 1943, which extends down from 
the left-hand end of the bail 1932. During the early 
part of the last cycle of the multiplication operation, the 
link 1913 will move rearward and arm 1938 will move 
clockwise to a position clockwise of that shown in FIG. 
38. At this time the bail 1926 will be in a counter-clock 
wise position and the lower end of arm 943 will lie below 
the path of pin 1942. Near the end of the machine 
cycle, key 307 will be released by link 1653 (FIG. 55) 
and will rise until stopped by bail 1933 (FIG. 41). Bail 
1933 will be lifted and bail 1926 rotated clockwise to 
lower interponent 1923. Thereafter, just as the machine 
cycle comes to its end, link 1913 is pushed forward by 
cam 215. Interponent 1938 is driven counter-clockwise 
by pin. 1940, and because bails 1932 and 1933 have been 
raised, pin 1942 strikes the abutment at the bottom of 
arm 943 and swings bail 1932 clockwise. Bail 1932 
abuts ear 1934 on latch bail 1933 (FIG. 41), swings bail 
1933 clockwise and disengages tooth 1936 to release 
the multiplication (=) key 307. This release of key 
307 by bail 1933 occurs at the same time as roller 140 
(FIG. 3) of the main clutch control arm 150 begins to 
drop into the low of the clutch disk 137 to let bar 75 
(FIG. 4) also release key 307. As the machine con 
tinues, partly on momentum, link 1913 (FIG. 38) com 
pletes its forward movement, depresses “CLEAR KEY 
BOARD" key 308 and thereby initiates another cycle of 
machine operation. Spring 1937 will restore bail 1926 
to its normal counter-clockwise position, and if spring 
1925 doesn't lift interponent 1923 immediately, it will 
do so when link 1913 moves rearward during the 
“CLEAR KEYBOARD" cycle. Only one cycle is re 
quired for the keyboard clearing operation, so that the 
machine is left with the product in the primary register 
and the selection mechanism of the machine in the 
cleared condition. It should perhaps be mentioned that 
the raising of the multiplication key to engage the cross 
member of bail 1933 disables the repeat mechanism so 
that the selection mechanism can be cleared in the man 
ner previously described. 

(29) TOTAL AFTER MULTIPLICATION 
After the multiplication operation has been completed, 

the product may be printed by depressing the total key 
of the machine. Since, at the end of the multiplication 
operation, the primary accumulator was left in the right 
hand position to which it had been stepped during the 
multiplication operation, in order to have the product 
printed in the proper ordinal position on the printing 
tape, it is necessary to return the primary accumulator 
to the left to align the numerical orders with the position 
Selected for the printed decimal point. Accordingly, 
when the TOTAL key 318 is depressed, the machine 
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first shifts the accumulator 565 to the left to the correct 
position for printing the total. In general, one or more 
orders at the right of the accumulator will be discarded, 
as was previously described, simply because they will 
not be aligned with any sectors of the actuator. In order 
to clear these orders, the printing of the total is followed 
automatically by a shift of the accumulator to its extreme 
left position and another total operation with printing 
suppressed. When the SUB TOTAL key 315 is de 
pressed, the machine similarly shifts to correct alignment 
for printing, prints a subtotal, shifts to the extreme left 
and goes through another subtotal operation without 
printing. 
Whenever the TOTAL key 318 or the SUB TOTAL 

key 315 is depressed, this establishes an operating cycle 
of the machine, as described above in connection with 
FIGS. 29 and 31, and, as has been described, depression 
of either of these keys rocks the bail 827 in a counter 
clockwise direction, as viewed in FGS. 4, 29 and 31, 
or in a clockwise direction as viewed in FIG. 43, about 
the bail supporting shaft 55. 
When either the TOTAL or SUB TOTAL key 318 

and 35, respectively, is depressed, it is latched down 
in depressed condition by a keeper 1615, engaging a for 
ward projecting tongue 109 on the total key stem 915, 
or a forward projecting tongue i818 on the subtotal key 
stem 815. The left-hand end of the bail 827 has a 
rearward extending arm 1945 (FIG. 43), provided at 
its rear end with a terminal notch receiving a pin 1946 
projecting laterally from the rear end of a bail arm 1947. 
The arm 1947 is one arm of a bail 1948 rockably 
mounted on the shaft 1408 and having a second arm 
1949 extending rearward from the shaft 1408. Depend 
ing from bail 1948 is an ear 1948a to the rear of an 
ear 1944 depending from bail 1777. As was described 
in connection with the initiation of the operation of 
automatic multiplication, bail 1777 (FIG. 48) is con 
nected by link 782 to bail 1762. With this arrange 
ment, when the TOTAL or SUB TOTAL key is depressed 
(FIG. 43) bail 1948 is rocked counter-clockwise, and 
ear 1948a pushes against ear 1944 to swing bail 1777 
counter-clockwise and bail 1762 (FIG. 48) clockwise. 
This action lifts roller 1770 to set interponent lever 1768 
so that, as in multiplication, printing will be suppressed 
after the first machine cycle. , 

Referring again to FIG. 43, the rear end of the bail 
arm 1949 has a pin-and-slot connection with the forward 
end of an arm 1950 of a two-armed angular lever 1951 
rockably mounted at the juncture of its two arms on 
the shaft 831 (see also FIG. 18). With this arrange 
ment and as viewed in FIG. 43, when the TOTAL or 
SUB TOTAL key is depressed, the bail 827 is rocked 
in the clockwise direction (FIG. 43), the bail 1948 is 
rocked in the counter-clockwise direction and the lever 
E951 is rocked in a clockwise direction. 
The lever 1951 has a second arm 1952 upward and 

rearward inclined from the shaft 835 and is provided at 
its upper end with a U-shaped formation 1961 providing 
a downward opening hook 1953 below and somewhat to 
the rear of the upper end of the lever arm 1952. The 
bail 266 is rockably mounted on the bail shaft 265 and 
has an arm 1954 extending forward from the shaft 265 
and then down (see also FIG. 68). This arm carries, at 
its lower end, a laterally projecting pin 1955 which is 
engaged by the hook 1953 to rock the bail 266 in the 
counter-clockwise direction, as viewed in FIG. 43, when 
the lever 1951 is rocked in the clockwise direction, as 
described above. The bail 266 has a second arm 1956 
extending rearward from the shaft 265 and having, at its 
rear end, a pin-and-slot connection 1957 with a forward 
projecting arm 1958 of the three-armed lever 1799 (see 
also FIG. 55). The lever 1799 has an arm 1959 extend 
ing up from the shaft 1899, on which the lever is rock 
ably mounted and engageable with a fixed stop pin 1960 
to limit rocking movements of this three-armed lever in 
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the counter-clockwise direction, as viewed in FIGS. 43, 
55 and 68. The arm 1798 of the three-armed lever 799 
extends down from the shaft 1880 and carries, at its lower 
end, the pin 1454 which shifts the left shift clutch 1447 
(FIGS. 58 and 60). Thus, when the lever 1951 (FIG. 
43) is rocked by depression of the TOTAL key or the 
SUBTOTAL KEY, the shift mechanism for the primary 
carriage is placed in left shift condition. The right shift 
condition established with the depression of the multipli 
cation key will have been discontinued at the beginning 
of the clear cycle previously described. However, the 
link 1796 (FIGS. 55 and 91) is connected to the arm 
1798 of the lever 1799. When the lever 1799 is rocked 
(clockwise in FIGS. 43 and 55) to engage the left shift 
mechanism, the link 1796 is pulled rearward to pull arm 
1461 and pin 1460 rearward to disengage the right shift 
mechanism (FIG. 58) and hold the right shift mechanism 
disengaged as long as the machine is conditioned for a 
left shift operation. A link 1989 (FIGS. 43 and 18) is 
disposed beside the lever arm 1952 and is rockably 
mounted, at its lower end, on a pin 1982. This pin is 
carried at the forward end of a forward projecting arm 
1983 of a bail 1984 (FIG. 43) rockably mounted on the 
shaft 275, and having a second arm 1985 extending down 
from shaft 275 for a purpose to be later described. The 
link 1989 is provided near its upper end with a longitudi 
nal slot receiving a pin 1990 projecting laterally from the 
upper end portion of the lever arm 1952. The link 1989 
is normally held in a raised position, as shown in FIG. 
43. When lever arm 1952 is swung clockwise in response 
to depression of the TOTAL or SUBTOTAL key, an abut 
ment i995 at the upper end of link 1989 engages a pin 
1962 and pushes it forward. Pin 1962 is carried at the 
lower end of an arm 1963 (FIGS. 44 and 92) which 
Swings on pin 1875. Pin 1962 carries an arm 1964 
(FIG. 44) having at its rear end a hook 1966 engaging 
the pin 1884 on the lever 1878, which, through shaft 265 
and arm 264, controls the shift clutch (FIGS. 55 and 3). 
When pin 1962 (FIG. 43) is pushed forward by abutment 
1995, it acts through arm 964 (FIG. 44) to rock lever 
1878 (counter-clockwise in that figure) to engage the 
shift clutch. This action, through the interlock 275,281, 
etc. (FIG. 3), prevents the main clutch from engaging. 
Consequently the initial response to the depression of the 
TOTAL or SUBTOTAL key is the left shift of the pri 
mary accumulator 505. 
A bail 1967 (FIG. 44) is rockably mounted on the pin 

1875 and positioned above this pin. This bail has a 
forward projecting arm 1968, carrying at its forward end 
a laterally projecting pin 1969 which rides on the upper 
edge of a forward extending tail portion 1970 of the link 
1964. When the bail 1967 is rocked in a clockwise direc 
tion, as viewed in FIG. 44, the link 1964 is rocked clock 
wise to disengage the hook 1966 from the pin 1884, thus 
freeing the left shift mechanism. The bail 1727, pre 
viously described in connection with the decimal point 
mechanism of FIGS. 61 and 63, and rockably mounted on 
the shaft 1286 has, at its left-hand end, the downward 
extending leg 1728 carrying at its lower end a downward 
projecting pin 1972 disposed adjacent the rear edge of 
the cross-member of the bail 1967. At its right-hand 
end, the bail 1727 has the downward extending leg 1729 
(also FIG. 61) carrying, at its lower end, a rearward pro 
jecting pin 1974. The cam detent bracket 1975 is 
mounted on the upper forward corner of the left-hand end 
plate 1472 of the multiplier storage unit 510 (FIG. 20). 
This bracket 1975 carries a double detent including two 
elements 1976 and 1977 (FIGS. 46 and 61) disposed in 
side-by-side relationship and provided with downward pro 
jecting pointed ends. The element 1976 is fixed, but the 
element 1977 is rockably mounted and resiliently held in 
operative position by a compression spring 1973. 
The arrangement is such that the element 977 will 

slip over the pin 1974 without depressing it when the 
primary accumulator carriage is moving from right to 
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left (FIG. 46), but will operatively engage this pin when 
the carriage is moving from left to right. The fixed ele 
ment 1976 will operatively engage the pin 1974 in either 
direction of movement of the carriage. The purpose of 
the two detents is to stop the carriage at the proper 
ordinal position regardless of the direction of movement 
of the carriage. 
When the primary accumulator 505 has been shifted to 

the left to the position in which the detent 1976 (FIG. 
46) is brought against the pin 1974 (FIGS. 61 and 44), 
the bail 727 is rocked in the counter-clockwise direction, 
as viewed in FIG. 44. As was previously described in 
connection with the decimal point mechanism of FIGS. 7 
and 61, the position of bail 1727 at the end of a multipli 
cation operation depends on the setting of lever 1680 
and the operation of lever 1736 in response to the entry 
of digits after the decimal point. As soon as the pin 
i974 is moved under the detent 1976 and the bail 1727 
is rocked, the pin 1972 (FIG. 44) is moved forward, 
rocking the bail 1967 in the clockwise direction, as viewed 
in FIG. 44, and moving the lever 1964 to release the pin 
i884 and discontinue the left shift operation of the ma 
chine by disengaging the shift clutch (FiG. 45). When 
the shift clutch is disengaged, the main clutch will be en 
gaged and the machine will now print a total or subtotal, 
the product of the multiplication which has been entered 
into the primary accumulator. The function of hook 
369 is to engage pin 1884, swing lever 1878 (counter 
clockwise in FIGS. 43 and 44) for compressing shift 
clutch link 263, disengage pin 1884, and let hook 1966 re 
engage pin 1884. When the main shaft 35 and cam 217 
are in the full-cycle position, hook 3092 is farther for 
Ward than the most forward position of the hook portion 
of lever 1966. 
When lever 1951 is being rocked (clockwise in FIG. 43) 

by the depression of the TOTAL or SUBTOTAL key, pin 
1996 permits hook 360 to rise, but because cam 217 is 
in full-cycle position, the hook merely abuts the lower 
side of pin 1884, which is being drawn forward by hook 
E966 for rotating lever 1878 (counter-clockwise in FIGS. 
43 and 44). This action, incidentally, also lowers pin 
1882 against abutment face 3008 to limit the rise of hook 
3081. Later, during the shift operation, hook 1966 is 
rocked by the motion of bail 1727 (FIG. 44) for releasing 
pin 1884 and thereby terminating the shift operation. 
Then the main clutch engages for performing the total or 
Subtotal-taking cycle. Early in the cycle, cam 27 moves 
hook 300 rearward, and hook portion 3002 rises be 
hind pin 1884. Just before the end of the cycle, arm 
1885 Swings forward so that hook 3001 moves forward 
and rocks lever 1878 counter-clockwise for again com 
pressing shift-clutch link 263. As hook 3001 completes 
this forward motion, pin 1882 moves down against an 
abutment face 3098 to push hook 3001 down for disen 
gaging pin 1884, and hook 1966 drops behind that pin 
1834. 

During the latter part of this total (or subtotal cycle) 
stud 177A (F.G. 48) has engaged interponent lever 1768 
for rocking the print blocking lever 1338 clockwise, where 
it is held in print-blocking position by latch 1772. 
At the end of the total (or subtotal) cycle, the resilience 

of strut 263 (FiGS. 45 and 3) engages the shift clutch for 
resuming the shift of the accumulator 565 to the left under 
control of hook i966. During the first shift cycle of this 
resumed shift operation, the resiliently supported element 
1977 (FIG. 46) will slip over pin 1974 without rocking 
bai 727. 
As the accumulator 505 is shifted into its leftmost posi 

tion, a bracket 3367 (FIG. 61) abuts pin 2289 and moves 
it toward the left. Collar 2288 rocks lever 2286, and 
since latch 2294 is engaged, also rocks lever 2281. This 
action lifts pin 2282 from teeth 1731 and permits spring 
1757 to return bail 1727 to its leftmost, or home, position. 
A ramp 1028 on the lower front portion of the accumu 

lator carriage 505 (FIGS. 22 and 65) engages a pin 2257 
































