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12 Claims. ({1 235——60.31)

This invention relates to caloulating machines and the
like and has particular reference to accumulators of the
crawl carry type wherein each denominational order
includes a register gear which is driven through a differ-
ential mechanism jointly by a digitizing gear located in
the same dencminational order and by the register gear
in the next lower order.

Such accumulators in themselves are relatively simple
and reliable because of the direct geared relation between
the various denominationally arranged register gears.
However, heretofore totaling and subtotaling of crawl
type accumulators have presented problems.
arisen because the register gear in each order receives a
fractional entry of one tenth the movement (in decimal
accumulators) of the mext lower order register gear, so
that it is possible for a register gear to register, say, 9.99.
Now, in totaling and subtotaling, the gears are driven in
a subftractive direction until zero stop shoulders on or
associated with the register gears engage total stops.
Thus, in the case of the register gear which registers 9.99,
it would have to be retracted beyond 9 increments in order
to effect a proper total. However, since at the registra-
tion of 9.99, the associated zero stop would be practically
at 0, the total stop weould, under normal circumstances,
block retraction of such register gear and an erroneous
total or subtotal would result,

Heretofore, the above problem has generally been over-
come by returning the various register gears or wheels
to zero in sequence, starting with the register gear in the
lowermost order. 'However, such procedure takes an
appreciable period of time and requires considerable
additional control mechanism.

It therefore becomes a principal object of the present
invention to overcome the above noted problems.

Another object is to provide a relatively simple and re-
liable device for obtaining a total or subtotal from a crawl
type accumulator.

Another object is to provide a crawl type accumulator
in which a totaling or subtotaling operation can be ac-
complished in the same length of time as an entry opera-
tion takes.

Another object is to provide a crawl type accumulator #

and controls which are economical to manufacture and
assemble.

Another object is to provide a crawl type accumulator
and controls in which the majority of parts may be
molded of plastic or other material.

The manner in which the above and other objects are
accomplished will be readily understood on reference to
the foliowing specification when read in conjuncticn
with the accompanying drawings, wherein:

FIG. 1 is a plan view of an adding machine embodying
a preferred form of the present invention.

FIG. 2 is a longitudinal sectional view of the machine
and is taken substantially along the line 2—2 of FIG. 1.

FIG. 3 is a sectional plan view illustrating part of the
pin carriage and is taken along the line 3—3 of FIG. 2.

FIG. 4 is a sectional plan view taken substantially along
the line 4—4 of FIG. 2.

FIG. 5 is a sectional view of the aligner operating
mechanism.

FIG. 6 is a sectional view taken along the line 6-—6 of
FIG. 4 illustrating the accumulator control cam and asso-
ciated cam follower.
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FIG. 7 is a sectional view through the accumulator
control cam taken along the line 7—7 of FIG. 4.

F1G. 8 is another sectional view through the accumu-
lator control cam and is taken along the line 8—8§ of
FIG. 4.

FIG. 9 is a sectional side view of the main sector drive
mechanism and is taken substantially along the line 9—9
of FIG. 4.

FIG. 10 is a sectional view illustrating part of the total
taking mechanism of the accumulator and is taken sub-
stantially along the line 10—1¢ of FIG. 2.

F1G. 11 is a sectional side elevation view of the link-
age for actuating the total stop sensing wedges.

FIG. 12 is a sectional plan view taken substantially
along the line 12—12 of FIG. 2 illustrating part of the
accumulator controls.

FIG. 13 is a transverse sectional view through the key-
board and is taken substantially along the line 13—13
of FIG. 2.

FIG. 14 is a plan view of the accumulator.

FIG. 15 is an enlarged exploded view illustrating the
parts comprising one denominational order of the accu-
maulator.

FIG. 16 is an enlarged sectional view through the ac-
cumulator and is taken substantially along the line 16—16
of FIG. 14.

FIG. 17 is an enlarged sectional view through the ac-
cumulator and is taken along the line 17—17 of FIG. 16.

FiG, 18 is a side view of the total stop control
mechanism.

FIG. 19 is a diagrammatic view illustrating the rela-
tionship of the accumulator parts and total stop levers
when registering an exemplary value.

FIG. 20 i3 o dingrammatic view illustrating the rela-
tionship of the total stop levers and total stop sensing
wedges upon lowering of the iatier into ccoperative rela-
tion with the levers.

FIG. 21 illustrates a timing chart of the machine.

FIG. 22 is an enlarged fragmentary view illustrating
a total stop and sensing wedge in a position sensing a
register gear located at 9.

FIG. 23 is a view similar to FIG. 22 bat illustrating a
total stop lever and sensing wedge in a position sensing
a register gear located at zero.

FIG. 24 is an enlarged fragmentary view illustrating
the relative positions of two adjacent total stop levers
when sensing respective register gears set to register the
true value 99, prior to lowering of the sensing wedges.

FIG. 25 is a view similar to FIG. 24 illustrating the
Tegister gears set to register the true value 09, prior to
lowering of the sensing wedges.

GENERAL DESIGN

Referring to the drawings, the machine is of the ten
key type wherein the digits of a value are entered
sequentially through ten amount keys 11, ranging in
value from zero to 9. Operation of the machine to per-
form entry and total or subtotal functions is controlled
by two depressible control bars 109 and 1160.

Depression of an amount key sets an appropriate stop
pin 12 (FIG. 2) in a pin carriage, generally indicated at
13, which shifts laterally of the machine into cooperative
relation with printing sectors 14. Each of the latter
carries a series of type characters 15 on its periphery,
ranging from 0 to 9, the character 0 being located at the
clockwisemost location relative to the rest of the series.

The printing sectors cooperate with a printing mecha-
nism, generally indicated at 16, to print amounts reg-
istered by the sectors 14 onto a paper strip 17. The sec-
tors also ceoperate with an accumulator, generally indi-
cated at 18, to enter amounts therein or to remove
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accumulated amounts during totaling and subtotaling

operations.

The machine is driven by an electric motor (not shown)
through a cylically operable clutch, generally indicated at
28 (FIG. 4), the clutch being effective to drive a main
shaft 21 onc complete revolution during each cycle of
operation. The shaft carries various cams, to be de-
scribed hereinafter, for driving different operating units
of the machine in proper timed relation.

Kevyboard

The amount keys 11 are mounted on key stems 23
(FIGS. 2 and 13) slideable vertically in slots provided
in upper and lower key frame plates 24 and 25, re-
spectively, the latter being suitably secured to the frame-
work of the machine. Tension springs 26, attached at
their ends to the lower frame plate 25, extend under the
key stems to normally hold the amount keys in raised
condition. Such springs extend across openings in the
plate 25 to permit depression of the keys.

Each key stem has an extension, ie., 27, which is
attached to the upper end of a respective flexible cable
28. The various cables are vertically aligned with each

other and are slideably mounted for endwise movement

in grooves 29 formed in a guideblock 3¢ attached to the
lower plate 235. The various cables terminate in an
arcuate pattern concentric of a shaft 31 which is ro-
tatably mounted in bearings formed in side frame plates
32 and 33 forming part of the machine framework (sec
also FIG. 4).

Pin Carriage

The pin carriage 13 is formed of an arcuate body 321
slideably mountad at its lower end on a stationary rod

331. The pin carriage has an extension 34 at its upper

end which is guided along a slot 35 (FIGS. 2 and 3)
formed in a channel member 36 attached adjacent its
ends to frame plates 37 and 38.

The pin carriage has a plurality of vertical columns
of stop pins 12 therein extending radially of the shaft
31 and slideable endwise in grooves formed in the car-
riage body 321. The stop pins are located in heriozntal
rows aligned with the lower ends of the flexible cables
28. Thus, upon depression of a selected amount key
11, the respective cable 28 will be moved endwise to
likewise move an aligned stop pin from its normal in-
effective position shown in FIG. 2 to a position wherein
it forms an abutment in the path of a shoulder 41 formed
on cach of the printing sectors 14. The pins 12 are
constructed to frictionally engage the sides of their re-
spective grooves and thereby remain in their endwise
adjusted positions until returned in the latter stages of
the machine cycle as an incident to return of the pin
carriage.

An additional row of escapement stop pins 48 are pro-
vided. Such pins are aligned with the various vertical
columns of pins and are likewise slideably mounted in
grooves formed in the pin carriage body 321 for end-
wise movement by a finger 43 of a bail 44 which is piv-
oted at 45 in side frame plates 46 and 47 of the key-
board. The bail 44 is pivotally connected at 48 to a
bail 50 (FIG. 13) which is fulcrummed in a slot 5%
in the frame plate 47 and underlies the extensions 27
of the various amount keys.

Spring means (not shown) urges the pin carriage to
the left in FIG. 3, whereupon one of the escapement
pins 40 abuts a shoulder 52 formed on a depending ex-
tension of the channel member 36.

Upon depression of any of the amount keys to set an
appropriate stop pin 12, the bail 5¢ is rocked downwardly
causing the finger 43 on bail 44 to depress an aligned pin
49 whereby the pin carriage may escape one column to
the left.

At the completion of a machine cycle, means (not
shown) returns the pin carriage to the right into its posi-
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tion shawn in FIG. 3 wherein the left-hand column of
pins therein is aligned with the ends of the cables 28.
During such movement, the pins move over a stationary
cam (not shown) which returns the same to their normal
ineffective positions as illustrated.

Upon depression of the amount key representing the
nines digit, only the pin 40 which ailows the pin carriage
to escape will be depressed, and the stopping of the print
sector is done by a pin 211, integrally formed on the
sector, which arrests against a rack comb 212 extending
transversely across the machine beneath the sectors 14
and suitably mounted in side frames 32 and 33.

Printing Sector Drive

The various printing sectors 14 are independently and
rotatably mounted on the shaft 31 and are yieldably
driven clockwise from their home positions illustrated in
FIG. 2 by a bail rod 54, The latter is mounted at its
opposite ends on gear sectors, one of which is shown at
55 (FIG. 9). Sector 55 meshes with a second gear sector
£6 pivoted on a shaft 114 and carrying a follower roller
58 which engages a cam groove 60 formed in a cam 61
which is suitably attached to the drive shaft 21.

The bail rod 54 extends through openings 62 in the
various printing sectors 14 and is normally engaged by
a shoulder 69 formed on a tail 64 extending integrally
with each sector.

As seen in FI1G. 21 (item 2), the bail rod 54 is rocked
clockwise from its illustrated home position during a
period extending from approximately 75° to 180° of the
cycle. During this period, it will correspondingly rotate
the sectors 14 until they strike a depressed stop pin 12
in the pin carriage during digit entry operation or until
an associated accumulator gear is returned to zero during
totaling and subtotaling operations, as will be described
later. Thereupon, detenting shoulders 69 on the tails 64
will vield, permitting the bail rod to proceed to the limit
of its excursion.

From approximately 220° to 300°, the bail rod will be
returned counterclockwise to its home position. During
this period, the frictional engagement between the bail
rod and the tails 64 will normally first drive the sectors
14 to their home positions which, in each case, is con-
trolled by a pin 213 integrally formed on the sector com-
ing to rest apgainst the sector comb 212. The stopping
of the sectors by pins 213 will allow the rod, as it con-
tinucs homeward, to slide along the tails 64, coming to
rest behind the shoulders 63 of the respective sectors.

Printer and Paper Feed

The paper strip 17 is fed from a supply roil 631, be-
ween gripping feed rollers 641 and 65 and through a
suideway 66, past a printing station located between the
printing sectors 14 and respective hammers 67. From
the printing station, the strip is passed upwardly behind
a transparent tearoff bar 167.

The hammers 67 are suitably guided in a frame 68 for
endwise movement radially of the sectors 14, toward
and away from contact with the paper strip 17. Spring
elements 78 urge the hammers downwardly but are nor-
mally restrained by a rotatable cam element 71 which
operates through a follower bail 72 pivoted at 73.

The cam 71 is suitably entrained through gearing (not
shown) with the shaft 21 and during the printing phase
(FIG. 21, item 1) which occurs at approximately 210°
in the machine cycle, the cam permits the springs 70 to
impel the hammers 67 downwardly, thus causing an im-
print of selected type characters 15 onto the strip through
a suitable printing ribbon.

The above printer and associated mechanism is dis-
closed in detail and claimed in the copending application
of H. L. Clary ct al., Scrial No. 140,336, fifed Scptember
25, 1961.
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Accumulator

In accordance with the present invention, the accumu-
lator is of the crawl carry type. Referring in particular
to FIGS. 2 and 14 through 17, the accumulator 18 com-
prises an accumulator shaft 74 guided within slots 169
formed in the beforementioned frame plates 32 and 33
for movement radially of the printing sectors 14 so as to
permit meshing and demeshing of digitizing gears 75,
forming part of the accumulator, with respective gear
tocth sections on the printing sectors 14.

Each denominational order of the accumulator com-
prises a register gear element 76 having a set of ten in-
ternal teeth 77 and an eccentric hub 78. The various
register gears are independently rotatable on the shaft 74
and are held in proper spaced relation to each other by
spring fingers 81, each formed by two spaced longitu-
dinally extending grooves 79 formed in the respective
hub 78 and each provided with a lobe 82 which rides in
a respective groove 83 formed in the shaft.

A floating gear 84 having nine teeth is rotatably
mounted on each hub 78. Gear 84 meshes with a set of
nine internal teeth formed on the associated digitizing
gear 75 and with the set of ten teeth 77 on the register
gear 76 of the next higher order. Each gear 75 is rotat-
ably mounted on an annular flange 85 formed on an ad-
jacent register gear 76 and carries a set of eighteen ex-
ternal teeth thereon adapted to mesh with the gear tooth
section of the associated printing sector 14.

It will thus be seen that each register gear 76 receives
rotation from both its associated digitizing gear 75 and
the register gear 76 in the next lower order. The rela-
tion between the gears is such that each register gear will
receive one digital increment of movement from its asso-
ciated digitizing gear upon movement of the latter one
digital increment and one-tenth of a digital increment
upon movement of the register gear in the next lower
order one digital increment so that a tens carry may be
effected simultaneously with digitation by the printing
sectors 14 in either of opposite directions, depending on
whether additive or subtractive entries are being made.

Referring to FIG. 14, it will be noted that the register
gear 761 in the lowermost or units denominational order
is prevented from rotating in either direction and for this
purpose it is provided with a pin 191 which is embraced
by a slot 192 in the frame plate 33. The slot 192 prefer-
ably extends in a directicn radially of the printing sec-
tors 14 so as to prevent rotation of the gear 76« during
meshing and demeshing of the accumulator.

Accumulator Controls

The accumulator is meshed and demeshed with the
printing sectors 14 at different times in a machine cycle as
set forth by items 6, 7 and 8 in the timing diagram 21,
depending on whether additive or subtractive entries are
being made or whether totaling or subtotaling operations
are being performed.

For this purpose, an accumulator control cam 8%
(FIGS. 4, 6, 7 and 8) is attached to the main drive shaft
21. The cam 86 is provided with three different cam-
ways 87, 88 and 89 on its periphery, the camways being
separated by broken flanges 90.

A cam follower bail 91 is mounted on stationary shaft
114 for both pivotal and longitudinal movement along
the shaft. A follower nose 93 is provided to follow a
selected camway. The bail 91 is connected through a
pin and slot connection 94 with a camming bail 95 which
is also pivoted con the shaft 114. Bail 95 is provided with
spaced arms having cam grooves 96 therein which em-

brace rollers 930 on the opposite ends of the accumulator

shaft 74. Accordingly, when the bails 91 and 95 are
rocked counterclockwise by a selected camway against
the action of a tension spring 97, they will cain the ac-
cumulator into mesh with the printing sectors.

Tt will be noted that the flanges are broken at 190 to
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permit lateral shifting of the follower bail 91 when the
machine is in full cycle position.

Means are provided to shift the follower bail 91 into
ccoperative relation with any of the camways on cam 86.
For this purpose, the bail 91 is engaged by a bifurcated
lever 99 (FIG. 12) pivoted at 180 and urged counter-
clockwise by a tensioned spring 101 tending to locate the
nose of the cam follower bail in engagement with the
camway 87 of the control cam 86. In such case, the
accumulator would be meshed with the printing sectors
14 during the return or counterclockwise rocking move-
ments thereof as occurs during additive entry operations
{see also item 8 of FIG. 21).

Now, the pin carriage carries a stud 192 (FIGS. 2 and
12) which is embraced within a slot 183 formed in a
blocking plate 104, The latter is slideably mounted for
fore and aft movement on a bottom frame plate 105 of
the machine through pin and slot connections 106. When
the pin carriage is moved into its right-hand or home
position shown in FIGS. 3 and 4, the stud 102 cams the
blocking plate 164 forwardly into its position shown in
FIG. 12, causing an ear 107 to cam against an inclined
edge 168 on the lever 99, thus moving the latter into its
neutral illustrated position wherein the cam follower bail
21 is positioned in cooperative relation with the central
camway 93. It will be noted on reference to FIGS. 6 and
21 (item 7) that the camway 88 has a high portion ex-
tending around the major part of its periphery, whereby
to maintain the accumulator in mesh with the printing
scctors during both the advance and retraction of the
latter. This occurs during subtotaling operations of the
accumulator.

Thus, when no amount has been entered into the pin
carriage, i.e., when the pin carriage is in its home position,
and the add-subtota! bar 109 (FIG. 1) is depressed to
cause engagement of the clutch 20 in a suitable manner
(not shown), a subtotal operation will ensue. However,
when an amount has been entered into the pin carriage,
i.e., when the latter is moved ocut of its home position,
the blocking plate 184 will be cammed rearwardly of its
position shown in FIG. 12, permitting the lever 99 to
rock counterclockwise, thus moving the cam follower
bail 91 into cooperative relation with the camway 87.

Minus-total bar 1169 is mounted on a stem 711 (FIG.
13) which is suitably guided for vertical movement and
has a camming edge 112 engageable with the lever 99
so that depression of the bar 1100 will cam the latter
lever clockwise beyond its positien shown in FIG. 12
whereby to position the cam follower bail 91 in coopera-
tive relation with the camway 89 of the cam 86. As
shown in FIGS. 8 and 21 (item 6) the camway 89 has a
high portion so located as to mesh the accumulator with
the printing sectors during the early portion of the cycle
or during advance of the sectors 14 so as to effect a sub-
tractive entry or totaling operation, as will be described
in detail hereinafter.

Totaling and Subtotaling Controls

In accordance with the present invention, means are
provided to effect a total or subtotal operation of the
accumulator in the same cyclic period as in digitizing
operations. For this purpose, each register gear 76 is
provided with a flange 11¢ (FIGS. 2, 15, 16, and 22 to
25) having a broken or stepped periphery. The flange
110 is divided into two diametrically opposed high levels
116H, two diametrically opposed intermediate levels
1101 and two diametrically opposed low levels 110L. A
zero stop shoulder 111 is formed between each high and
intermediate level.

As described heretofore, the accumulator is arranged
to be totaled in a subtractive direction and is returned to
zero registration during totaling operations by yieldably
driving the accumulator gears through the sectors 14 until
one or the other zero stop shoulder 111 on each register
gear is arrested by an ear 112 on an associated total stop
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lever 113, the latter levers being positioned in the paths
of the shoulders 111 during totaling and subtotaling
operations only.

The levers 113 are independently pivoted on the sta-
tionary shaft 114 and each has two upstanding tines 115
and 116 which are spaced from each other lengthwise of
the shaft 114 and also at right angles thereto. The levers
are located within a totaling stop frame 117 which is also
pivoted on the shaft 114. The latter frame has slots 118
which embrace tails 120 on the levers 113 to limit rela-
tive movement between the levers and the frame. The
levers 113 are preferably formed of a flexible plastic
material and each has a thin spring projection 121 integral
therewith and engaging the frame 117 whereby 1o yield-
ably maintain the lever in its position shown in FIG. 2
relative to the frame wherein the tail 120 engages the
forward edge of the associated slot 118,

The frame 117 (see also FIG. 18) is normally held in
a clockwise rocked position shown by a tensioned spring
122 which maintains a stud 123 on the frame in engage-
ment with a cam 124 secured to the drive shaft 21. In
such position, the levers 113 are held out of cooperative
relation with the flanges 116 as depicted in FIG. 2.

During each cycle (as indicated by item 5, FIG. 21},
the cam 124 is effective to first move the frame 117
counterclockwise a sufficient amount to permit the total
stop levers 113 (if they are otherwise permitted to do so)
to also move counterclockwise an amount sufficient to
sense any low levels 110L of register gears which might
be opposite the ears 112 of the associated levers 113.
Shortly thereafter, at 75°, the cam 124 allows spring 122
to return the frame 117 clockwise a partial amount suffi-
cient to return any levers 113 which may have previously
sensed the low levels of the respective register gear flanges
back to a position indicated in FIG. 23 where the inter-
mediate portions 1181 may pass there bencath so as to
permit the zero stop shoulders 111 to limit against the
ears 112, Later, at 210°, the cam 124 allows spring 122
to fully retract the frame 117 and all levers 113 into their
normal positions shown in FIG. 2,

Means are provided for retracting certain of the total
stop levers 113 at the start of a digitizing operation de-
pending on the conditions of the adjacent levers in the
next lower orders. For this purpose, a serics of camniing
or sensing wedges 130 (FIGS. 2, 10, and 22 to 25) are
pivotally mounted independently of each other on a rod
131 located over the times of the levers 113. As shown
in FIGS. 10 and 20, each wedge 130 extends over the time
116 of the lever 113 in one order and over the time 115
of the lever in the next lower order.

The rod 131 is guided at its opposite ends in vertically
extending slots 133 (F1G. 11) formed in the frame plates
32 and 33. The rod 131 is also embraced by slots 134
formed in the arms of a bail 135 which is pivotally sup-
ported at 136 and is connected through a link 137 to a
cam follower bail 138. The latter is fulcrumed at 148
and is urged clockwise by a tensioned spring 141 to hold
a roller 142 thereon in engagement with a cam formation
143 (FIGS. 6 and 7) formed on the cam 86.

As indicated by item 4 (FIG. 21), the cam 143 is effec-
tive to cause cam follower 138 to rock clockwise, thereby
lowering the wedges 130 during the period extending from
60° to 90° of the cycle.

It will be noted that the upper portions of the wedges
are flattened at 144 and, when the red 131 is held in its
upper position as shown in FIG. 2, such flattened por-
tions are engaged by a leaf spring 145 (FIGS. 2 and 4)
attached at 146 to the bail 135 whereby to detent the
wedges. However, upon lowering the bail 135, the spring
145 will strike the shaft 21, thereby freeing the wedges
for swinging movement.

The following is a description of the ccoperative rela-
tion between the total stop levers 113, the various register
gears 76 and the camming wedges 134 during a total or
subtotal operation. When all register gears register zeros,
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their intermediate portions 1181 will be located directly
under the teeth 112 of the levers 213, as indicated in FiG.
23. In such condition, if a total were altempted, the
accumulator would first be moved to mesh with the sec-
tors 14, Thereafter, the cam 124 would become effective
to rock the frame 117 counterclockwise allowing the total
levers 113 to sense the intermediate portions 1161 of the
associated register gears. Shortly thereafter, the cam 143
will lower the wedges 136. In doing so, the wedges will
merely cam along the left-hand surfaces 150 of the tines
116, causing the same to rock idly clockwise into the posi-
tions shown in FIG. 23. Subsequently, the printing sec-
tors will be actuated to drive the zero stop shoulders 111
against the ears 112. Since no appreciable movement of
the register gears will take place at this time, the sectors
14 will be arrested in their normal home positions wherein
1he zero printing characters 15 are presented to the print-
ing hammers.

When a register gear registers a value other than zero,
a different part of the flange 110 thereof will be presented
to its stop lever 113. For example, if the gear registers
an actual digital value between approximately 6 and 9.75,
the high level 116H will be presented as indicated in FIG.
22, whereas if the gear registers a value between approxi-
mately .25 and 6, the low level 110L will be presented
while, if the gear registers between approximately 9.75
and .23, the intermediate level 1101 will be presented.

As a further example, if two adjacent orders of the
accumulator register the value 09, the lower order register
gear 76 will be set at 9 and the higher order gear 76 will
be set at approximately 0.9 due to the transmission of
nine-tenths of the setting of the lower order gear 76.
This movement will be sufficient to move the intermediate
level 1101 of the higher order gear past the associated ear
112, Accordingly, the total stop levers will assume their
positions shown in FIG. 25 when the frame 117 is rocked
ceuniterclockwise. When the wedges 139 are lowered, the
wedge associated with these levers will cam counterclock-
wise idly along the surface 152 of the tine 115 on the
lower order stop lever and also along the rear side 151 of
the tine 116 on the higher order stop lever.

Prior to actuation of the printing sectors, the cam 124
will operate to retract the higher order stop lever to the
level of the intermediate portion 1181 of its register gear
76. Accordingly, when the sectors are actuated, the lower
order register gear will be moved counterclockwise
through nine increments until its zero stop shoulder 111
rests against its total stop lever. In doing so, the space
between the ear 112 of the next higher order stop lever
and its associated zero stop shoulder 111 will be prac-
tically closed so that the register gear in that order will
not advance appreciably.

Considering now an example where the value 99 is reg-
istered by two adjacent orders, the normal relative posi-
tions of the two register gears and their associated total
stop levers prior to lowering of the wedges 134 is depicted
in FIG. 24. Here, the lower order register gear presents
its high level 110H to its total stop lever, but the higher
order register gear which actually registers 9.9 will nor-
mally present its intermediate level 11¢1, although it may
nossibly present its high level 110H if inaccuracies are
present in the entrained gears. If the condition shown
in FIG. 24 prevails, subsequent lowering of the wedge 130
common to both stop levers will cause the same to cam
along the surface 152 of the tine 115 of the lower order

5 lever and thereby cam the higher order stop lever clock-

wise to position its ear 112 above the high level of its
respective gear flange so that both gears may be driven
subtractively through nine increments to zero. Any frac-
tional carry into a next higher order register gear will
be retracted during such operation.

In the next higher order, the total stop lever 113 will be
rzised by the action of cam 124 to an intermediate level
so as to arrest ifs respective gear at zero.

Consider now an example where the value (09990 is
registered by the accumulator and a totaling operaticn
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is to be performed. In such case, as depicted diagram-
matically in FIG. 19, the flanges 110 of the various register
gears 76 would be positioned as shown relative to their
total stop levers 113. That is, the various register gears
and their flanges 119 would actually register the under-
lined values indicated directly thereabove while the true
or nominal registration is indicated in parenthesis.

When the total stop levers 113 are allowed to sense
the flanges 116, they will assume the relative positions
(viewed in plan) shown at the iower left-hand corner of
FIG. 19 rclative to a reference line 158. That is, the
units order stop lever 113 will engage the intermediate
level of the associated flange 116. The tens order stop
lever will engage the outer level of its associated flange
11¢. In the hundreds order, the register gear and its
flange will register 9.9. Accordingly, the associated stop
will normally be blocked in its iniermediate position
shown in full lines where it will rest on the intermediate
level of the flange, or it may possibly be blocked in its
outernost position shown in dotted lines if inaccuracies
in the gear train were present, In the thousands order,
the register gear 76 and its flange 110 will stand at 9.99
or substantially 0 and therefore, its total stcp lever will
assume substantially the same position that the zero stop
fever in the units order assumes. In the ten thousands
order, although no digitation has taken place, the gear
will stand at .999 or practically 1 as the result solely of
tens carry from the three lower orders. Thus, the total
stop lever will drop to its lowermost position. The hun-
dred thousands order, registering .09, will present its inter-
mediate level (o its stop lever.

Tt will be noted at this point that the sensing wedges
13§ are unsymmetrically shaped, each having a camming
surface 171 which extends at a greater angle ¢ from a
radial line passing through its apex than the opposite
camming surface 172, This construction enables each
wedge, when cammed counterclockwise by an associated
total stop lever 113, to cam the next higher order total
stop lever a slightly greater extent to compensate for any
wear or tolerances in dimensions and yet ensure that the
flange 110 associated with such higher order stop lever
be properly positioned relative thereto.

Now, when the wedges 139 are lowered, as indicated
in the diagrammatic plan view of FIG, 20, the units
and tens order stop levers U and T, respectively, will
be uneffected. The hundreds order stop lever H will be
cammed back to iis position illustrated if it is not al-
ready held there by its respective gear flange. The thou-
sands order stop lever T will be cammed back by the
associated wedge 130 cooperating with the stop lever H.
The ten thousands order siop lever TT, which at this
time senses the lower level of its respective gear flange,
is allowed to remain in contact therewith. Obviously,
the hundred thousands lever HT will sense the inter-
mediate level of its associated flange and will not be
moved by the associated wedge.

Means are provided for reiracting the printing sectors
14 a slight amount, ie., approximately equal to one-
fourth the circular pitch of the gear teeth on the sectors,
and in a counterclockwise direction when the machine
is at rest as well as during the early phases of a cycle
and during the printing operation. Such retraction of
the sectors enables any of the lowermost stop pins 12
representing zero to be set while permitting shifting of
the pin carriage without the possibility of engagement
with the shoulders 41 of the sectors. Also, such setting
ensures that a maximum amount of tolerance in the ac-
cumulator parts may be accepted while ensuring reliable
operation thereof, particularly during totaling and sub-
totaling operations.

For this purpose, an aligner 156 (FIGS. 2 and 5) is
provided which extends along all of the printing sectors.
The aligner is pivoted at 158 on a bail 169 which is
fulecrumed on a stationary rod 161 and is normally held
in a counterclockwise rocked position relative to the bail
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160 by a tension spring 139. The bail 160 (see also
FIG. 5) is connected through a pin slot connection 162
to a cam follower 163, The latter is fulcrumed on the
shaft 114 and carries a roller 164 which is held by a
tentioned spring 165 against the periphery of an aligner
control cam 166 secured to the drive shaft 21.

When the aligner is rocked into engagement between
two adjacent teeth on the sectors 14, the bail 160 con-
tinues to rock counterclockwise slightly effecting a toggle
action which retracts the sectors slightly.

As shown at item 3 (FIG. 21), the aligner 156 is nor-
maly in engaged position and is held in position until ap-
proximately 75° in the cycle. Thus, during totaling and
subtotaling operations wherein the total stop levers 113
are caused to cooperate with the register elements 76 of
the accumulator, such clements are retracted slightly (see
FIG. 23) so as to ensure that the proper levels of the reg-
ister elements are presented to the respective stop levers
113 in spite of any inaccuracies in the accumulator parts.
Just prior to the printing operation, the aligner is again
moved into aligning position to align and advance the
sectors to a position where they are held until after the
printing operation and commencement of the sector re-
turn movement at 220°, Thus, the appropriate type char-
acters are properly aligned with each other and with the
hammers during printing.

It will be noted (FIGS. 2 and 12) that a ledge 127 on
the plate 164 normally, i.e., when the pin carriage is in
its home position, lies outside the paths of movement of
lugs 125 on the levers 113, thus permitting the same to
move into cooperative relation with the flanges 110.
However, during digit entry operations, when the pin car-
riage is moved out of its home position, the plate 124 is
moved rcarwardly, thereby positioning the ledge 227
under the hugs 125 to prevent movement of the levers 113
toward cooperative relation with the flanges 110.

Additional aligner lugs 128 extend from the levels 113
to align the digitizing gears 75 when the latter are out of
mesh with the sectors 14, as shown in FIGS. 2. How-
ever, when the accumnulator is moved upward to mesh
with the sectors, the gears 75 move out of engagement
with the aligner lugs.

Various features disclosed herein are disclosed and
claimed in the following copending applications: B. F.
Kuhne, Serial No. 140,544, filed September 25, 1961;
K. F. Oldenburg et al., Serial No. 140,547, filed Septem-
ber 25, 1961; K. F, Oldenburg, Serial No. 140,549, filed
September 25, 1961.

Although the invention has been described in detail
and certain specific terms and languages have been used,
it is to be understcod that the present disclosure is illus-
trative rather than restrictive and that changes and mod-
ifications may be made without departing from the spirit
or scope of the invention as set forth in the claims ap-
peaded hereto.

Having thus described the invention, what is desired
to be secured by United States Letters Patent is:

1. In a calculating machine, the combination with a
register having a series of denominationally arranged reg-
ister elements, digitizing gears therefor, and crawl tens
transfer mechanism entrained with said gears and said
register elements; and differential actuators for said dig-
itizing gears; of totaling means for said register compris-
ing zero stops carried by said regisier elements, total
stops, totaling control means for effecting cooperative re-
lation between said total stops and said register elements
and for causing said actuators to drive said gears whereby
to retract said register elements until said zero stops
engage said total stops, means controlled by a said total
stop upoen cooperating with a said register element which
registers more {han a predetermined amount for main-
taining the total stop associated with the next higher de-
nomination register element out of cooperative relation
with said last mentioned element only when said last men-
tioned element registers less than a predetermined
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amount, and means operablc independenily of said reg-
ister clements and after said last mentioned register ele-
ment is retractzd a predetermined amount for rendernig
said last mentioned means ineffeciive.

2. In a calculating machine, the combination with a
register having a series of denominationally arranged reg-
ister elements, digitizing gears therefor, and crawl tens
transfer mechanism entrained with said gears and said
register elements; and differential actuators for said dig-
itizing gears; of totaling means comprising zero stops car-
ried by said register clements, total stops, totaling control
means for effecting cooperative relation between said total
stops and said register elements and for causing said ac-
tuators to drive said gears whereby to reiract said register
elements until said zero stops cngage said total stops,
means controlled by each of said register elements for
normally controlling the position of its said total stop rel-
ative to its said zero stop, means conirolled by a said
total slop upon cooperating with a said register element
which registers more than a predetermined amount for
maintaining the total stop associated with the next higher
denomination register element out of cooperative relation
with said last mentioned element, said last mentioned
means being ineffective when said higher denomination
register element registers subsiantially 1 or more, and
means operable independently of said register elements
and after said last mentioned register element is retracied
a predetermined amount for rendering said last men-
tioned means ineffective.

3. In a calculating machine, the combination with a
register having a series of denominationally arranged reg-
ister elements, digitizing gears therefor, and crawl tens
transfer mechanism entrained with said gears and said
register elements; and differential actuators for said dig-
itizing gears; of totaling means comprising zero stops car-
ried by said register elements, total stops, totaling control
means for effecting cooperative relation between said
total stops and said register elements and for causing said
actuators to drive said gears whereby to retract said reg-
ister elements until said zero stops engage said total stops,
means controlled by each of said register elements for
normally controlling the pesition of its said total stop rel-
ative to its said zero stop, means conirolled by a said
totzl stop upon cooperating with a first said register ele-
ment which registers more than a predetermined amount
for maintaining the next higher denomination total stop
associated with the next higher denomination register ele-
ment out of cooperative relation with said last mentioned
element, said last mentioned mcans being ineffective when
said higher denomination regisicr element registers more
than substantially 0, and means operable independently
of said register elements and after said zero stop of said
higher denomination register element retracts past said
higher denomination tolal stop for rendering said total
stop maintaining means ineffective.

4. In a calculating machine, the combination with a
register having a series of denominationally arranged reg-
ister elements, digitizing gears therefor, and crawl tens
merchanism entrained with said gears and said register
clements; and differential acluators for said digitizi
gears; of totaling means comprising zero stops carried by
said register elemenis; total stops, totaling control means
for effecting cooperative relation between said total stops
and said register elements and for causing said actuators
to drive said gears whershy to reiract said register ele-
ments until said zero stops engage said toial stops, sensing
means controlied by a first said register element upon reg-
istering substantially 9 for rendering a second said total
stop associated with a second said register clement in the
next higher denomination ineffective if said second register
element registers subsiantially zero, said sensing means
being ineffective if said sccond register element registers
substantially 1 or more, and mecans operable independent-
ly of said register elcments and afier commencement of
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driving movement of said actuators for rendering said
sensing means ineffective.

5. In a calculating machine, the combination with a
register having a serics of denominationally arranged
register clements, digitizing gears therefor, and crawl
tcms trensfer mechanism entrained with said gears and
said register clements; and differential actuators for said
digitizing gears; of totaling means comprising zero stops
carried by said register elements, total stops, totaling con-
trol means for effocting cooperative relation between said
total stops and said register elements and for causing said
actuators to drive said gears whereby to retract said
register clements until said zero stops engage said total
stops, means including said total stops for sensing the
values registered by rospective oncs of said register ele-
ments; means controlled by a said total stop upon sensing
a % registration of ils respective register elcment for pre-
venting a second said total stop associated with a second
suid register clement in the next hizher denomination
from engaging the zero stop carried by said second regis-
or element i said second register cloment registers less
than substzntialiv 1, said last mentioned means being in-
effcetive 1f suid second register clement registers substan-
tially 1 or greater, and means operable after said first
resister element is retracted a predetermined amount for
piacing said second total stop in a path of said second
Zero slop.

6. In a calculating miachine, the combination with a
register having a ceries of denominationally arranged reg-
ister elements, digitizing gears thercfor, and crawl tens
transfer mechanism enirained with said gears and said
regitter olemenis; and differential actvators for said digit-
izing gears: of total stop, each of sald register clements
having a zoro stop shoulder, a high porticn representing
substantially 9 resistration, an intermedinte portion rep-
resenting substantially O registration and a low portion
representing substantially 1 registration; totaling control
means for moving totnl stops into cngagement with
said register elements end into the paths of said zero stop
shoulders and for causing said actustors to drive said gears;
means controlled by a said fotal stop upon engaging a said
kigh periion for preventing a second said total stop as-
sociated with a second next higher denomination register
element from ceoperating with the zero stop shoulder on
said second register element if said second total stop en-
gages a said intermediate portion of said second register
element, said last mentioned means being ineffective if
said second total stop engages a low portion of said second
register element.

7. in a calculating machine, the combination with a
register having a series of denominationally arranged ro-
tatable rtegister clements, digitizing gears therefor, and
crawl tens transfer mechanism entrained with said gears
and said register elements; and differential actuators for
said digitizing gears; of totaling means comprising zero
stop shoulders carried by said register elements, total stops,
totaling control means for moving said total stops into
engazement 'with said register clements and for causing
said actuators to drive suid register elements toward 0O
registration, 1 register elements cach having a high por-
tion concentric therewith and cocperable with a said total
stop when the associated register clement registers a pre-
determined amount and a low portion cooperable with
said totzl ctop when the cssociated register eloment reg-
isters substantiolly €, and mezans controlled by a said total
stop upon engaging the high pertion of an associated said
register element for rendering the said total stop associated
with the next hisher denominational register clement in-
cifective if said higher denominational register element
registers substantially 0, said last mentioned means being
operable after the said zero stop shoulder of said last men-
tioned register element posses the associated totol stop
for rendering said last montioned total stop effective.

8. In a calculating muachine, the combination with a
register having a series of denominationaily arranged ro-
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tatable register elements, digitizing gears thercfor, and
crawl tens transfer mechanism entrained with said gears
and said elements; and differential actuators for said
digitizing gears; of total stops, each of said register ele-
ments having a high portion concentric with said register
element and representing substantiaily 9 and a low por-
tion representing substantially 0 and a zero stop shoulder;
total control means for causing said total stops to engage
said regisier clements and for causing said actuators to
drive said register clements, sensing devices engageable
with said tolal stops, each of said sensing devices being
cffective when one of said total stops engages a said high
porticn for withdrawing the total stop associated with the
next hisher denomination register element out of en-
gagement with said last mentioned element only when
said last mentioned total stcp engages said low portion
of said next higher register element, and means for
rendering said sensing devices effective before commence-
ment of driving movement of said actuators and for dis-
abling said sensing devices after commencement of said
driving movement of said actuators.

9. In a calculating machine, the combination with a
register having a series of denominationally arranged reg-
ister elements, digitizing gears therefor, and craw! tens
transfer mechanism entrained with said gears and said
register elements; and differential actuators for said digit-
izing gears; of control discs carried by said register ele-
ments, said control discs each having a high portion rep-
resenting substantially 9, an intermediste portion repre-
senting substantially 0, a low portion representing sub-
stantially 1 and a zero stop shoulder intermediate said
high and intermediate portions; total stops engageable with
said discs, totaling control means for causing said total
stops to engage said discs and for causing said actuators to
drive said gears whereby to retract said register elements,
and sensing devices, each of said sensing devices being
controlled by a said total stop only when said last men-
tioned total stop engages a said high portion for with-
drawing the total stop associated with the next higher
denomination register element only when said last men-
tioned total stop engages a said intermediate portion.

1¢. §n a calculating machine, the combination with a
register having a series of denominationally arranged reg-
ister elements, digitizing gears therefor. and crawl tens
transfer mechanism entrained with said gears and said
register elements; and differential actuators for said digit-
izing gears; of discs operatively associated with said reg-
ister elements, said discs each having a high portion rep-
resenting substantially 9, an intermediate portion repre-
senting substantially ¢, a low portion representing sub-
stantially 1 and a zero step shoulder intermediate said
high and intermediate portions; total stops engageable
with said discs, totaling control means for causing said
total stops to engage said discs and for causing said actu-
ators to drive said gears whereby to retract said register
elements, sensing devices, each of said sensing devices be-
ing controlled bty a said total stop enly when said last
mentioned total stop engages a high portion for withdraw-
ing the total stop associated with the next higher denomina-
tion register element only when said last mentioned total
stop engages a said intermediate portion, and means for
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rendering said sensing devices ineffective after a predcter-
mined retraction of seid register elements,

11. In a calculating machine, the combination with a
register having a series of denominationally arranged reg-
istor clements, digitizing gears therefor, and crawl! tens
transfer mechanism entrained with said gears and said
register elements; and differential actuators for said digit-
izing gears; of control discs carried by said register ele-
meuts, said control discs each having a high portion rep-
resenting substantially 9, an intermediate portion repre-
senting substantially 0, a low portion representing sub-
stantially 1 and a zero stop shoulder intermediate said
high and intermediate porticn; total stops engageable with
said discs, totaling conirol means for causing said total
stops to engage said discs and for causing said actuators
to drive said gears whereby to retract said register ele-
ments, sensing devices, means operable prior to retrac-
tion of said register elements for effecting cooperative
relation between said sensing devices and said total stops,
said sensing devices being controlled by a said total stop
only when said last mentioned stop engages a said high
portion for withdrawing the total stop associated with the
rext higher denomination register element only when said
last mentioned total stop engages a said intermediate por-
tion, and said last meationed means removing said sensing
devices from cooperative relation with said total stops
after a predetermined retraction of said register elements.

12. In 4 calculating mrachine, the combination with a
register having a series of denominationally arranged ro-
tatable register elements, digitizing gears therefor, and
crawl tens transfer mechanism entrained with said gears
and said register elements; and differential actuators for
said digitizing gears; of control discs carried by said reg-
ister elements, said control discs each having a high portion
concentric with the respective said register element and
representing eubstantially the values 6 to 9, inclusive, an
intermediate portion representing substantially 0, a low
portion concentric with said high portion and representing
approximately the values 1 to 6, inclusive, and a zero stop
shoulder intermediate said bigh and intermediate por-
tions; total stops engageable with said discs, totaling con-
trol means for causing said total stops to engage said discs
and for causing said actuators to drive said gears whercby
to retract said register elements, sensing devices, means
operable prior to retraction of said register elements for
effecting cocperative relation between said censing devices
and said total steps, each of said sensing devices being
conirolled by a respective said total stop only when said
last mentioned stop engages a said high portion for with-
drawing the total stop associated with the next higher
denomination register element only when said last men-
tioned total stop engages a said intermediate portion, and
said last mentioned means removing said sensing devices
from cooperative relation with said total stops after a pre-
determined driving movement of said actuators.
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