2,988,272

J. STEPHEN
CALCULATING MACHINE DRIVE APPARATUS

June 13, 1961

Filed Qct. 25, 1956

6 Sheets-Sheet 1

QM. hM

901 55 59 4 ee/ 801 %ol 65 9z 62—

A o AN X % L nw TSy N < N

>

INVENTOR,

[ { [ ] R —

R, S - J

AAAL AN »ﬂ‘)\\l/ 1t
IRy —<-<—<.<-<s‘<.>«\>«.,<\wuuv‘muhmmﬁg W

5%.4&/%/
ATTORNEYS

JAMES STEPHEN

27 o’

=7

[}

1

o BB i
B2 N __

1- et /\\ \
H \QMQ\\\H\llr ‘0, I
s X




2,988,272

J. STEPHEN
CALCULATING MACHINE DRIVE APPARATUS

June 13, 1961

6 Sheets-Sheet 2

Filed Oct. 25, 1956

£6_ 96

L)
1§ 06 5 S$9 A/

EL_ €81 SL 24

/

INVENTOR.
TEPHEN

JAMES S

BY5;%4¢225

Crotand

ﬁﬂa«&@

ATTORNEYS



June 13, 1961 J. STEPHEN 2,988,272
CALCULATING MACHINE DRIVE APPARATUS

Filed Oct. 25, 1956 6 Sheets—Sheet 3

b
RE W\

¥ &
‘\\\\\\‘ \\\ - —— € - Y
% 7\
%S )

N/ N\

<
O
&

R

\\\ /43& ‘\\‘\‘"'\ ‘@\\

o
R

) . ///‘ Y "\ NS
Y . \ \\S‘ \\\\\T/ ] \/—\
\ \g \ ) o & :'
\ \ \ %‘\\ \\\ 3 \ \\ N ¥ /2 : \
\_\.\ 3'\
\\ \ \\\“\\\\“T EN © °F 8

Yo \ ﬂ
W AN

\\\-“;\ 'u’/‘""llo\\\\\\ A\

\‘ 'I/,"“ \

A\ /’ ’ :‘"

INVENTOR.
UAMES STEPHEN

BY M &4«4@6’4‘/
6«24/\.4%47,

ATTORNEYS



June 13, 1961

Filed Oct. 25, 1956

J. STEPHEN
CALCULATING MACHINE DRIVE APPARATUS

2,988,272

6 Sheets—Sheet 4

20°L -
ANGULAR 7/\"" “~aA
8 MOVEMENT ‘T
ol / /
70° / / 8 \\
&L / // \
50" . \ \
] ", \
4 o, \
30"+ / / \ ¢
204 / \
ol / \
O 1/ /TivE (reNTHOF Seconp\
o I R
I I
/32\ 131
== '.-
Fig. 4. =
- 52
10/ Sl =siz
7 _H
/33
H
l 23
i
! 730
|_——90 ! 65
s/ 3r
91
88 54
o2 9¢
o]
27

Fig. 7.
\
\
AN
s 7
4’
40
INVENTOR.
JAMES STEPHEN
BY %/c%/, &v% o
ﬁw&@/
ATTORNEYS



June 13, 1961 J. STEPHEN 2,988,272
CALCULATING MACHINE DRIVE APPARATUS
Filed Oct. 25, 1956 6 Sheets-Sheet 5

g Q)

INVENTOR,
JAMES STEPHEN

BY;”M(%? Crvecrton?

ATTORNEYS



June 13, 1961 J. STEPHEN 2,988,272
CALCULATING MACHINE DRIVE APPARATUS
Filed Oct. 25, 1956

6 Sheets~-Sheet 6

INVENTOR.
JAMES STEPHEN



United States Patent Of

2,988,272
Patented June 13, 1961

C€E

1

2,988,272
CALCULATING MACHINE DRIVE APPARATUS
James Stephen, Bearsden, Scotland, assignor to Bur-
roughs Corporation, Detroit, Mich., a corporation of
Michigan
Filed Oct. 25, 1956, Ser. No. 618,277
2 Claims. (Cl 235—62)

This invention relates to improved drive means for a
motor driven calculating machine and it is an object of the
invention to provide improved apparatus of that character,;

In motor driven calculating machines of various types
there are a number of operating parts or load devices
which must be driven by the motor. These load devices
operate in a prescribed sequence and therefore impose
their loads on the drive means at different times in the
operating cycle of the machine, with the result that the
instantaneous net load on the motor tends to vary through-
out that cycle. Generally the drive means includes a
single, main drive shaft, or other moving part, which
drives all or substantially all of the load devices, and
spring means, commonly called a base spring or base
springs, are conventionally employed to bias this main
drive shaft in ome direction. The base spring is suffi-
ciently strong that it is capable of applying the required
driving force during one portion of the operating cycle,
sometimes referred to as the return stroke, The use of
a base spring for supplying the required power for the
return stroke of the operating cycle is desirable since
the base spring exerts a limited, resilient force which can-
not harm the machine. Accordingly, the motor is called
upon to operate the various load devices only during a
first portion, or forward stroke, of the operating cycle,
during which time it must also energize the base spring.

In the case of a motor operated calculating machine,
this conventional arrangement has 2 distinct disadvantage
in that during the forward stroke the motor carries a
double load, since it drives the various load devices and
at the same time energizes the base spring. During the
return stroke the base spring provides the required power
with the result that the motor idles through this return
stroke. A motor is therefore required which has twice
the power which would be required to drive the load de-
vices alone through their forward and return strokes.

According to the present invention, load distributing
means are operatively connected to the drive means to
distribute the combined load of the various load devices
and the base spring over the forward and return strokes
of the machine. Furthermore, the load distributing means
are so constructed that a force or torque applied to the
drive means thereby during the forward stroke may nearly
complement the combined load, including the various
load devices and the base spring, such that a relatively
small and relatively steady load is carried by the motor
throughout substantially the entire operating cycle, in-
cluding the forward and return strokes thereof.

An important feature of the invention is that a single
load distributing means is operatively connected to the
drive means and 15 so constructed as substantially to com-
plement the combined net load imposed by the plurality
of load devices and the return spring.  Furthermore,. the
single load distributing means may produce not only an
averaging of the load as between forward and return
strokes, but also substantially throughout both the for-
ward stroke and the return stroke,

Accordingly, it is another object of the invention to
provide improved load. distributing means associated with
the drive means of a motor operated calculating machine,
which means distribute the load on the motor between the
forward stroke and the return stroke of the machine cycle.

It is another object of the invention to provide im-
proved load distributing means associated with the drive
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means of a motor operated calculating machine which
distribute the load on the motor substantially evenly
throughout nearly the entire operating cycle of the ma-
chine, including both the forward and return strokes.

It is another object of the invention to provide improved
apparatus of the character described above which is effi-
cient, reliable and economical to produce.

This invention, together with further objects and ad-
vantages thereof, will best be understood by reference to
the following description taken in connection with the
accompanying drawings, and its scope will be pointed out
in the appended claims.

In the drawings, in which like parts are -designated by
like reference numerals:

FIG. 1 is a side elevational view of a calculating ma-
chine illustrating one embodiment of the invention, with
the side plate removed;

FIG. 2 is a partial side elevational view similar to FIG,
1 but with certain operating parts removed;

FIG. 3 is an exploded perspective view of a portion of
the apparatus seen in FIGS. 1 and 2;

FIG. 4 is a bottom view of the rear or left-hand portion
of the apparatus shown in FIG. 1;

FIG. 5 is a partial elevational view of certain control
apparatis incorporated in the machine of FIG. 1 and
viewed from the opposite side;

FIG. 6 is an enlarged view of a portion of the control
apparatus of FIG. 5, shown in a different operating posi-
tion;

FIG. 7 is a chart illustrating the speed of operation of
a.machine constructed in accordance with the present in-
vention for both single stroke operation and repeat op-
eration, as compared to a similar machine lacking the
features disclosed and claimed herein;

FIG. 8 is an enlarged view of a portion of the linkage
which connects the main drive shaft to the drive motor
and to the return springs;

FIG. 9 is an enlarged view of the main drive clutch
and a portion of the clutch control mechanism;

FIG. 10 is an enlarged view of another portion of the
clutch control mechanism; and

FIG. 11 is an enlarged view of a portion of the motor
control apparatus.

In the drawings some portions of a calculating ma-
chine proper are illustrated, but these are not shown in
detail or described herein. Only the drive apparatus
and the controls associated therewith, including the load
distributing means, are shown and described in detail.
It is to be understood that apparatus having the features
incorporated in the illustrated embodiment of the inven-
tion may be applied to various forms of calculating ma-
chines. One particular form of calculating machine to
which drive means constructed in accordance with the
Dresent invention may be readily applied is that shown in
Patent No. 1,853,050, issued April 12, 1932, to Allen A.
Horton, and assigned to the same assignee as the present
application.

As will readily be understood by those skilled in the
art, the various operating parts of a calculating machine
constitute a plurality of individual load devices operable
at different times during the operating cycle of the ma-
chine. Typical of these are the various elements of a
differential mechanism, printing mechanism, ribbon mech-
anism, line-spacing mechanism, totalizers and totalizer-
engaging mechanisms, and the transfer mechanisms.
These various operating parts are listed merely as typical
of certain types of calculating machines,

In a calculating machine of the type shown in Patent
No. 1,853,050 referred to above, these various load de-
vices are operated through a main operating member such
as a drive shaft; this drive shaft being driven through a
forward stroke by the motor (or a crank in a manually
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operated machine) and through a return stroke by a suit-
able base spring or springs which act on the main drive
shaft and are energized by the motor during the forward
stroke. Such base springs are designated by the reference
numeral 96 in Patent No. 1,853,050 and by the reference
numeral 26 in the present application. Some operating
parts are operated by the main drive member in its motor
driven forward stroke and later restored by individual
springs, whereas other operating parts are merely released
by the drive member, during its forward stroke, for
operation by individual spring means which are again re-
tensioned as those operating parts are returned to their
normal positions by the main drive member as the latter
is moved through its return stroke by the base springs.
All the operating parts ultimately receive their driving
force from the motor since the motor encrgizes the base
springs during the forward stroke. Accordingly, the en-
ergy required to operate such a machine is supplied by the
motor through the main drive shaft during the forward
stroke, the base springs and some of the load devices
being driven by the motor during the forward stroke, and
other load devices being driven only by the motor-ener-
gized base springs during the return stroke.

Reference is made herein to a forward and return
stroke and it is to be understood that such nomenclature
is to be interpreted broadly, the forward stroke being
that portion of the operating cycle in which the drive
means actuate some or all of the various load devices
and energize the base springs, and the return stroke being
that portion of the operating cycle of the machine during
which the base springs drive the load devices, regardless
of which stroke may occur first in the operating cycle.

When a motor drive is applied to such a calculating
machine it will be apparent that the motor is, in effect,
serving double duty during the forward stroke, since the
full load for the entire machine cycle is imposed on the
motor. during the forward stroke. The motor then idles
during the return stroke. It will be apparent that in this
case a motor must be provided which has twice the maxi-
mum torque and power as that which would be required
if the load were distributed over the forward and return
strokes.

Purthermore the load distribution during the forward
stroke is irregular since the various load devices are
caused to operate during different portions of the for-
ward stroke. Apparatus constructed in accordance with
the present invention may mnot only provide for the dis-
tribution of the combined net load over the forward and
return strokes, but may, furthermore, distribute the load
substantially evenly over substantially the entire forward
and return strokes of the machine.. Accordingly, while
the invention is particularly applicable to a calculating
machine of the type having a motor driven forward stroke
and a spring driven return stroke, it may also be applied
to advantage in any calculating machine in which the
various load devices and -any base springs or return
springs impose on the motor a combined load which varies
substantially during an operating cycle of the machine.

Drive apparatus

. The basic drive system illustrated in the drawings in-
cludes a main drive shaft 21 which is driven through suit-
able drive means by a motor generally designated 22.
The motor causes rotation of the shaft 21 through an
angle of approximately 90 degrees, and permits the return
of that shaft to its original position under the influence
of the base springs 20. The motor 22 is preferably ad-
justably positioned in order that a belt 23, through which
it drives the machine, may be brought to the proper ten-
sion. For this purpose, end plates 24 of the motor are
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be caused to pivot in a direction to loosen or tighten the
belt 23.

The motor 22 drives the belt 23 through a pulley 30
and the belt in turn drives a larger pulley 31. As seen
best in the exploded view of FIG. 3, the pulley 31 is se-
cured to a rotatable shaft 32. Also secured to the shaft
32 are a pinion 33 and a governor 34'. This governor
serves merely to control the speed of the motor 22 and
hence of the shaft 32, and since it may be purchased on
the open market and does not of itself constitute a feature
of the present invention it is not described in detail herein.

The pinion 33 drives a gear 34 which is freely rotatable
on a shaft 35, and secured to the gear 34 is another pinion
36. This latter pinion meshes with another gear 37
which is freely rotatable on a shaft 38, and secured to the
gear 37 is a pinion 39 which constitutes a clutch member.
1t will now be seen that whenever the motor 22 is operat-
ing, all of the drive mechanism from the motor to the
pinion or clutch member 39 is continuously driven at a
constant speed. Those portions of the main drive mecha-
nism subsequently to be described operate only when the
clutch member 39 is engaged with its cooperating clutch
member.

The shaft 38 upon which the gear 37 and the clutch
member 39 freely rotate is, itself, rotatable, and has fixed
thereto a plate 40 which pivotally supports 2 clutch mem-
ber 41 through a pin 40a. The clutch member 41 carries
a single tooth 42 which may enter between two adjacent
teeth of the pinion or clutch member 39 such that the two
clutch members are engaged and the clutch member 41
may be driven by the clutch member 39. A spring 43
may be seen connected at one end to the plate 40 through
a pin 44 and at its other end to the clutch member 41
through a pin 45, the spring 43 urging the clutch mem-
ber 41 into engagement with the clutch member 39. It
will now be understood that when the spring 43 is thus
permitted to bring the two clutch members into driving
engagement, the cluich member 41 drives the plate 49
and hence causes rotation of the shaft 38. Means for
effecting engagement and disengagement of the clutch
members 39 and 41 are described below.

The main drive apparatus also includes a cam 51 se-
cured to-the right-hand end of the shaft 38 as viewed in
FIG. 3. This cam cooperates with a cam follower 52
which is rotatably supported on an arm 53 which is in
turn pivotally mounted at its upper end on the above-
mentioned shaft 35.

At the lower end of the arm 53, a link 54 is pivotally
secured thereto through a suitable pin 54’. As best seen
in FIGS. 1 and 8, the link 54 is pivotally connected to an
arm 55 through a pin 56, the arm 55 being freely ro-
tatable on the shaft 21. A second arm 57 is secured to
the arm 55 and is preferably integral therewith, the two
arms being spun on an intermediate hub freely pivotable
on shaft 21. The arm 57 may be seen in FIG. 1 to en-
gage a hook member 58 which is pivotally mounted
through a pin 59 on a disklike member 60 (F1G. 2)
which is commonly referred to as a full stroke sector.
This-full stroke sector is secured to the shaft 21 and to
the spring 20 which rotates the sector 60 counterclock-
wise during the return stroke of the machine. The hook
member 58 is biased in a clockwise direction by 2 spring
61 wheréby it is normally arranged in driving connection
with the arm 57.

It will now be seen that as the link 54 moves rearward-
1y, or to the left in FIGS. 1-and 2, it causes the arm 55
and hence the arm 57 to rotate in a clockwise direction
about the shaft 21. The arm 57 being in engagement
with the hook 58 draws the hook, and hence the full
stroke sector 60 and the shaft 21, in a clockwise direc-
tion.. The return spring 29 is stretched during this por-
tion of the machine cycle. When the link 54 returns to
the ‘right in FIG. 1 it drives the arms 55-and 57 in a

counterclockwise direction and: back to their original-
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positions, whereas the hook 58, the full stroke sector 60,
and the shaft 21 may lag behind and complete their
return strokes along with the various load devices within
the calculating machine, all of these being under the
influence of return springs 20, and, conventionally, a
dashpot for limiting the speed of the return movement.
The calculating machine may also include apparatus for
disengaging the hook 38 from the arm 57 during the for-
ward stroke to prevent operation of the calculating ma-
chine when it is improperly conditioned for operation as
disclosed in the Horton Patent No. 1,853,050, Since this
does not of itself constitute a feature of the present in-
vention it is not illustrated or described in detail herein.
For the purpose of disclosing the present invention, it is
believed to be sufficient to point out that a hook 62 may
be pivoted in a clockwise direction to lie in the path of
a shoulder on the hook 58. When a forward stroke is
initiated, the hook 58 may be engaged by the hook 62
and be caused to pivot in a counterclockwise direction
about the pin 59 such that it is disengaged from the
arm 57. Conditions under which such movement of
the hook 62 and the consequent disengagement of the
driving apparatus are desired are explained in Patent No.
1,853,050 and need not be discussed herein. As seen
best in FIG. 2, the link 54 is biased forward by a spring
65, this spring being connected at one end to the link
and at its other end to the frame of the machine. In the
event of disengagement of the hook 58 and the arm 57
by the hook 62 after initiation of an operating cycle,
the motor and the arm 57 and all of the drive means in-
termediate these parts will complete their operating cycle
and return to normal position even though the various
load devices remain stationary, all as will subsequently
become apparent.

Clutch control apparatus

Engagement or disengagement of the clutch members
39 and 41 is accomplished by apparatus best shown in
FIGS. 2 and 9. An arm 70, which is freely mounted
on a shaft 71, may be seen to lie in the path of the chutch
member 41 such that the clutch member is maintained
out of engagement with the clutch member 39. The arm
70 is preferably integral with an arm 72, the two arms
70 and 72 forming a yoke construction which is freely
pivotable on the shaft 71. The arm 70 and hence the
arm 72 are maintajned in clutch disengaging position by
a spring 73, one end of which is secured to the arm 70
and the other end of which is secured to the frame of
the machine. The arm 72 and hence the arm 70 may
be forced downwardly by a pin 74 mounted on the arm
75, this arm being secured to a rotatable shaft 76. Ro-
tation of this shaft in a counterclockwise direction as
viewed in FIG. 2 moves the arm 75 and hence the pin
74 downwardly and causes the arms 72 and 70 to pivot
in a clockwise direction whereby the arm 70 is removed
from the path of the clutch member 41. Under these
circumstances this clutch member is moved under the
influence of the previously mentioned spring 43 into en-
gagement with the clutch member 39.

The shaft 76 extends substantially across the width of
the machine and the right hand end thereof, as viewed
from the front of the machine, may be seen in FIG. S.
An arm 80 is shown secured thereto, this arm being biased
in a clockwise direction as viewed in FIG. 5 by a spring
81 and carrying a pin 82 at its free end. This pin en-
gages a shoulder at the free end of an arm 83 which is
pivotable about a shaft 84 and spring biased in a clock-
wise direction by a spring 85. When the motor bar of
the calculating machine is depressed to start operation,
it operates in any suitable manner to pivot the arm 83
in a counterclockwise direction against the action of the
spring 85. This withdraws the shoulder on the arm 83
from the path of the pin 82 on the arm 89 whereby this
latter arm and hence the shaft 76 may be rotated in a
clockwise direction by the spring 81. Referring again
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to FIG. 2, it will be seen that clockwise rotation of the
shaft 76 as viewed in FIG. 5 constitutes counterclock-
wise rotation of this shaft as viewed in FIG. 2. This
causes depression of the arm 72 by the pin 74 and release
of the clutch element 41 such that it may engage the
clutch element 39, all as described above. It has now
been shown that depression of the motor bar to start
operation of the machine causes engagement of the clutch
elements 39 and 41 whereby the motor may drive the
shaft 21. Tt is also necessary that the clutch member be
disengaged upon the completion of one cycle of opera-
tion. Control apparatus for this purpose is described
below.

It should be noticed first, by reference to FIG. 5, that
the spring 81 is capable of holding the arm 80 down
after the motor bar is released. In other words, the arm:
83 acting under the influence of the spring 85 cannot
cam the arm 80 back to the position shown in FIG. §
against the action of the spring 81 because the rear or
upper surface of the arm 83 is of such configuration that
the clockwise biasing of the arm 83 by the spring 85
produces little or no tendency toward counterclockwise
movement of the arm 80. However, if the motor bar
has been released and the arm 80 is otherwise caused
to reassume the position of FIG. 5, the arm 83 will move
in a clockwise direction such that the pin 82 on the arm
80 will again engage the shoulder of the arm 83 whereby
the arm 80 will be retained in the position of FIG, 5 until
the motor bar is again depressed,

The shaft 76 to which the arm 80 is secured also has
attached thereto an arm 99 shown best in FIGS. 2 and 10.
This arm has a cam roller 91 rotatably mounted on its
forward or right hand end as viewed in FIGS. 2 and 10
and this cam roller is acted upon fo cause clockwise
rotation of the shaft 76 as viewed in FIGS. 2 and 10
to return the arm 80 to its latched position and to permit
movement of the arm 70 upwardly into the path of the
clutch element 41. A cam element 92 is shown secured’
to the shaft 21 such that it rotates therewith. This cam
is in position to engage the cam roller 91 during the
forward stroke of the machine and to force the cam
roller 91 downwardly. During the forward stroke of
the machine the shaft 76 is therefore rotated in a clock-
wise direction as viewed in FIGS. 2 and 10 or in a counter-
clockwise direction as viewed in FIG. 5. This returns the
arm 8% to its latching position illustrated in FIG. 5
and permits the arm 7¢ to ride the cam periphery of
the clutch member 41 until it assumes jts raised posi-
tion where it lies in the path of the clutch member 41
as viewed in FIGS. 2 and 10.

To protect against the possibility that a motor bar
depression could prematurely start a forward stroke be-
fore completion of the return stroke, a pawl 93, best
shown in FIG. 10, is pivotally mounted on the cam 92
through a pin 94 and is biased in a clockwise direction
with respect thereto by a spring 95. Clockwise move-
ment of the pawl with respect to the cam 92 is limited
by its engagement with a pin 96 mounted on the cam 92.

When an operating cycle is started by operation of
the motor bar and counterclockwise rotation of the
shaft 76 as viewed in FIGS. 2 and 10, the arm 90 and
the cam roller 91 move upwardly such that the cam
roller lies high in the path of the pawl 93. Ensuing
clockwise rotation of the shaft 21 and the cam 92 causes
the pawl 93 to bear against the cam roller 91, where-
upon the pawl 93 lags behind the cam 92 against the
action of the spring 95. Toward the end of the for-
ward stroke the pawl 93 snaps to a position over the
roller 91 under the influence of the spring 95,

During the return stroke of the machine the cam 92
withdraws from the cam roller 91 but the pawl 93 re--
mains above and in contact with the cam roller and holds
it down almost to the end of the return stroke, at which
time the pin 96 forces the pawl off the cam roller. Ac-
cordingly, if the motor bar is released at any time prior
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to the last few aegrees of the return stroke of the ma-
chine, the arm 80 of FIG. 5 will latch on the arm 83,
and the arm 70 of FIG. 2 will be arranged in the path
of the clutch element 41 to cause disengagement of the
clutch elements and interruption of the drive.

If a repeat operation is desired, the motor bar is held
down throughout the first stroke. In this case the cam
roller 91 will nevertheless be forced downwardly by
the cam 92 during the latter part of the forward stroke
and will be held down by the pawl 93 during almost
the entire return stroke. During this period the arm 80
of FIG. 5 will be in its latching position, and the arm
76 of FIG. 2 will lie in the path of the clutch element
41. However, since the arm 83 of FIG. 5 is held down
by the motor bar, the arm 80 of FIG. 5 will not latch
in its raised position, and when the pawl 93 of FIG. 10
slips off the cam roller 91 near the end of the return
stroke, the arm 80 of FIG. 5 will again be drawn down
by the spring 81 and the arm 76 of FIG. 10 will be moved
downwardly out of the path of the clutch member 41.
A repeat stroke will therefore follow. Whether or not
the clutch members 39 and 41 disengage momentarily
at the end of one operating cycle and before a repeat
cycle starts depends upon the rapidity of operation of
the load devices under the influence of the base springs
20 and any dashpot which may be employed. In any
event, the repeat cycle starts immediately after the load
devices complete their operation and the pawl 93 releases
the cam roller 91.

When the arm 70 of FIG. 9 is permitted to remain
in the path of the clutch member 41 at the end of an
operating cycle, the clutch member 41 is forced to pivot
about the pin 40a in a counterclockwise direction such
that the tooth 42 thereon is withdrawn from the clutch
member 39. This disengages the clutch and interrupts
the drive means. Because of the suddenness of the
stop of the clutch member 41 there is a tendency to re-
bound, with possible reengagement of the clutch mem-
bers. In order to avoid this a pin 97 is secured to the
plate 40 as seen in FIG. 3. Arranged above the pin
97 is an arm 98 having a cam 984 which is engageable
with the pin 97. The arm 98 is pivotally mounted on
the shaft 35 and is urged in a clockwise direction by a
spring 99,

Near the end of an operating cycle the pin 97 engages
the left-hand side of the cam 98a as viewed in FIG. 3,
raises the arm 98 against the action of the spring 99,
passes under the cam, and permits the arm 98 to return
to its normal position. The pin 97 is then in the posi-
tion which it assumes at the end of an operating cycle,
this position being illustrated in FIG. 3. At this point
the arm 70 of FIG. 10 may cause disengagement of the
clutch member 41 from the clutch member 39. Re-
bounding of the clutch member 41 is prevented by en-
gagement of the pin 97 with the right-hand edge of the
cam 98a.

Motor control apparatus

- When the motor bar is depressed to initiate a cycle of

operation of the machine, it is also desirable that it cause
energization of the motor. This is accomplished
through the closing of a switch upon depression of the
motor bar and opening of the same switch at or near
the completion of the cycle of operation.

Referring particularly to FIGS. 2 and 11, when the
motor bar is depressed, the shaft 76 is caused to rotate
in a counterclockwise direction as viewed in FIG. 11
and as described above. This causes the arm 75 and
the pin 74 carried thereby to swing downwardly in FIG.
2.. The pin 74 in addition to bearing down on the arm
72 as described above, also bears down on an arm 101
which forms a yoke with another arm 102, the yoke being
freely pivotable about the shaft 71. The arm 102 has
an ear 1024 thercon which overlies one end of a bent
lever 103 which may also be seen in FIG. 1.

" 'The lever 103 is pivotally mounted through a pin 104
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on an arm 105 which pivots freely on the shaft 21. Se-
cured to or integral with the arm 105 is another arm
106 which preferably forms a yoke with the arm 105.
A spring 107 engaging the central portion of the lever
103 urges the lever to the nght in FIG, 11 whereby the
arms 105 and 106 are urged in a clockwise direction.
Clockwise movement of these arms is limited by engage-
ment of the arm 106 with the pin 56, pivotally con-
necting the link 54 and the arm 55, as previously de-
scribed. The arm 103 has an enlarged portion 103a
with a large opening through which a fixed pm 108
passes, a large washer 169 being arranged on the pin 108
and holding the enlarged portion 103a of the lever 103
loosely against a frame plate of the machine.

It will now be seen that when the arm 102 bears down
against the left end of the lever 103, the latter will be
caused to pivot about the pin 104 at its right-hand end.
This draws a shoulder 1035 downwardly out of engage-
ment with an ear 110g on a lever 110 best shown in FIGS.
2 and 11. The lever 110 is pivotally mounted at its
lower end 111 and is pivotally connected at its upper end
to an arm 112 through a pin 113. Referring again to
FIG. 1, a spring 114 is shown secured at one end to the
pin 108 and at its other end to the ear 110a on the lever
110.  Accordingly, as the arm 162 moves the lever 103
out of the path of the ear 1104, the spring 114 pivots the
lever 110 in a clockwise direction as viewed in FIG. 11
and draws the arm 112 to the right. This permits closing
of contacts in a switch 115 and causes energization of the
motor 22 through any suitable circuit.

Decnergization of the motor 22 is accomplished by the
lever 103 again bearing against the ear 1104 and moving
the lever 110 and the arm 112 to the left. This is accom-
plished by the previously described arms 105 and 106
of FIG. 1. In the initiation of an operating cycle, the
left-hand end of the lever 163 is pressed down so that the
ear 110g may move to the right under the influence of
the spring 114 as previously described. The ear 116a
then overlies the left-hand end of the lever 103. During
the forward stroke of the machine, the arms 105 and 106
are permijtted to rotate in a clockwise direction under the
influence of the spring 107, since the pin 56 moves to the
left in FIGS. 1-and 11 with the main operating link 54
as previously described.

As the lever 183 moves to the right, it slides out from
under the ear 110a such that the left-hand end thereof
is raised, this movement being urged by the angle of the
spring 107 and being permitted by the widely slotted
portion 103a of the lever. The shoulder 1035 of the lever
is therefore again arranged to the right of the ear 110a.
During the return stroke of the machine, the pin 56 bears
against the arm 106 and causes counterclockwise move-
ment of the arms 165 and 106. This forces the lever
163 to the left whereby it bears against the ear 110g,
moves the lever 118 and the arm 112 to the left, and re-
opens the switch 115 to deenergize the motor 22.

It will now be seen that control apparatus has been
described which causes energization of the main drive
motor upon initiation of an operating cycle by depression
of the motor bar. Control apparatus has also been de-
scribed’ for deenergizing the motor upon completion of
an operating cycle.

In the event that a repeat operation is called for by
continued depression of the motor bar, the motor may be
either continuously energized or reenergized after the
first stroke, depending upon the speed of operation of
the load dev1ces under the influence of the base spring
and any dashpot which may be employed. In any event,

the repeat cycle starts immediately after the load devices
complete their operation and the pawl $3 releases the cam’

roller 91 such that the arm 162 again forces the left-hand
end of the lever 103 down.

An additional switch 116 seen in FIGURES 5 and 6
may be_ employed to prevent operation of the motor 22
whenever a hand crank is employed to drivé the machine

e
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to test its operation, or for other reasons. It is desirable
that the motor be so deenergized when the hand crank
is applied since energization: of the motor with the hand
crank inserted may result in injury to the operator.

The right-hand end of the shaft 21 is squared to re-
ceive such a hand crank 117. Insertion of the hand crank
on the squared end of the shaft 121 forces a lever 118,
pivotally mounted at 119, to pivot in a clockwise direc-
tion from the position shown in FIG. 5 to that shown in
FIG. 6. As is shown in FIG. 5, the contacts 120 of the
switch 116 are closed when the arm 118 is in its normal
position, whereas they are open as shown in FIG. 6 when
the arm 118 is pivoted in a clockwise direction. The con-
tacts 120 are of course arranged in the power circuit of
the motor 22 such that when the contacts are open the
motor cannot be energized.

Complete drive means for a calculating machine have
now been shown, along with the controls therefor. The
control means shown in the drawings and described above
include means for causing engagement and disengagement
of the clutch members 39 and 41 and means for open-
ing and closing the motor switch 115, all at appropriate
times within the operating cycle of the machine. As has
been indicated above, the cam 51 of FIG. 3 drives the
cam follower 52 during the forward stroke of the ma-
chine, after which the base springs 20 acting through the
sector 60 drive the machine during the return stroke.
Since retarding means, such as a dashpot, are -conven-
tionally operative during the return stroke of a calculat-
ing machine, the shaft 21 may tend to lag behind the
drive means. In such case the cam follower 52 is free
to move clear of the cam 51 during the return stroke of
the machine. This arrangement is generally desired in a
calculating machine since it assures that during the re-
turn stroke, when the machine is particularly susceptible
to injury by too rapid operation, the various load devices
are driven by a limited, resilient force, as well as at a
controlied speed which will permit proper sequential
operation of the various load devices.

With such a drive means it will be seen that the motor,
during the forward stroke, provides the required energy
for both the forward stroke and the return stroke of the
machine with the result that it must be capable of exert-
ing twice the force that would be required if the motor
were to drive the machine throughout the forward and
return strokes. This calls for a larger motor than would
otherwise be required and not only makes the overall
machine bigger, heavier and more costly, but, in itself,
adds to the inertia which must be overcome when the
motor is first energized.

In the event of a repeat stroke, where the motor is not
brought to. rest at the end of each stroke, a very substan-
tial difference in the speed of operation will result, as is
illustrated in FIG. 7. In that figure the curve A shows
the angle of movement plotted against time in a single
stroke operation in a machine such as that which has so
far been described above. The curve B is characteristic
of a repeat.cycle of the same machine. It will be readily
apparent that there is a substantial difference in the time
for completion of a cycle, depending upon whether the
motor starts from a standing position or from a running
position. This results, very largely from the fact that the
large motor itself provides considerable inertia which
must be overcome in starting a single cycle or the first
cycle of a repeat operation.

" As opposed to this wide discrepancy in the operating
time for a single eycle and a repeat cycle, the curves C
and D very nearly overlie each other, the curve C being
characteristic of a single cycle and the curve D being
characteristic of a repeat cycle for the illustrated machine
having load distributing means applied thereto as de-
scribed below. These load distributing means distribute
the load over the entire cycle of operation whereby the
maximum torque and power are greatly reduced and a
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10
smaller motor may be employed. This smaller motor
is much more readily accelerated to running speed. It
is this factor which accounts primarily for the similarity
of the curves C and D as opposed to the substantial dis-
similarity of the curves A and B.

Load distributing apparatus

The load distributing means includes a cam 130
secured to the shaft 38, and a cam follower 131 rotatably
mounted on an arm 132 which is freely rotatable on the
shaft 35. One end of a tension spring 133 engages a
pin 134 at the free end of the arm 132, and its other end
is secured to the frame of the machine. When the cam
130 forces the cam follower 131 rearwardly, or to the
left in FIG. 3, this expands or energizes the spring 133.
When the cam 130 permits the return of the cam fol-
lower 131 forwardly, the spring 133 is permitted to con-
tract whereby the spring, acting through the cam and
cam follower, urges rotation of the shaft 38.

In FIG. 3 the load distributing means and a portion of
the cam drive means are shown in their normal positions;
that is, the positions occupied at the end of an operating
cycle. When the motor bar is depressed to cause engage-
ment of the clutch members 39 and 41 and to energize
the motor 22, all as described above, ensuing clockwise
rotation of the shaft 38 as viewed in FIG. 3 causes the
cam 51 to move the cam follower 52 rearwardly. This
draws the link 54 rearwardly to drive the calculating ma-
chine through its forward stroke and energize the return
spring means.

In accordance with the present invention this double
load is shared by the motor 22 and the load distributing
means. It will be seen that during this forward stroke
the cam follower 131 of the load distributing means rides
along a portion of the cam 130 which slopes inwardly
or toward the axis of the cam. Accordingly the previ-
ously energized spring 133 encourages rotation of the
shaft 38 such that it aids the motor 22. During the ini-
tial part of this forward stroke the spring 133 is under
greater tension than it is during the latter part of the
forward stroke when the spring has partially relaxed.
Accordingly the spring 133 exerts a greater force during
the first part of the forward stroke than it does during
the latter part. For this reason the cam 139 has a steeper
slope in engagement with the cam follower during the
latter part of the forward stroke than during the first
part. In other words, the cam is so shaped as to permit
slower relaxation of the spring during the initial part of
the forward stroke than during the latter part. This
tends toward a uniform flow of power from the spring
133 to the shaft 38 during the entire forward stroke, even
though the force exerted by the spring diminishes through-
out the forward stroke of the machine. This change in
the slope of the cam is readily seen in FIG. 3.

During the return stroke of the machine the load is
carried by the base spring with the result that no. load
is imposed on the motor 22. Accordingly, it is during
this return stroke that the motor 22 reenergizes the spring
133. It may readily be seen in FIG. 3 that during the
second half of the operating cycle, that portion of the
cam which engages the cam follower 131 slopes out-
wardly away from the shaft 38. This drives the cam
follower rearwardly to expand the spring 133. It may
also be seen in FIG. 3 that that portion of the cam 130
which engages. the cam follower during the initial part
of the return stroke is steeper than that portion which
engages the cam follower during the latter part of the
return stroke. - This produces more rapid energization of
the spring 133 when the spring is relatively relaxed and
more gradual energization of the spring as it becomes
more tauf, - This tends toward uniform flow of power
from the motor to the spring 133.

The shape of the cam 130 may also be such that the
load distributing means complements the individual effect
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of the various load devices. For example, if during the
forward stroke there is an interval when the load devices
impose a relatively light combined load on the drive
shaft, the cam 133 may be made relatively flat (circular)
over the corresponding angle such that the load distrib-
uting means carries a relatively minor share of the load.
Similarly if the combined load of the various load de-
vices is to produce a relatively heavy load over a small
part of the forward stroke, the cam 130 may be made
relatively steep over the corresponding angle whereby
the load distributing means carries a major portion of
the load.

It will now be understood that the provision of a low
point on the cam 13¢ corresponding to the end of the
forward stroke of the machine and a high point corre-
sponding to the end of the return stroke of the machine,
with a reasonably gradual slope therebetween, cause ener-
gization of the load distributing spring 133 during the
return stroke and a flow of power from the spring 133
to the common drive means during the forward stroke,
whereby the combined load of the various load devices
and the load biasing means is distributed over the for-
ward and return strokes of the machine. Furthermore,
uniformity of load throughout the forward stroke and
throughout the return stroke may be closely approached
by provision of the proper slope of the cam to comple-
ment the varying force exerted by the spring as it be-
comes more relaxed or more taut. More specifically, the
slope may be increased where the spring is more relaxed,
and may be decreased where the spring is more taut.

Still further, the slope of the cam over that portion
corresponding to the forward stroke of the machine may
be varied over selected anglés corresponding to a greater
or lesser combined load imposed on the drive shaft 21.
By such control of the slope of the cam 130 the com-
bined load may not only be distributed between the for-
ward and return stroke but, to a limited extent, may be
uniformly distributed over both the forward stroke and
the return stroke. The extent to which uniformity of
motor load may be obtained is limited by the fact that
various of the load devices impose varying loads on the
motor, depending upon various conditions such as the
setting of keys prior to the initiation of the operating
cycle, all as is well understood by those skilled in the art.
Accordingly, the primary function of the load distribut-
ing means is to distribute the load between the forward
and return strokes of the machine, and a secondary func-
tion is to complement the combined load to make it as
nearly uniform as is practical over each of these strokes.

An important factor of the present invention is that
load distributing means are provided which operate on
common drive means of the machine, and which may
nevertheless be arranged to distribute the load on the
motor substantially uniformly, even though various load
devices impose their own individually characteristic loads
on the drive means over different angles of the operat-
ing cycle, and even though these loads are concentrated
in a single 180° angle of the operating cycle. Through
the use of a cam, it is possible to produce a substantially
uniform energization and deenergization of the load dis-
tributing spring 133 even though the spring exerts a
greater or lesser force depending upon its degree of ten-
sion.

The artificial imposition of positive or negative forces
on the drive means by such load distributing means as
that disclosed in the drawings and described above per-
mits the use of a smaller drive motor since the peak load
on the motor is much smaller than would be the case
where such load distributing means are not employed.
The smaller motor which may thus be employed may
have a correspondingly smaller inertia whereby the
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motor, along with the various driven elements, may be
more rapidly accelerated to normal operating speed. = -

Attention is again directed to FIG. 7 wherein it is seen
that the curves C and D, representing, respectively, a
single cycle and a repeat cycle, very nearly overlie each
other, even though the drive motor starts from a stand-
ing position for a single cycle and from a running posi-
tion for a repeat cycle. This is opposed to the wide
discrepancy between the curves A and B representing,
respectively, a single cycle and a repeat cycle for a ma-
chine which has no load distributing means but which is
otherwise very similar to the machine of which the curves
C and D are characteristic. The sharper peaks of the
curves C and D as compared to the curves A and B may
be accounted for largely by a modified drive system, but
the near coincidence of the curves C and D as opposed
to the substantial difference in operating time shown by
the curves A and B results primarily from the use of the
load distributing means on the machine of which the
curves C and D are characteristic. Accordingly the
smaller drive motor permitted by the use of the load
distributing means shown and described herein not only
results in a smaller, lighter and less costly machine, but
produces more uniform speed of operation as between
single cycle and repeat operation.

It will be apparent that the invention may be varied in
its physical embodiment without departing from the spirit
of the invention, and it is desired, therefore, that the
invention be limited only by the scope of the appended
claims. )

The invention having thus been described, what is
claimed and desired to be secured by Letters Patent is:

1. In a calculating machine of the type including a
motor for driving the machine during the forward stroke
of the machine cycle and a spring for driving the ma-
chine during the return stroke of the machine cycle,
energy being transferred from said motor to said spring
during the forward stroke, the combination of a first shaft
connected to said motor for rotation through 360 de-
grees, a rock shaft, means drivingly connecting said first
shaft to said rock shaft to rotate said rock shaft in one
direction during said forward stroke and to permit rota-
tion of said rock shaft in the opposite direction during
the return stroke, means connecting said spring to said
rock shaft to transfer energy to said spring from said
rock shaft during said forward stroke and to tramsfer
energy from said spring to said rock shaft during said re-
turn stroke, a cam secured to said first shaft, a cam fol-
lower, a second spring fixedly positioned at one end and
connected at its other end to said cam follower for urg-
ing said cam follower into comtact with said cam, said
cam being shaped to move said cam follower in a direc-
tion to cause the transfer of energy to said second spring

. from said first shaft during the return stroke and to cause
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the transfer of energy from said second spring to said first
shaft during the forward stroke, thereby to stabilize the
load applied to said motor during a full machine cycle.

2. The combination set forth in claim 1 wherein said
rock shaft is rotated through approximately 90 degrees
during each of said forward and return strokes.
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