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VARIABLE INTERVAL STEPPING SWITCH
James S, Roberts, Brookfield, Wis., assignor to Milwaukee
Chaglet & Mfg. Company, Inc., Milwaukee, Wis,
Iiled June 30, 1961, Ser. No. 121,241
12 Claims. (CL 307-—141.4)

Divisional application, Serial No. 244,643, filed De-
cember 14, 1962, to a Drive Mechanism for a Stepping
Switch; divisional application, Serial No. 244,644, filed
December 14, 1962, to a Stepping Switch and divisional
application, Serial No. 244,773, filed December 14, 1962,
to a Mounting Structure for a Timer of this invention are
now co-pending.

This invention relates to a means for controlling a
sequence of operations and more particularly relates to
that class of electrical switching means known as a step-
ping switch. The invention has special reference to a
stepping switch with mechanical and electrical means for
stepwise operation to control a sequence of events.

Stepping switches as heretofore commonly known in
the art have included a memory device on which is struc-
turally caded a predetermined program. The coded strue-
ture ordinarily represents and actuates a desired sequence
of switching operations. Each switching operation in turn
controls one or more events such as operating a machine,
admitting liquid into a tank, closing a valve or the like.
The ceded structure of the memory device accomplishes
this by manipulating switches which the structure engages
or disengages in the course of operation.

As a general rule the memory device of such stepping
switches is an intermittently rotated member. The inter-
mittent rotation moves the member a fraction of a circle
cach time, dwells at the new position for some predeter-
mined period of time, then moves to another position in
like fashion and dwells again. This moving and dwelling
during rotation is termed “stepping.”

Ordinarily, the fraction of 2 circle moved and the
length of time that the prior art stepping switches dwell
are the same as between any two successive cycles of
intermittent rotations. This restricts the time limits of
the thing controlled to multiples of the single dwell period
since the switches manipulated by the memory device
are maintained in (or out of) position during the dwell
period, or during successively occurring dwell periods if
the memory structure so dictates. Where the control pro-
gram of the thing controlled requires widely varying con-
trol (or dwell) periods, it may be difficult if not impossi-
ble to program adequately on the memory device. Physi-
cal spacing is one reason for this. Further, some con-
trolled systems require interruption of the time sequencing
when certain events transpire, e.q. a temperature rises
too high, a fluid flow drops too low, or a chemical con-
centration exceeds its allowable tolerance, or a machine
fails to perform properly: prior art stepping switches have
often required very cumbersome construction to accom-
modate such inferruptions and then continue with the
stepping, and some could not do so at all.

United States Patent No. 2,784,786 issued to F. A.
Pearson on March 5, 1957, for a “Stepping Switch Appa-
ratus” is exemplary of the prior art.

The present invention, although it transcends the same,
embodies certain features set forth in the copending United
States application filed October 9, 1959, by myself and
Elmer S. Welch, Serial No. 845,480 for a “Program Con-
troller,” now U.5. Patent No. 3,101,435 granted August
20, 1963,

A primary object of the invention is the provision of
a stepping switch having different dwell time intervals
arranged in a predetermined pattern or sequence.

Another object of the invention is a stepping switch
arranged to dwell for a selected one of a plurality of
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discrete time intervals in a predetermined selection
sequence.

Still another object of the invention is a stepping switch
arranged to dwell in a predetermined sequence for time
intervals, other than discrete time intervals, of respec-
tively different predetermined lengths.

A further object of the invention is a stepping switch
construction allowing a response to an interruption by
some event other than time buf which resumes stepping
in a predetermined fashion after such interruption.

Still another object of the invention is the provision of
a stepping switch system having one or more stepping
switches each of which is compatible enough with the
others to be connected in master-slave relation whereby
one or more of the foregoing respective objects are
accomplished.

An object of the invention is a stepping switch con-
struction allowing changing of the memory device where-
by an entirely new program is achieved by substituting a
new memory for an old one.

The invention has as an object a stepping switch hav-
ing any single one or any combination of the foregoing
objects.

The presently disclosed embodiment of the invention
is adaptable either to controlling operations continuously
or to manual initiation when a desired sequence of opera-
tion is to be carried out. A stepping switch constructed
in accordance with the invention is particularly well suited
for controlling the processing of dairy products, for exam-
ple, to control operations for pasteurizing or for control-
ling so called “clean in place” operations. The latter, for
example, involves cleaning the various pipes, valves, treat-
ing vessels, and the like by a sequence of verifying if the
same are free of materials being processed, rinsing the
dairy system with cold water, rinsing with hot water, con-
tacting and cleaning with an alkali solution, contacting
and treating with an acid solution, and then rinsing the
whole thoroughly to remove all cleaning chemicals. The
cleaning operation is ordinarily manually started by the
operator but the different steps are carried out automati-
cally until cleaning is completed. To facilitate proper
starting procedures, and to advise when the process has
been completed, various signalling means may also be
provided. Signal lights, buzzers, or the like are exemplary

5 of such signalling means. Irrespective of the specific use

to which the present stepping switch may be put, the
essential objects, features and advantages of the inven-
tion are at all times preserved.

Briefly, the invention in one form thereof includes a
hollow perforated cylinder or drum fitted with removable
pins. The drum and pins constitute the memory device.
The program is coded by the placement of the pins. The
pins are arranged in rows extending both axially and
peripherally of the drum. Each peripheral row of pins
is aligned with a suitable switch. Each axial (lengthwise)
pin row represents a time interval in the program. Cer-
tain perpiheral rows of pins represent the program or chan-
nel selectors if there is more than one program stored on
the drum. A second peripheral group of pins represents a
means to connect the motor driving the drum with an ap-
propriate time interval signal source (e.g. a clock timer)
whereby the drum is caused to dwell, thereby to move
in a stepping manner. Dwell is achieved by stopping the
motor. Still a third group of pins and their corresponding
switches is arranged to control some function or machine
element in the process which is to be carried out; there can
be one or a plurality of functions, machines, etc. simul-
taneously controlled.

In the preferred embodiment, the three groups of pins
are arranged axially on the drum. When one pin in each
group is aligned axially, a control function is achieved.
In some instances, as detailed below, absence of an axial
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pin may initiate or terminais a control function. As the
dram is stepped around its cycle, respective pins make
and break various electrical circuits to carry out the con-
trol and stepping functions. The length of time for a
given control function is in part determinsd by the pe-
ripheral length of a pin row.

While running, a stepping switch according to the in-
vention causes the drum to rotate through a predetermined
angle, then to stop and dwell there for a predetermined
time interval, and then to repeat until a complete cycle
has been run through. When the drum (i.e. motor) stops,
the second pin group through electrical means starts a
timing means and enables a holding circuit to keep the
drum (motor) in position (dwell) during the time interval.
During the time interval other electrical means have been
actuated by the third pin group to bring about the desired
contrel function. The control function may continue from
one time interval to another, if desired, except where the
pins positioned on the drum determine termination of a
selected contro! function such as opening or closing a
valve. The control function may be carried out over a
period of successive time intervals of either respective dis-
crete lengths or the single predetermined length. At ths
end of the selected time interval the drum again steps
and either continues or discontinues the control function
according to the pins set on the drum. Any control func-
tion may overlap any other control function (time-or-se-
quence-wise) to any predetermined extent.

The drum is mounted in uaique fashion so that it acts
as a housing for the drum motor and the gear transmis-
sion connected betwen the motor and drum. This ar-
rangement facilitates removal of one drum and replace-
ment with another, thereby to change programs. In this
fashion, a large number of programs can be made up
and stored in advance on appropriate drums. The opera-
tor can then place the appropriate drum on the machine,
zero it by locating it at its starting position, and then
begin operation.

The invention also contemplates appropriate electrical
meauns for starting, running, skipping certain operations
in accordance with certain signals, permitting interruption
by signals derived from a base other than time, and re-
setting or “holding” the entire apparatus so that the cycle
may be repeated. One aspect of the electrical means in-
cludes certain ones of the switches which are manipulated
by the pins.

As pointed out above, there are two species of time base
with which we are primarily concerned, one of which is
a discrete time interval of predetermined length and which
is capable of being repeated, and the other is a time in-
terval of any predetermined length (non-discrete interval).
In a specific embodiment, the discrete time interval means
includes plural clocks or timers, most advantageously three
or more but not restricted solely thereto, wherein certain
of the pins and switches are employed to select one timer
and to disable all the other timers. In this fashion, a
plurality of discrete time intervals is stored, but only one
is called into use at a time. In this fashion, the dwell
periods are controlled and can be any combination of mul-
tiples and/or sums of the time intervals represented by the
respective timing means. Thus, the various time intervals
can be repeated at will.

With respect to the non-discrete interval circuit, the in-
vention comprehends chopping a beam of light in such
fashion that a photoelectric cell provides drive pulses to
the motor which operates the drum. The arrangement
is such that the motor steps to its next position and then
remains stili until the disc which chops the light beam has
moved an appropriate amount, In this fashion, a dwell
period of any predetermined length is provided at any
particular time in the cycle without being restricted to
sums or multiples of discrete time intervals.

Another feature of the present invention is the provi-
sion of certain circuits associated with the drum motor
and the pins which are so designed as to be compatible
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with either the discrete interval stepping switch or the
non-discrete interval stepping switch as described briefly
above. This particular feature promotes mass production
and facilitates interchangeability of parts. Furthermore,
it lends stepping switches of either character to being con-
nected in master-slave relation one to another. It is par-
ticularly advantageous in the connection of a discrete in-
terval timer as a slave to a master non-discrete interval
tiner.

In connection with the drum or memory drive system,
a unique system is provided whereby the drum is moved
to “dead center” in such fashion that it is rotated through
2 predetermined angle each time a stepping operation takes
place. This assures the accuracy of the time intervals re-
quired in the control functions. The drum motor and
drum are brought to dead center in such fashion that the
dwell period is not upset, at least within the limits of ac-
curacy of the stepping switch. In one particular embodi-
ment, the drum is arranged with 60 different steps (i.e.
pins or perforations for receiving the pins) whereby 6°
of rotation is provided fer each step.

The respective electrical means also provides for vari-
ous manual selection switches whereby one particular pro-
gram can be put in operation, or whereby the apparatus
may be manually operated entirely.

Cther objects, advantages and features will become ap-
parent from the following description when read in con-
junction with the associated drawings. Throughout the
drawings, the same reference numerals are used to desig-
nate the same parts and the usual convention is employed
of showing the electrical apparatus in the position assumed
when all of the electricity is cut off from the circuits. In
the drawings:

FIG. 1 is partial plan view of the memory device, or
drum, showing the relationship of the drum and associ-
ated structere to certain microswitches engaged during a
control program.

FIG. 2 is a partial elevational cross section of a rela-
tionship between the drum and switches as seen along sec-
tion 2—2 of FIG. 1.

FIG. 3 is a cross sectional elevation through the drum
showing the gear train along the shaft.

FIG. 3A is a cross sectional end view through 3a—3a
of FIG. 3 showing the reiationship of the dead centering
means of the Geneva drive.

FiG. 4 is a simplified schematic and partially exploded
perspective electro-mechanical view of one embodiment
of the invention for operation on a selected one of a plu-
rality of discrete time intervals, presented for explanatory
purposes.

FIG. 5 is a simplified-electric schematic of the embodi-
ment of FIGS. 4, 8 and 9, presented primarily for ex-
planatory purposes.

FIGS. 5A, 5B, 5C and 5D are all electric schematics
cf modifications of the system represeanted by FIG. 5.

FIG. 6 is a simplified schematic and partially exploded
perspective electro-mechanical view of one embodiment
of the invention for preferably operating on on-discrete
time intervals,

FIG. 7 is a simplified schematic representation of the
electric circuits of FIGS. 6, § and 10, showing the op-
erating portions free of starting means and the like pre-
sented primarily for purposes of explanation.

FIG. 8 represents schematically a function enabling
and memory driving circuit which is common to both of
FIGS. 9 and 10.

FIG. 9 represents schematically a circuit for use with
the circuit of FIG. 8 as a system for a stepping switch
that steps by discrete time intervals, selecting one from
a number of such intervals stored in the systen.

FIG. 10 represents schematically a circuit for use with
the circuit of FIG. 8 as a stepping switch system for step-
ping in accordance with a stored program of time in-
tervals, usually but not necessarily of non-discrete lengths,

FIG. 11 is a simplified plan view showing the drum in
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operating position (solid lines) and in drum-changing
position (dotted lines) as permitted by the mounting
means,

FIG. 12 is a simplified perspective view of the drum
in the operating position of FIG. 11.

FIG. 13 is a simplified perspective view of the drum
when swung out to drum-changing position.

General

A stepping switch constructed in accordance with the
invention includes a revolvable drum 2 (FIGS. 1-4 and
11-13) mounted adjacent a row of switches H1, H2,
L1, L2, L3 ... The drum is revolvable through 360°
in a series of steps, stopping at the end of each step and
dwelling or holding until signalled to step again. The
rotation and stopping is controlled by electrical means,
hereinafter described in more detail with reference to
FIGS. 4 through 10. A plurality of pins such as the
homing pin BP, PI, P2, P3 . . . are located aleng the
length of the drum with each of the so designated pins
being located in rows. Only one homing pin is provided
for reasons hereinafter explained. The pins in each row
(each row of pins being designated as PL, P2 . . .) cor-
respond to and engage respective limit switches L1, L2,
L3 ... The pins actuate and deactuate the switches to
initiate and terminate a series of control functions, Con-
trol functions can be carried out simultancously or in-
dividually and in a predetermined sequence.

The pins, which are removable, are only inserted
where a control function is desired, thus a predeter-
mined sequence of functions may be set on the drum and
thereby bring about the control program responsive to
the stepping rotation of the drum. The time intervals
during which a control function is carried out are deter-
mined by the lengths of time that the drum dwells at
different positions.

COne homing pin HP is provided in alignment with
the homing switch Hi, H2. The homing pin defines the
position to which the drum is driven after a control pro-
gram has been completed. When the drum arrives at
home, it stays there until another program, or the same
program, is begun all over again.

A plurality of programs may be stored on the drum.
Assuming two programs to be stored on the drum, the
rows of pins P1 and P2 and their corresponding limit
switches L1, L2 are arranged to define those positions
at which the drum dwells. Where there is an absence
of pins P1, P2 there will be no dwelling and the drum
will drive to the next succeding pin in the row or to the
home position. Of course, more than two programs may
be stored on the drum where space permits.

Where discrete intervals of time are to be employed
in stepping the drum, the rows of pins P3 and P4 along
with their corresponding switches L3 and L4 are em-
ployed to select a timing means to provide the predeter-
mined discrete time interval during which the drum will
dwell in the position to which it has been stepped. As
will be hereinafter explained, it is possible to use two
rows of pins P3, P4 to select one of three timing means.
In an alternative embodiment, three pin rows P3, P4
and P5 may be employed to select one of three timers.
Thus, speaking generally, two embodiments of discrete
interval timers are provided wherein one embodiment
requires a pin row for each discrete interval to be in-
cluded in the program while the other embodiment uses
one less row of pins than there are discrete interval tim-
ers. In the last-mentioned variety one particular time
interval is selected by the absence of any pin P3 and P4
in their respective rows.

Assuming two programs on the drum and that the
pins P3 and P4 are employed for selecting a discrete in-
terval, the rows of pins P5, P6 . . . and their correspond-
ing limit switches L5, L6 . . . are employed for select-
ing a control function. The control function is initiated
when a pin in the peripheral row engages its correspond-
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ing limit switch. More than one of the pins P5, P6 . . .
may engage its corresponding limit switch simultaneous-
ly. A control function is terminated when no pin is
present, in one preferred embodiment.

Thus, in the discrete interval timing means for caus-
ing the stepping operation, at least three pins must be
aligned with each other, referring to alignment axially on
the drum. The three pins would be the program selector
pin such as P1, P2; the timer selection pin P3, P4 (or no
such pin in one embodiment); and one of the function
selecting pins P5, P§ . . . When such an alignment oc-
curs, there limit switches are actuated to both carry out
a stepping operation and to select a control function.

Where a variable interval (i.e. non-discrete time in-
terval) is employed, it is still possible to program more
than one control cycle on the drum by proper placement
of the removable pins. In this case, the program selector
pins P1 and P2 again serve their function, and additional
program selector pins such as P3, P4 may be used. The
other pins on the drum such as P53, P6 ... may be
used for selecting their particular control function. In
this embodiment, two pins, a program pin and a function
pin, are aligned axially on the drum and simuitaneously
actuate their corresponding switches, for example, pin
Pi and P5 may be aligned.

The memory device 2 and its attendant mechanical
and electrical stepping means may conveniently be en-
closed in any suitable type of cabinet, preferably one
that will keep out dirt, dust, moisture, and other deleter-
ious substances which may be present in the atmosphere.
The cabinet is denoted generically as 6 and has drum
supporting means as described in FIGS. 11, 12 and 13
mounted therein. The cabinet should have a door or
removable panel large enough to allow swinging the
drum to the positions indicated in FIGS. 11 and 13.

The limit switches and the homing switch, generically
denoted as 4 and 5 in FIG. 2, are mounted from a switch
supporting bar § which is supported within the cabinet.
Brackets 10, 11 extend from each side of the bar 8 in a
direction generally perpendicular to the axis of the drum
2. The limit switches (actually H1, H2, L1, L2 but re-
ferred to as 4 and 5) 4 and 5 are secured in the respec-
tive brackets by any suitable means such as glue, screws
14, 15, or the like in such a position that their pin engag-
ing members 16 (ordinarily a roller in accordance with
limit switch and micro-switch construction) is aligned
with the pin engaging member of all other limit switches
regardless of which side of the bar 8 they are mounted
on.
The drum 2 is a hollow cylindrical perforate member
with holes located as shown for axial and peripheral
alignment.

The support bar 8 may advantageously be hollow and
perforated along the sides from which the limit switches
are supported. In this fashion, wires or other electrical
conduit means can be led to the respective switches
through the hollow portion of the support member 8.

As shown in FIG. 2, the pins P have a T shaped cross
section with a stem 18 and a head 19. The pins are re-

- movably mounted in the drum by driving the stems into

the perforations 3% which are arranged in rows both
axial and peripheral of the drum 2. The heads of the
pins are shaped so that the pins may be positioned adja-
cent each other in a peripheral drum row so that they

g5 engage and maintain engaged a limit switch on two suc-

cessive steps of the drum.

In one embodiment, described hereafter with refer-
ence to FIGS. 3 and 3A, the driving means is arranged
to step the drum through 60 increments of 6° each in one
Of course, other arrangements for
stepping may be employed, but this is convenient because
minutes and hours both have 60 seconds and minutes,
respectively, and the drum is thus automatically divided

_into appropriate physical intervals representative of time

75 Yintervals.
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Thus it will be seen that the drums are pre-programmed
by structure carried thereon which represents respective
time intervals for stepping. Pre-program droms act as
memory devices so that any process or contro} sequence
may be stored and used later on. A plurality of control
programs may be stored on the drum. Programs are
easily changed in the field by relocating pins on the
drum, or by slipping pre-programmed, interchangeable
drums into the controller in the fashion described below
with respect to FIGS. 11, 12 and 13.

FIGURES 3 and 34

FIG. 3 shows in cross section the arrangement of
the drom motor 28, the dead centering means 24, and
the gear train 22. The whole is arranged so that the
drum 2 may be easily removed and so that the motor and
gear train is encased within the drum.

Refeiring now to FIG. 3, there are shown the drum 2
sectred by removable means such as a plurality of screws
5% to a pair of hubs 52, 34 which are spaced apart along
a non-revolvable shafi 58. The shaft 56 has a flatted
portion 58 to which the motor 28 is secured by any suit-
able means such as screws, brackets, or the like. Tha
shaft has a hollow porticn 69 preferably disposed at the
inboard end adjacent the hinge means for swinging the
drum out of the bracket to change drums and thereby in-
stall a new program. Wires for the motor 28 and various
switch means associated with the dead centering means
24 are led in to the inside portion of the drum through
the hollow portion 68.

he hub 54 is revolvably mounted on the shaft 56
v any suitable bearing, preferably a frictionless bearing
uch as a ball bearing, indicated generically as 62. Fub
34 is maintained in its position on the shaft by a pair of
paced apart rings 63, 64 which are secured to the shaft
v set screws 65 and 66.

The hub 52 is mounted in a partly similar fashion, but
uses the gear train 22 and the supports thereof in leu of
a ring such as 63 to guard against axial displacement to-
ward the other hub.

The gear train is supported from the shaft by support
means generically denoted as 78 which is secured to the
shaft and so constructed as to allow varicus portions of
the gear train to revolve relative both to the support means
and the shaft 56. The support means (and the gear
train for that matter) is secured to the shaft by a pair of
spaced apart gear train supporting hubs 71, 72 which are
respectively secured to the shaft by set screws 73, 74.
A plurality of washers 75 are disposed between the sup-
port hubs and adjacent revolving members, one of such
washers being used to space the drum hub 52 from the
support 71.

An idler support plate 77 is secured to the hub 71 by
any suitable means such as screws, welding, or may be
formed integrally therewith. A dead centering switch - 55
support plate 78 is supported in spaced apart relation to -
the idler plate by means of a plurality of tubular spacers
79, the whole being secured together by a corresponding
plurality of nuts and bolts §9. i

A motor support plate 82 is secured to the hub 72, or
may be fashioned integrally therewith. The motor may
be supported from this plate if desired. The motor plate
82 has an aperture 83 through which the motor output .
shaft 21 extends.

Ths motor output shaft is connected dirsctly into the 65
gear train by means of a Geneva wheel arrangement which >
includes a Geneva pin wheel 34 having in the preferred
embodiment a pair of 180° spaced apart pins &5 secured
thereto by any suitable means such as force fitting, weld-
ing, or the like. The reason a pair of pins is used is that
the Geneva wheel 86 is a tenpoint drive having ten slots
therein.

The dead centering timing wheel 111 is formed as a -
plate mounted to rotate in unison with the Geneva pin
wheel,
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A sleeve §7 is dispesed beiween the Geneva wheel and
a shaft mounted gear 83 in such fashion that the gear
and Geneva wheel rotate together. Appropriate bearing
means 89 are provided to revolvably support from the
shaft the Geneva wheel, gear and sleeve. With this con-
struction, the gear 88 and the Geneva wheel 86 rotate in
unison.

A driven drum gear 99 is secured to the hub 52 by any
convenient means such as keying or a forced fit in order
that hte drum rotate in unison with the gear 99. A pair
of idler gears 91, 92 connect the gear 83 to the gear 99.
The idler gears are revolvably supported from the sup-
port means 78, preferably from a single shaft 93 to which
they are both secured to rotate in unison. The securing
means may advantageously comprise idler set screws 94
which engage flatted portions on the shaft 93.

The shaft 93 is revolvably supported by a pair of bear-
ings ©5, 6. The idler shaft bearings 95, 96 are respec-
tively supported in the idler support plate 77 and the
switch support plate 78. The bearings may conveniently
be shaped as bushings so that the idler gear $2 is main-
tained in axial alignment with its mating gear §8.

In review, as the motor 28 rotates, the Geneva pins 85

rive the Geneva wheel 88 which revolves in character-
istic intermittent Geneva fashion and causes gear 88
to move in like fashion. Idler 92 is supported in mesh-
ing engagement with gear 83 and responds to the motion,
transmitting it to the idler gear 91 which then, being in
mesh with the drum gear 99, drives the latter. Thus,
a speed reduction is obtained at the same time the req-
uisite intermitient motion for obtaining a stepping action
is provided. In the preferred embodiment, it is desired
to siep the drum one €° increment of rotation in response
to a 180° rotation of the motor. Thus, a 30 to 1 reduc-
tion is preferably provided. Consistent with this, the
holes for receiving the various pins are spaced at 6° in-
tervals around the periphery of the drum.

When it is desired to remove the drum and replace it
with one having a different program, the screws 50 are
remioved and the drum moved axially until it is free of
the hubs.

In the upper central part of FIG. 3 is shown a detent
mechanism for mechanically positioning the drum and
the motor at dead center. This comprises a detent ball
27 which is mounted in a hole at the end of an exter-
nally threaded hollow detent case 98 which is screwed
into a corresponding threaded hole in the motor support
plate 82. A detent lock nut 89 further secures the detent
assembly in place.

Although not shown, the holiow detent case contains a
compressed helical spring which biasss the detent ball
99 into frictional engagement with the face of the Geneva
pin wheel 84, If desired, small depressions can be formed
at dead center position in the face of Geneva pin wheel
84, which depressions are engaged at the end of rotation
by the detent ball.

FIG. 3A illustrates a cross sectional view taken along
line 3A—3A looking in the direction of the arrows, of
FIG. 3 and shows in what position the dead center-
ing switch 108, 207 is secured relative to the dead center-
ing wheel 111, The dead centering switch is screwed
to the switch support plate 78 by a pair of screws 78a

~and 78b. The arm 114 of the dead centering switch is

thereby positioned with respect to the dead centering
wheel 111 so that switch 168 is closed when off dead
center and open at dead center as elsewhere described
in greater detail. The switch 108, 187 may be any com-
mercially available type of microswitch.

The timing wheel 111 in the preferred embodimeint is
different in minor details from that shown schematically
in FIG. 4, principally in that lobes 2132’ and 113’ are
provided in lieu of the notches 112, 113 shown in FIG. 4.
It will be observed in FIG. 3 that the Geneva drive pins

"85 are spaced apart so that one is entering a Geneva slot

at the same time the other is leaving the preceding Geneva
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slof. This further promotes positive positioning, Dead
center is preferably arranged so that the pins 85 are
in the positions shown in ¥iG. 3A when at dead ceater.
This permits the driving pin 83 which is entering the slot
to promote a stepping operation having a low initial
and final rotational velccity, with a high intermediate
velocity to get a sharp break in control functions, (ie.
break occurs during intermediate). When the driving
pins 83 are positioned as shown in FIG. 34, (ie. “dead-
center”) the drum is also at “dead-center.” The phrase
“dead-centering” refers to the drum as well as the motor
in-so-much-as the two are connected by virtue of the
Geneval wheel and related gearing.

Introductory description of discrete interval
embodiment (FIGS. 4, 5, 8 and 9)

The operation and construction of the discrete inter-
val embodiment is best understood by reference to FIGS.
4 and 3. Although direct current in the form of batteries
is shown for example as the power source in some in-
stances, it is to be understood that either alternating or
direct current may be used. However, it is preferabie that
alternating current may be used. Direct current power
sources are shown in the form of batteries 162,

FIG. 4 shows a memory device or drum 2 having a
plurality of pins 4 mounted thereon in the fashion of FIG.
1, described above. In the exploded portion, an electrical
motor 28 drives the drum through a gear transmission
assembly ZZ2 and mounted on the motor shaft to rotate
in unison with the motor in a dead centering means 24.

A plurality of timers 104, generically, are connected
in paraliel between the power supply and the ground. A
timer selection means 106 (L3, L4 in FIGS. 5 and 8)
is associated with each timer, being connected in series
between the timer and power supply arranged to enable
one timer and disable all other timers. The selector
switches are actuated by the pins 4 on the drum. A timer
enabling switch 187 is ganged with the dead centering
switch 188 so that each is disposed between the power
supply on one hand and, respectively, the timer selection
switches 186 and the drum motor, respectively.

Stated broadly, the mode of operation of the discrete
interval embodiment contemplates that each of the inter
val timers 104 is set for different lengths of time. The
pins on the drum are arrangsd to select one timer while
disabling all the others at sach step of operation. The
system is so arranged that the drum motor 28 cannot
operate while any one of the interval timers is running
and so that the interval timers cannot operate until
the motor 20 has reached a predetermined motor posi-
tion. The dead centering means denoted generically as
24 enables the motor 28 and the selected one of the
interval timers to operate alternately but mever simul-
tanezously.

Assume the system has besn properly started and is in
operation, referring to FIG. 4. Also assume that the
drum or memery device 2 has been stopped at the posi-
tion shown in FIG. 4. The pin P3 engages the left hand
timer selection switch 106 causing the left hand timer
to begin operation. The entire system stands still for the
particular discrete interval for which the left hand timer
104 is set. This may be, for example, thirty seconds,
five minutes, fifteen minutes, or any desired quantity since
the timers are adjustable. During the time interval, as
the timer runs the timer arm 118 approaches the timer
contact arm 169 and thereby completes a circuit from
the power supply to the motor 29.

The motor responds by starting to turn and in doing
so the timer enabling switch 187 is opened thereby pre-
venting any of the timers from operating until the
switch is closed, and permits the spring to resst contact
arm 389 (ie. open circuit to motor 2¢). With the ar-
rangement shown, the switch does not close again uniil
the motor has rotated 180°. At the same time that 167
is opened, the switch 168 is closed and thereby establishes:
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10
another circuit from the power supply to the motor: the
circuit thus established enables the motor to drive until
it reaches dead center 180° away, at which time the
switch 198 is opened.

When the motor has driven through 180° and reached
its predetermined position, the operation is again repeated
with license to select a different timer, the other steps re-
maining the same.

For purposes of explanation, the dead centering switch
and timer enabling switch 168, 167, are shown as actuated
by a timing wheel 111 having timing notches 112, 113
180° apart to actuate the switch arm 114. A more de-
tailed embodiment will be described below with respect
to the details of FIGS. 1-3.

It will be appreciated that a control function such as
opening a valve and maintaining it open is carried out
during the time that the drum 2 is at rest. The length of
time that the drum is at rest, or dwells, is determined by
the interval timer and therefore the particular control
function to ultimately be carried out is determined on
a time basis.

A more detailed explanation, including the structure
and operation required for starting, skipping and helding
is set forth below in greater detail with reference to
FIGS. 5, 8 and 9. As will be seen, more than two timers
may be employed and more than one particular control
program can be stored on the drum 2.

Introductory description of FIG. 8

The circuit of FIG. 8 is arranged so that it can be
used either with the circuit of FIG. 9 or with the circuit
of FIG. 10. As will be explained below, when FIG. 8 is
connected with one of FIGS. 9 and 10, the arrangements
of FIGS. 4 and 6, respectively results. The system of
FIG. 8 may also be arranged for manual operation. FIG.
8 is shown set up for automatic operation in conjunc-
tion with the circuit of FIG. 10. Manually operated
selector switches 146, 147 are used to set the system of
FIG. 8 for cither manual or automatic operation. Auto-
matic operation means automatic stepping in conjunction
with one of the systems of FIGS. 9 or 10. Switches 146,
147 are shown positioned for automatic operation. Man-
ually operated switches 148, 149 are used respectively
for manually stepping or for manually rotating the motor
29, and during setup operation.

Manually operated cycle selector switches 159, 154 are
used to set the system of FIG. 8 for use with either the
system of FIG. 9, or that of FIG. 10. As shown, cycle
switches 150, 154 are set for use with the FIG. 10 system
through engagement with their respective contacts 151,
155. The cycle switches 159, 154, are moved against
their respective contacts 152, 156 when it is desired to
use the FIG. 8 system in conjunction with that of
FIG. 9.

The system of FIG. 8 also includes timer enabling
switch 287 and dead centering switch 168 which are, re-
spectively, normally closed and normally open at motor
28 dead center. Switches 167 and 108 are, respectively
open and closed when the motor is off dead center, e.g.
when the motor is running. Dead center is where the
motor should be after the drum has been stepped to a
proper predetermined position.

A terminal block is provided having terminal block
connections TBI to TB17. These terminal block connec-
tions are identical to those shown in FIGS. 9 and 10. The
power supply 302 is connected to the system through a
power switch 158, which latter is always closed before the
system is put into operation.

Program master switches L1 and 12 are connected be-
tween the terminal block and switch 147. Discrete in-
terval timer selection and alternative program master
switches L3 and L4 (106 in FIG. 4) are connected be-
tween their terminals and cycle switch 158. In the pre-
ferred embodiment switches L3 and L4 are ganged to
additional switches 1.3-2 and L4-2 both of which latter
are normally closed and connected in series with each
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other between the terminal and switch $87. An alterna-
tive embodiment denoted as 186’ is illustrated in FIG. 5D

For convenience later on, it is to be cbserved that tnc
switch numbers L1 L4 all corres to a row of
pins on the drum so that L2 corresponds to P1, 1.2 1o P2
and so forth.

Ganged homing switches H1i and 2, o
ing pin EP are provided. H1 is open at mn e, c‘os-d ur-
ing running (drum off home). H2 is closed at home and
oren when the drum is off home (i.e. during a progr'un)

A relay R1 is provided having a plurality of cont
Ri-1,Ri-2 of which contacts is normally ope
and comw ted in series between the power supply and a
controlled function sthcn 15,L6 . ... The controiled
function switches 1.5, L6 . . . each correspend to a row
of pins on the drum such as P5, Fé . . .. Tt is to be
understood that any numbser of contacts R -3 etc. and
any number of function switches L5 ete. may be pro-
vided. Ordinarilly, the function switch cmtrcis some
process step ‘oy operating an electrical device, shown by

oo

ne

operated by hom-

+
acis

each

b

way of examyle as solenoids 159 and 165, The solenoids
may operate a valve, a switch, or the like. It is to be
understecod that the thrng controlled, represented by the

any suitable means for achiev-
function. A plurality of mghal
are provided for convenience in
ooefamr Tﬂc
d to the sw
in pare mh

in FiG. 5

various solenoids, may b
ing the desired comntrol
lights 164, 162 and 183
determining if various circuifs are
switchcs L3 and L4 of FIG. 8 correspon
6 of FIG. 4 as indicated by the u‘be
As described with more m“;,,a!ai referenc

5

)
e

the switches L3 and L4 are employed for seleciing a

imer while the switches L1 and 12 are emuloyed as a

master programming switch. As explained elsewhere
Go

with reference to the coafiguration of pins on the drum,
it wm be observed that a t lcast one of the switches L1
. .. L4 has to be closed by 2 pin and one of the switches
L5, L¢ . . . hasto be closed by an axially aligned pin in
order to achieve a control function. Where the system
of FIG. 9 for stepping with discrete intervals is employed,
it is further required that a third pin on the drum be
aligned so that one of the swiiches 1.3 and L4 is closed
at the same time one of the other two is closed.

4]

Introductory description of FIG., 9

In the embodiment of FIG. 9, power is brought in

through the power supply of FIG. 8, through terminal 2
past a normally closed manually cps at“’T emergency stop
switch 27§ to 2 starting circuit generically denoted 17Z.

The starting circuit is connected across the power supply
between leads from terminals TBI and TB2. A plurality
of timers (see FiIG. 4) are connected between terminal
TB1 and respective terminal blocks shown here as blocks
TB6, TB7 and TB8 The t operated contact arms
generically denoted as 389 {(FIG. 4) are connected in
parallel w1th cach other between h starting switch and
terminal TBES.

As an option:ﬂ feature

+5
e

a manually operated stepping

switch 174 is pm‘hd d in paraliel with the timer switches
159, Switch 174 is is norx wally open.  An autematic selec-
tor switch 176, similar in funciion to switches 146, 147 of
FEG. 8, is provided to connect between terminal TBI6

and the block of timer cperated swite nes 189, Selec-
tive switcih 174 is show ' in the position required for auto-
matic stepping operation. If desired to “.anuallv op-
erate the system of FIG. 9, when connected with FIG, §,

switch 176 is moved '\bgzrst contact 77 to place it in

series with the normally open manually operated rotating
switch £78 which latter is connected to the lead 188 that
is connected to the stariing switch. A second automatic

187

selector switch 182 is shown connected between terminal
TBY and the start jogging relay R4, The switch 182 is
shown closed for automatic stepping operations when
FIGS. § and 9 are operating as one system: in order to
put the system on manual operation the switch 187’ must
be opencd and the switch 176 moved against contact 177.
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For convenie nged.

The relay R
switch contacts R4
the timer

A manumy G,Nraf.gd yl i3
pmmdcﬂ to connsct between d i8% and a ele
one of the program master switches L* and LZ, This
mits storing two programs on each drum, the mastes
switch LI controlling one and the other program belm

ontrolied by L2. The particular program cn which the
system is to be operated is selected L positioning the
185, here shown as se the pregram defined

ster s“htcn 11 by connecting h» master switch

3 coming out of the swmng circuit 172.
nd 187 (’”G 9) serve to connect the hom-
(FIG. 8) in series between the starting
starting circuit 388, The reset circuit
a rese tl g or holding relay R2 which

changes the state of the respectively nor-
ally open and closed swit R3-Z and R3-1; and in-
anually operated resstting switch 128 which is
en and connecied in series between the hom-
i and reset relay R5. The resst relay R5 con-
ally closed contacts RS which are in scries
rting switch and the program sclector
and also contrels the normally 0'sen S% fitc‘ﬂ
in ‘“ﬂr&lx“ with the n Ja.?;i swi
tcn of the system is ordinary and noi-
mal, the manual resct *Jmt oF i3 not emploved. Ft
is ordinarily cﬂr‘a'“ce to ma ‘se i vithout the
dangar of starting the varisus control

A g ‘Hiu.ht" of S’si al lig 95 are

sired to denots various conditions of the system c.unng op-
e;ahoq and when af rest.

he opemt on of the starting circu
undels ood W descuyixon of the ;ma‘u-w: and s
ing functions of the FIGS. 8 and 9 sy:&cm i g‘vgn.
the present, it shouid be observed that t g i

172 inch des a system starting switch 208 connected in
series with a convenient starting relay R2 across a nor-
mally closed switch R3-1 which is ma 1iguia‘[ed by the re-
lay R3. A normally open contact R2-1 is controlled by
reley R2, the former being connected in parallel with the
system swilch 289. A normally open switch R3-2 is also
connecied in paraliel with the system switch and is manip-
ulated by relay R3. The relay R2 is provided so the op-
erator will not have to hoid thf* system switch 280 closed
until- operation has gotten well under way and for that
reason is a convenie relay. The relay B3 is used to
stop the motor and drum at the home position, as else-
where described,

A plurality of individual tir ‘\CIS Ti, 12
chaded in the group of timers 184 in FIG.
each of these timers is constructed alike
adiusted so that it provides a differen
terval than any of the others. These 1un
veniently adjustable. The construction of only one
will be described, it being understood that the re ::mmdel
are constructed in similar L'&QL}O"I Each conventional
timer includes a clutch sclencid 282, a timer motor 2
a timer stop switching assembly (which may be a relay)
Ti-1 and a drum mot v stariing switch Ti1-2. Timers
T2 and T3 also have their respective d"um ~mwotor start-
ing switches T2-2 a T 3-2 as wn generically by ref-
erence number

These timers are of well known conventional construc-
tion. Each timer resets itseif automatically after it has
run for a discrete time interval. Although one type of
timer construction is shown and described, any kind of
conventional timer may be used as long as it automatically
resets. Preferably, each timer is adjustable for discrete
time intervals over a range, whereby one such discrets
interval is selected for each timer for each program, all
as well known in the art.

376 may b2 g
set of normally closed
connected in parallel with

5 I

uelecm switcl 5 i3

tog

&

‘_.

oo
ner

lectin

switch
b / the
the Iead 188
T Teads 186 an
ing swiich
circuit 17
(FiG. 9) incl
when energized ¢

cte
ng

ma

Ll

72 and the

udes

L

ches

15

-1 whic

As long as oper

a

o

8

7oy

o

o

a

n

p;o

it 172 will be t
c

of
hen a oD
Y

o

ope

oo
pard

o
&2

né
1
Git

2149

18 arg

3

SiiG

o) ner




3,198,967

i3
Operation of the system of FIGS. 8 and 9 (sece also
FIGS. 4 and 5)

Before the system is started, for automatic operation,
the switches 146, 147, 176 and 182 are all moved to the
positions shown. Then the cycle selector switches 159,
154 are moved to engage their respective terminals 152,
156 and the program selector switch 185 is moved to
select the particular program, shown as that controlled
by pin P1 and the switch L1 for purposes of explanation.
Also, the two homing switches F1 and H2 are adjusted
so that H1 is always open when the system is at home and
that H2 is always closed when the system is at home.
The homing pin HP on the drum operates switches H1
and H2 which are conveniently ganged together. The
switches H1 and H2 are shown in their position during
the running portion of the cycle for future convenience.
The system switch 2€0 is closed by the operator, and as
with switches of this nature it very shortly returns to its
open position. Relay R2 is actuated responsive to this
and closes the contacts R2-1. Closing the system switch
also applies power through lead 188 across normally
closed contacts R4-1 to the motor 20 which then moves
out of the home position and thereby closes homing switch
Hi, simultaneously opening switch H2.

Closing of switch Hi completes a circuit to the holding
relay R3 via leads 186, 187. The holding relay then
shuts off the convenience relay R2 by opening contacts
R3-1 and establishes a power supply by closing contacts
R3-2. It is assumed that the switch 158 has been closed
to provide power.

The motor now drives the system until the first pin P1
engages its corresponding switch L1. The drum even
drives past its dead center any predetermined number of
times to allow this to occur. The operation of driving
past dead center is termed skipping and is more readily
understood by reference to FIG. 5 where it is scen that a
circuit is complete to the motor across the switch R4-1
motor runs and while it is off dead center, the dead cen-
as long as switch L1 has not been closed. While the
tering switch 188 is closed. The dead centering switch
only comes open at dead center for reasons best under-
stood by reference to FIG. 4. In FIG. 4, as well as in
FIGS. 1-3, it is to be observed that the timing wheel 111
manipulates the dead centering switch 168 to keep the lat-
ter closed at selected times while the motor is away from
dead center. This is achieved by proper positioning of
the means for actnating dead centering switch, which
means are shown as the notches 112 and 113 in FIG. 4
but may also comprise the lobes of timing cams as de-
scribed with reference to FIGS. 1-3.

The motor drives the drum through the skipping opera-
tion until the first occurring pin P1 closes switch L1, there-
by actuating relay R4 and opening the contacts Ré-1.
Ordinarily this occurs slightly ahead of the dead centering
position, as does opening of the dead centering switch 208
whereby the motor inertia allows motor 20 to coast to
dead center.

Referring now to all FIGS. 5, 8, and 9, when the motor
29 has arrived at its first dead center position the switch
188 is open. There are at this time no circuits com-
pleted from starting circuit 172 to the motor. However,
the timer enabling switch 147 has closed and the pin P3
has closed one of the timer selection switches 186, it being
assumed that the particular switch closed is L3. The
means 184, 189 assume that all other timers are disabled
and cannot run. A circuit is then completed through 1.3
and 187 to timer T1. (See FIGS. 8 and 9, TB 6.) This
starts the timer running at the very instant the motor 20
has stopped at its dead center. Of course, any other
timer selection means such as L4, 1L4-2 and L3-2, or 129
(FIG. 5D, explained below) can start its associated timer
and leave all other timers disabled.

The timer runs for its predetermined time interval and,
as heretofore described, shuts itself off (by opening switch
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Ti-1) and closes switch TE-2 to thereby start the motor
29 again. When the motor moves off dead center, the
timer automatically resets itseif in accordance with its own
internal construction and the motor drives to the next posi-
tion and selects one of the timers, repeating the stepping
operation.

Xf there is no pin in row P1, the switch L1 comes open
if there is no pin in the corresponding row. This allows
the contacts R4-1 to close and thereby a skipping opera-
tion occurs past any predetermined number of dead cen-
ter positions until the next pin occurs to close switch L1
at which time occurs the above described sequence of
dead centering, enabling the timer via the timer selection
switch such as L3 or L4, and then starting the timer via
closing switch 107.

A similar procedure occurs if program selector switch
185 is connected to terminal TB5 whereby pins P2 via
swtiches L2 operate in the fashion described for P1 ard L1.

As previously stated, this procedure assures that the
motor 2§ does not operate while the timer is running and
that the timer cannot start until the motor has reached
dead center. This is because of the cooperation between
the two switches 107, 108 and the fact that the pins on
the drum set up the timer circuits through L1 and L3 to
put the switch 107 in control of the situation while the
motor is dead centering.

As best seen in FIG. 5, at the same time the switch L1
is closed by a pin, relay R1 (FIG. 8) is actuated so that
its various contacts R1-1, R1-2 . . . are closed to com-
plete circuits to the respective contro! function switches
L5,16 . ... Ifapinisarranged on the drum to engage
and close one or more of switches L5, L6 . . . then a
control function is initiated. When there is no pin on the
drum, the control function is terminated. In the embodi-
ment shown, there have to be three pins aligned axially
on the drum to achieve a control function, with certain
exceptions as explained later. The three pins which have
to be aligned are: one of the program switches 11, L.2 (in
this embodiment), one of the timer selection switches 1.3
or L4, and one of the control function switches L5 . . . .
Of course, more than one control function may be ob-
tained at the same time which merely requires aligning
more pins axially in the P5, P6 . . . rows of pins on the
drum.

After the drum has stepped and skipped, as the case
may be, through its complete cycle of contrelling func-
tions, it then must home by bringing the motor to dead
cenfer with the homing pin H engaging the homing
switches to open switch H1 and close switch H2 (see FIGS.
8 and 9). When the motor starts to home there are no
more pins to maintain switch 11 closed and therefore
contacts R4-1 close and drive the motor as with skipping.
When the homing pin engages switch H1, it breaks the
circuit extending from the starting switch to the holding
coil R3 which then returns R3-1 and R3-2 to the posi-
tion shown in FIG. 9, thereby shutting off all power to the
motors. Thus, when the motor drives the drum to home
position, the homing pin serves as a means for stopping
the motor at the predetermined homing position by shut-
ting off all power to the motor.

When the motor has homed, the various switching
connections between the starting circuit 172 and the
motor 28 are in substantially the position shown in
FIG. 5. Observe that when the last pin P1 has passed
and the motor staris its homing function, the relay R1
shuts off all current to the control function switches by
opening the contacts Ri-1 and R1-2. Thus, there are
no controlled functions during homing.

The embodiments of FIGS. 54, 5B, 5C and 5D

These embodiments show variations in the system of
FIG. 5. For convenience those portions of FIG. 5
which remain the same are omitted.

FIGS. 5A, 5B, and 5C are all concerned with means
for interrupting the time interval basis of stepping by
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discrete intervals, The interruptions are of such nature
as to either lengthen or shorten the time intervals in
response to some event in the control cycle other than
time. This event may be the achievement of a predeter-
mined pressure, temperaturs, velocity, weight, or chemical
composition in the system being controlled. Suitable
means such as recorder controllers may be employed in
these embodiments,
FIG. 5D represents a modification of the FIG. 5 means
185 for selecting a timer.

FIGURE 54

The embodiment of FIG. 5A shows that portion of
the circuit of FIG. 5 which has been modified to either
lengthen or shorten the time interval of a dwell pericd
by some control signal other than time. Examples of
such control signals are chemical composition as drawn
from an infra red or ultra violet recorder controller,
flow, velocity, pressure, temperature, to cite a few by way
of example but not limitation.

The modifications in FIG. 5A include elements 250 and
269. Both of these elements represent some control
signal source for closing a switch. The control signal
source may be assumed as a recorder controller or any
other suitable means. )

A means for interrupting the timer operation to
lengthen the time of dwell, that is to increase the length
of time that the drum is held at one particular position,
is indicated by the means 238, Assuming this to be, for
example, a pressure response means, wherein it is desired
to continue a control function until a certain pressure
reaches a predetermined level, the means 258 will close its
switch 282 when that level is reached. Until that time,
the switch 252 is open and therefore, regardless of
whether one or more of the timers has closed its cor-
responding motor starting switch Ti-2, T2-2 . . . the
motor will not start until such time as the switch 252 is
closed.

If it be desired to shorten the length of time respon-
sive to a signal, let us make the same assumptions as
before so that when the pressure reaches a predeter-
mined level the means 268 closes the time delay switch
262, Means 268 and switch 282 are constiucted for mak-
ing rapidly and breaking after a delay. Closure of switch
262 starts the motor 28 and cauvses a stepping operation
as befere. The time delay of means 269 and switch 262
is such that the switch breaks the circuit before the motor
reaches dead center, whereby the dead center switch 108
stops the drum movement.

FIGURE 5B

The modification of FIG. 5B iliustrates a system gen-
erally similar to that of FIG. 5A whereby individual
timer control circuits for starting the motor have their
respective time intervals lengthened in an individual
fashion. This permits one or more time iantervals to be
lengthened in response to respectively different control
signals.

FIG. 5B shows time interval lengthening means such
as switches 2524, 252b, and 252¢, respectively, in series
with a timer controlled motor starting switch Ti-2, T2-2,
and T3-2. Each of the time lengthening switches 252q

. . may be responsive to a different event requiring
engthening of the time interval. Thus, switch 252a
may be responsive to a predetermined pressure while
switch 252b may be responsive to a predetermined weight,
and 252¢ may be responsive to a predetermined tem-
perature. The signal for operating each of switches 2524,
252h and 252¢ may be drawn from sources such as
258, 269 of FIG. 5A.

FIGURES 5C and 5D

FIG. 5C shows an embodiment whereby the interrupt-
ing means con be programmed into the system so that
it is disabled except at predetermined times which are
seiected by the function switches L5, LS . . . described
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with respect to FIG, 8. FiG. 5C is generally like FIG.
5 except for the portion shown which includes the inter-
rupting switch 26Zx and the interruption selector switch
Z84. During operation the drum rotates and closes the
switch 264 whereupon the iaterrupting means 269 can,
upon command, close the switch 282x thereby shortening
the timae interval.

A further modification would include means for select-
ing a time lengthening function which would involve con-
necting a normally ciosed switch in parallel with switch
25% of FIG. 5A. When desired to interrupt the time
basis of stepping, the paralleled switch is opened thereby
putting switch 252 in command. The paralleled switch
is operated by one of the pins on the drum and corre-
sponds with one of the switches L5 ., . .

FiG. 5D shows a modification for sclecting one of the
timers T2, T2 or T3. A comparison with FiG. 5 is in
order at this time, When selecting one of the timers
in FIG. 5, one of the switches L3 or 14 is closed to select
its timer. In doing so a ganged switch L3-2 or 1.4-2
of FIG. 8 opens to disable the third one of the timers.
In this fashion only fwo selector switches L3, L4 have to
be used. Similar arrangements may be employed so
that you have ons less row of pins on the drum fo select
a timer than you have timers. With the embodiment
of FIG. 5 the third timer is selected when there is mo
pin at all present to actuate switches L3 or L4.

In FIG. 5D there has to be a pin on the drum to close
he appropriate one of the switches 13, Lé . . . 128
Hach of the timer selection switches starts its own timer.
¥ith this embodiment the number of timer selection
witches and rows of pins corresponds to the number of
timers vsed.

=4 11 2N
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ntroductory description of non-discrete interval
embodiment (FIGS. 6,7, 8, and 10)

FIG. 6 shows in skeleton detail certain characteristics

of this embodiment. It will be cbserved that the drum,
gear drive, dead centering means, and motor are ar-
ranged in generally the same fashion as described with
reference to FIG, 4. A pulse source 129 provides start-
ing pulses to the drum motor through a pulse source
control switch 122, a start positioning means 124, and
a stepping control and reset means 126. The dead center-
ing switch 168 is in the circuit and continues to serve
as a means for stopping the motor after it has arrived
at its predetermined position, ie. for stopping the motor
after it has moved sufficiently to execute one step of the
drom.  The remainder of the circuit is provided to
enable the drum to start in response to pulses from the
pulse source so that the switch 128 can complete the
circuit through itself from the power supply 192 to the
motor. The means 126 is arranged, as described below
with reference to FIGS. 7, 8, and 10, to reset itself respon-
sive to the ending of a pulse from the pulse source.
Thus, the pulses are long enough on a time base so that
the motor can step once, the resetting taking place after
the motor has stepped.
" Tt will be observed that there is a row of pins P3 ar-
ranged censecutively around the periphsry. The row P1
assures that the circuit through 122 is maintained for the
particular peried of the control program indicated by the
peripheral length of Fi.

In the presently preferred embodiment, the pulse source
contemplates a phirality of light sources 139, 131, A
corresponding plurality of photoelectric cells 132, 133 is
arranged on the other side of a light beam chopping disc
135 which is driven by a dial timing motor 136. The
disc 135 has a plurality of slots 137 arranged therein.
The slots are arranged in annular or circular rows so that
one entire circular row comprises one program. An
elongated homing slot 138 is provided for purposes wh.ich
will be explained with reference to the homing operation
in FIGS. 8 and 10.

Fach disc 135 may include a large number of pro-
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grams, each occupying its own annular ring of slots. As
the disc is rotated, the slots establish a light beam from
the source 138 to the photoelectric cell 132. The beam
continues to exist for a length of time required for the
slot 137 to pass between the light source and photo cell.
This Iength of time should exceed that required for the
motor 20 to step and stop responsive to the dead center-
ing switch 108.

Each disc 135 ordinarily has a large number of pro-
grams stored thereon. Each program occupies its own
annular circular track or path. With the embodiment
shown, transient light from one light source may cause
several of the photoelectric cells to produce pulses simul-
taneously. This occurs in random fashion and, if not
controlled, serves to confuse the system and cause the
drum to be stepped where stepping is not part of the
program set forth in the slots on the disc,

The ganged selector switches 139, 148 serve to elimi-
nate this transient light. Before operation the selector
switches are moved to the positions shown, thereby select-
ing the program indicated by the outermost row of slots
137. This program corresponds to that indicated and
aligned with the pin row Pi. The selector switches turn
on only one light and establishes circuit from only one
photocell to the start positioning means 124. In the em-
bodiment shown, light 13@ and photoelectric cell 132
have been placed in circuit.

Operation is believed to be evident from the foregoing.
Briefly, however, it is to be understood that the selector
switches are first put in position and when the starting sys-
tem is closed, the system moves from its “home” position
to a “zero time” position at which time the drum is syn-
chronized with the first slot on the timing disc. There-
after, operation requires merely rotation of the disc to
intermittently establish light means in some predeter-
mined fashion. Each time a beam is established between
the light source and a cell a pulse is generated which
causes the motor Z0 to move off dead center and to
drive to the next dead center position where it stops in
response to switch 108 breaking the circuit. The light
pulse then stops as the disc interposes itself between the
source 130 and the cell 132, whereupon the reset portion
of means 126 prepares itself to receive the next pulse. It
is to be observed that the time interval for effecting a con-
trol function is realized by the length of time between
the slots 137 and whatever program is selected on the.
disc.

Appropriate circuitry for describing in detail the re-
sponses to the pulses during running, as well as for start-
ing and homing, will be described below with reference
to FIGS. 7, 8 and 10.

Introductory description of the embodiment of FIG. 10

The circuit of FIG. 10 is used in conjunction with the
circuit of FIG. 8, assuming that the various manually
operated switches are set in the positions shown in FIG. 8
and that switch 158 is closed. This allows there to be
four programs stored on the drum or on the disc, or on
both as the case may be, as indicated by the switch ar-
rangement of FIG. 8 and also by there being four light
sources 130, 130", 133, 131" and four photoelectric cells
132, 132’, 133, and 133’ in FiG. 10. As evident by com-
parison of FIGS. 6 and 10, any suitable number of pro-
grams may be provided for in accordance with the num-
ber of lights, cells, annular rings of slots on the disc, and
the like. In the embodiment shown in FIGS. 8 and 9 four
programs are allowed and accordingly the selector switch
185’ of FIG. 10 is provided with four contacts for select-
ing one of the four programs. In the embediment shown,
it is assumed that the program controlled by the master
switch L1 is selected.

Referring now to FIG. 10, a manual function switch
219 is provided and is closed amytime the circuit is to
be placed in operation. A piurality of signal lighis 193,
19¢’, 194 and 195 are provided as desired. Similarly, a
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manually operated reset circuit including the normally
open switch 190 and relay R5 are included, serving the
same purposes as in FIG. 9. The various elements of the
stepping control and automatic reset means 126 (FIG. 6)
are shown as are the portions of the start positioning
means 124. The elements 124 and 126 will presently be
described in detail. A starting circuit 220 receives power
from terminal TB2 and by means of the holding circuit
is used to start and maintain the system in operation until
the starting circuit itself is disabled responsive to the
motor 2§ having driven the drum to a home position.
Although not shown in FIG. 6, a homing motor 222 is
provided so the disc can be rapidly driven to home posi-
tion once a given program has been completed. Thus,
there are two motors, the ordinarily slow operating elec-
tric motor 134 for driving the disc 135 through a pro-
gram and the homing motor 222, all in addition to the
drum motor 28.

A homing light HL and the homing cell HC are pro-
vided for cooperation with the homing slot 138 in the
light chopping disc 135.

A transformer 224 receives power through the starting
circuit 220 and applies to a photoelectric cell amplifier
226 which latter receives signals from a selected cne of
the light cells, amplifies it, and then actuates a relay RL.
Thus, there is provided a means for responding to a beam
of light admitted through one of the slots 137 to thereby
cause the drum motor to step responsive to such light.

The system of FIG. 10 is arranged to cooperate with
FIG. 8 so that a particular program may be selected and
when the system is started, both the drum motor 20 and
the dial timing motor 136 are brought into synchroniza-
tion on a time base so that the drum is positioned in
accordance with the disc 135. More specifically, the sys-
tem is arranged so that the drum motor starts in response
to a beam of light and drives one step to dead center,
after which the beam of lights cuts off and resets the
system for the next operation. The details of this are
described below but attention is now directed to the re-
lay RL and its normally opened contacts RIL—-1. The
starting procedure and the ccoperation of the elements of
FIG. 10 are so arranged that RL-1 starts the motor 20
when a beam of light strikes the light cell 132. Relay RL
also controls two other contacts, normally open swiich
RL3 and normally closed switch RL-2.

Returning for a moment to the starting circuit 229, a
master switch 230 is connected across the power supply
and in series with homing switch H-2. A convenience
relay R-11 responds to closure of the master switch by
actuating the holding relay R-12 which latter is con-
nected in series with homing switch H1. In doing so,
R11 changes the state of normally open contacts R11-1
and R131-2 until the motor is moved on home position
thereby opening contact H-2 to disable relay R11 and
closing switch H1 to thereby enable the holding coil R12
during the course of the entire program and until the
drum has been returned to home. It will be observed
that the reset relay R5 had additional contacts R5-2,
R5-3 and R5-4, the latter two being normally closed.

The power supply to the timing disc motor 136, the
homing disc motor 222 and the pulse source 120 (FIG.
6), 228 (FIG. 10) is independent of the starting circuit.
The homing function of the pulse source is thus inde-
pendent, in a fashion, of the drum.

The starting positioning means 124 as arranged in
FIG. 10 is divided into two portions 124a and 1245,
A pluraiity of parallel connected relays R14, R15, and
R16 are disposed in the means 1244 and connected to
terminal 9 thence to the selector switch 185’ and one
. L4). Relay R14 is
provided to turn on the motor 136 at an appropriate

time and, during homing operation, to turn on the
homing motor 222, by manipulating contacts R14-1 and
R14-2. The timing motor is operated during starting
“and homing and by normally closed contact R14-3,
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Relay R15 manipulates switches R15-1 and R15-2 to
thereby select the scurce of input signals to the pulse
source amplifier 225. Normally open contact R15-1
channels signals from the selector switch 140 while nor-
mally closed contact R15-2 channels signals from the
homing cell in the amplifier. Relay R15 also controls
a portion of the circuit 124a by manipulating switches
R15-3 and R15-4.

Relays R16 and R17 are a push-pull type of relay
which control their contacts so that one is engaged and
one is disengaged and so that it takes two signals applied
first to one relay R16 and then to the other relay R17
to move the contacts out and then return them fo their
initial position. In other words, when the contacts
R17-1 are closed, those at R16-1 are open and vice
versa. Switch contacts R17-1 are closed at home posi-
tion.

The embodiment of FIGS. 6,7, 8 and 10

Broadly speaking, the mode of operation of the em-
bodiment represented by FIGS, 6, 7, 8 and 10 is to cause
the drum motor 29 to step in response to a puise drawn
from the pulse source 120, to stop the stepping opera-
tion in response to the dead centering means 168, and
to reset the stepping control circuit for the next opera-
tion in response to termination of the pulse. In the
disclosed embodiment, the pulse is generated by aligning
one of the slots in the light chopping disc 135 with a
photocell and a light, thereby to actuate said switches.
More specifically, the pulse causes switch RI-1 (Figs.
7 and 10) to close thereby to start the motor 2¢ and
move it off dead center. Termination of the pulse re-
stores switch RL1 as well as the rest of the stepping
control circuit 126 to appropriate positions, thereby re-
setting the means 126.

The starting procedure for this embodiment is ar-
ranged to bring the drum motor and drum into a timed
relationship with the rotating light chopping disc 135.
Also, the entire starting procedure arranges the circuit
so that switch RL1 may operate as just described.

During starting there are two phases: skipping
wherein only the drum motor 290 runs, and the drum is
rotated until the first programming pin P1 engages its
corresponding switch L1 and thereby starts the timing
motor 136, and then a dwell of the drum during which
time the timing motor drives the disc until a first pulse
is produced to thereby start the control functions via
LS, L6 . ... The drum subsequently is stepped re-
spomsive to subsequent pulses. These two phases may
also be described as: moving off home to zero position,
and dwelling until zero time is established by the first
pulse thereby beginning the control of functions. The
latter position is termed the “zero time” position because
that is when the drum motor 28 and the pulse source
(i.e. disc motor 136) are brought into the proper timed
relationship for carrying out the remaining stepping
operation.

A description of the operations of the embodiment
of FIGS. 8 and 10 will facilitate an understanding of
the construction. At the outset, the various manually
operated switches are moved to the positions shown in
FIGS. 8 and 10 and switch 158 is closed to provide
power. Switch 185 selects row P1 and switch L1 as
the program, and switches 139, 149 select the light and
light cell corresponding thereto. Moroever, as best il-
lustrated in FIG. 1, for this embodiment, the row of
pins P1 is arranged with all of the pins positioned ad-
jacent each other and consecutively so that stepping op-
erations during the control cycle are from one adjacent
pin to the next whereby the program switch L1 is main-
tained closed. Moreover, attention is directed to the
ganged switches R16-1 and R17-1 (FIG. 10) which are
adjusted so that the latter is closed at the home position
while the former is open at such position. Two relay
coils Ri6 and R17 are alternately operated to respec-
tively position the switches so that one is open when the
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other is closed. As it turns ouf, Ri6-1 remains closed
during normal operations and R17-1 is open, the respec-
tive positions being reversed at the home position,

There are two home positions involved—one for the
drum 2 and one for the light chopping disc 35. The
disc is driven to its home position by the high speed
moetor 222 which conveniently is mounted on the same
shaft as the synchronous timing motor 136.

Referring first to FIG. 10, the starting circuit 229
has a master switch 230 which starts the operation of
this embediment by being manually closed to thereby
actuate the convenience relay R11 and to close the two
contacts controlled thereby in order to set up the con-
ditions for actuating the starting switch holding coil R12.
Coil R12 is in series with the homing switch H1 across
the power supply and is therefore disabled at the instant
of starting because H1 is open at home.

However, referring to FIG. 7, the motor 20 is moved
away from its home position by reason of a circuit
through normaily closed contacts R14-3. When the
motor is off home, the holding coil R12 is enabled and
changes the position of the contact switches controlied
thereby, thus holding itself in and maintaining a power
supply to the entire system until such time as the cycle
has been completed. In order to do this, the homing
switch H1 closes.

Also, when the motor moves off dead center, switch
108 closes and energizes relay R20 which in turn ener-
gizes relay R21. The contacts of relays R20, R21 have
now changed state from that shown in FIG. 7.

With power now being supplied to the motor and to
the system, the motor 20 starts and drives through a
skipping operation (i.e. moving over dead center) until
the first pin P1 (or P2, P3, P4 according to setting of
selector switch 185’) closes its corresponding switch L1
(122 in FIG. 6). The drum motor 20 now goes through
an initial dead centering operation after which the drum
dwells until it is time to step to the mext succeeding pin
after the disc 135 has furnished the first pulse. Refer-
ring for a moment to FIG. 7, the initial dead centering
operation is carried out by a circuit to the motor through
the normally closed contacts of R19-3 and of R14-3,
the cross coupling lead 235, and a circuit including the
dead centering switch 168 and the now-closed (normally
open) contacts R28-3. Also, relay R21 is actuated by
closure of switch R20-2. The purpose in actuating
relay R21 is to open the circuit through lead 236 to
the coil R28.

With the switches in the circuit of FIGS. 7 and 10 in
the position just described, the motor 2¢ dead centers in
response to opening of the switch 108 because all other
channels for power delivery have been disabled by open-
ing appropriate switches. The channel through switch
R14-3 is opened in response to closure of L1 when the
three positioning relays R14, R15 and R16 are actuated
to change the position of their respective contacts as
shown in FIGS. 7 and 10. Pulse source motor selector
R14 is thus actuated to select motor 136 for the duration
of the cycle, at the same time rejecting the homing motor
222 and the homing light by opening the switch R14-1.
The drum motor control circuit switch Ri4-3 is also
opened at this time so that the dead centering operation
can take place in response only and solely to the dead cen-
tering switch. The pulse source enabling switch control
coil R16 is actoated in response to the closure of L1 and
simultaneously with the motor selecting relay, thereby
turning on the motors by closing switch R16-1 and open-
ing the ganged contact R17-1. The pulse source is now
in operation, the motor 136 driving the disc and power
being delivered to the amplifier 225 through the trans-
former 224.

Simultaneously with operation of relays R4 and R16,
the function and homing setup relay R15 is actuated to
disable the homing setup relay R17 for the remainder of
the control program (i.e. until switch L1 is open). The
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function setup relay also sets up the circuit to the functicn
relay R1 of FIG. 8 by closing switch R15-2 to thereby
set up a circuit to the zero time setup relay R18, the latter
remaining de-energized until the first light pulse com-
pletes a circuit by closure of light relay R1L-3.

Responsive to the closure of Ri8-1, a circuit through
lead 238 is completed to relay R1 (FIG. 8) thereby caus-
ing the function switches RI1-1, R1-2 . . . to close.
Any pins axially aligned with P1 on the drum may now
close their respective switches 1.5, L6 . . . to actuate
the function control means designated generically for
convenience as solenoids 159, 168.

In review, during startup the drum drives to the first
pin in the selected row at which point the pulse source is
started in operation by turning on the motor 136 and by
actuating the function relay R1. The drum dwells in this
position until the first pulse, causing certain switching
operations, is sent into the system responsive to aligning
a light 130, a cell 132 and a slot in the disc, as is shown
in FIG. 6. During the dead centering operation or start
up, the two reset relays R20 and R21 are actuated there-
by changing the position of all of their contacts and in
particular closing contact RZ0-3 and R20-4. Relays
R20, 21 are reset responsive to the first light pulse. The
relay R20 memorizes the fact that the drum motor is off
dead center while the relay R21 responds to the disap-
pearance of a pulse to disable R26 and thereby reset the
circuit of FIG. 7 for a next succeeding pulse, in a fashion
to now be described.

Up to this time there has been no pulse sent into the
system. The first pulse is utilized to arrive at the zero
time by starting the control function and by resetting the
circuit 126 for the next succeeding pulse. Means 1245,
particularly relay coil R19, memorizes the first (zero
time) light pulse. There has been no control function
carried out because no circuit to the function relay R1
via lead 238 has been completed—this requiring closure
of either switch RL3 or switch R18-1. The pulses are of
long enough time duration that the motor 28 has an oppor-
tunity to drive to its next succeeding dead center position,
that is, to move the drum one stepping increment, at
which time or later the pulse ends and thereby resets the
circuit means 126 as will shortly be described.

With the appearance of the first pulse, the light relay
RL changes the sense of its three contacts to close both
RL-1 (in circuit 126—see FIG. 7) and RL-3 and at the
same time to open contact RL-2. Closure of RL-3
actuates relay R18 and causes it to close both of its
switches R18-1 (thereby holding itself in position) and
R18-2 (thereby setting up relay R19). Relay R19 does
not actuate this time because both of the switches capable
of energizing it (R19-1 and RIL-2) are open: actuation
and pulse memorization occurs when the first pulse ends
and R12 closes. However, relay R19 does serve to
memorize, for the duration of the program correspond-
ing to row P1, the fact that there has been a complete first
pulse and since this pulse is the zero time of the system,
it does allow energization of relay R1 responseive to the
closure of switch RL~3 which is connected by lead 238 to
R1. When the first pulse of light disappears the light
relay RL switches all return to the positions shown in
FIG. 10 and in response to this, there now being a circuit
through R1L-2, relay R19 is energized.

Function relay R1 of FIG. 8 is energized via RL-3
and RL15-2 (now closed) in response to the appearance
of the first pulse. This starts the control functions for
those having pins P5, P§ . . . axially aligned with P1
on the drum. Relay R1 remains energized due to con-
tacts R18-1 creating a self-holding circuit for coil R18
and also to lead 238.

Responsive to the energization of relay R19, all of its
contacts change sense so that R19-3 (FIGS. 10 and 7)
is opened and switches R19-1 and R19-2 are closed.
Closure of R19-1 maintains relay R19 in an energized
position so that it has the effect of memorizing the first
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pulse of light, i.e. of memorizing arrival at zero time for
starting the control cycle. In review, the first pulse of
light energizes relay R1 and permits the function switches
to energize selected functions while at the same time
closing the switch R19-2 and opening R19-3. Operation
of the latter two, as best seen in FIG. 7, serves to set (and
reset) the system of FIG. 7 for sequential steps of opera-
tion. A channel to start the drum motor 20 has now
been created which is responsive only to the pulses ap-
pearing to cause closure of the light relay switch RLI.
This channel as best seen in FIG. 7 extends from the
starting switch through the now-closed contact R19-2,
the now open contact RL-1, the lead 235, the now closed
contacts R20-4, thence to the motor 20.

The contacts R20-4 have been returned to their closed
position by deenergization of relays R28 and R21 when
the pulse terminates thereby opening the switch RL1
which shuts off power to relays R20 and R21.

With the system now at zero time and the first pulse
having been memorized by relay R19, the entire system
remains in position until the next pulse is created. The
drum remains stationary during this time but the motor
136 continues to drive the disc thereby to present the next
succeeding slot and generate the required pulse. When
this pulse appears, the switch RL~1 is closed and com-
pletes a circuit from the starting switch to the motor
via a bypass around the dead centering switch 108. The
bypass is through the lead 235 and normally closed con-
tacts R20-4. When the motor moves off dead center
position, the dead centering switch 168 is closed and
thereby causes the relays R20 and R21 to energize in
sequence. This breaks the circuit through switch R20-4
but simultaneously establishes a circuit through switch
R20-3. The motor continues to drive until it arrives at
dead center whereupon switch 168 comes open and the
motor stops. As previously explained, the pins on the
drum are arranged in a solid row (see FIG. 6) so that
the switch L1 remains closed. However, new functions
are initiated as far as the control system is concerned by
the particular arrangement of pins in the other rows to
energize function switches such as L5, L6 . ... The
pulse has a time duration sufficient to allow the motor to
step to dead center as just described. This is achieved
by providing the slots 137 with sufficient peripheral length
so that the pulse is sustained despite the fact that the
motor 136 continues to run throughout the cycle. After
dead centering, the light slot 137 moves out of the beam,
cuts off the light, and thereby the pulse terminates.

When the pulse terminates, the motor control system
of FIG. 7 resets itself. Resetting is necessary because
the dead centering switch has energized relays 26 and 21
which remained in that condition as long as the switch
RLZ was closed. Thus, termination of the pulse changes
the light relay RL and causes the switch RL1 to come
open thus deenergizing the relay 20 and 21 and thereby
resetting the system of FIG. 7.

During a control cycle, the above running procedure
continues by providing pulses to start the motor by closing
switch RL—1, stopping the drum motor responsive to the
dead centering switch 108, and then resetting the system
of FIG. 7 by opening switch RL-1 responsive to the
termination of the pulse. This allows the drum motor
to start in response to the beginning of a pulse, to stop
responsive to driving to its next step, and then for the
system to reset itself responsive to termination of the
pulse. In accomplishing this, a bypass around the dead
centering switch is provided so that the motor can jog
off dead center.

After completing the cycle of operations, both the
drum 28 and the light chopping disc must be brought to
their appropriate and respective home positions. To
accomplish this it is desired to turn on the high speed
homing motor 222 and to cause the drum motor to drive
so that it moves past any successive number of dead
center positions until both the drum and the disc 135



have been brought to their respective home positions, at
which time the holding coil R12 is deenergized and the
entire system returns to the state shown in FIGS. 8 and
10. The drom metor 28 and the holding motor 232 are
almost independent of each other in driving to their re-
spective home positions. However, the homing opera-
tion is initiated when the timing motor 136 moves its last
slot 137 into light beam-establishing position to cause
the motor 20 to begin a step as heretofore described.

" When the last slot 137 has created a pulse, the drum
motor moves off dead center and in doing so moves the
last pin in the row out from under switch L1 so that the
latter comes open. Opening of switch L1 deenergizes
relays 14, 15 and 16.

Responsive to deenergization of relay 14, the switches
R14-1 and R14-2 are returned to the position shown in
FIG. 10 and thereby shut off the timing motor 136 and
turn on the homing motor 222 and its corresponding light
HL.

No immediate response is made when relay R16 is de-
energized because of its coupling to relay R17. This par-
ticular combination involves two ganged switches R16-1
and R17-1 and two opposite acting coils R16 and R17.
When one of the coils has moved the switch to a given
position, the switches remain in that position regardless
of the energy state of said one coil. The only way the
contact switches are moved to another position is by en-
ergizing the second of the two coils. In view of this, the
switch R16-1 remains closed and connects the homing
motor 222 to the power supply by means of lead 240.
This connection is independent of the starting switch
220 whereby the homing motor may continue to drive
to its respective homing position independently of wheth-
er or not the drum motor has reached its home position.

Deenergization of relay 15 responsive to opening switch
L1 stops all functions because relay R1 is deenergized
Tesponsive to opening of contact R15-2. At the same
time relay 15 sets up relay 17 for energization by returning
contacts R15-1 to the closed position.

Responsive to the opening of contact R15-2, the relay
R18 is also deenergized in response to which relay 19
is deenergized when contacts R18-2 are returned to their
normally open position.

Referring for a moment to FIG. 7 for convenience, the
switch contacts R19-2 and -3 are returned respectively
to their normally open and normally closed positions
(shown) when relay 19 is deenergized. This resets the
system for the next cycle of operation.

Still referring to FIG. 7, the deenergization of relay
14 closes contacts R14-3 and thereby supplies a sustain-
ing voltage to the drum motor 20, which permits the
latter to drive home. When the drum motor 28 reaches
home it deenergizes itself by opening homing switch H1
thereby shutting off all power because the holding coil
R12 is deenergized. The drum motor has now arrived
at home and in doing so has reset the homing switches
H1 and H2 at their respective open and closed positions
at home.

While the drum motor is driving to its home position, the
pulse source is doing the same, being driven by the hom-
ing motor 222 until the home slot 138 establishes a final
home pulse. When this final home pulse is established,
the light relay RL closes the contacts RL-3 and completes
a circuit to energize relay R17 which causes the contacts
R17-1 to close (thus resetting the system for the next
operation) and simultaneously opens the switch R16-1
to shut off the homing motor and the homing light, there-
by deenergizing the light relay and returning all light
relay switches and contacts to the starting position.

The home slot 138 is spaced angularly from the last
program slot 137 in each of the programs on the disc
135, The angular spacing is such that the drum motor
20 has time to drive to its home before the home slot es-
tablishes the home pulse. As seen, the home pulse sets
up the system for the next starting operation.
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FIGURES 11, 12 and 13

The basic structural features for enabling easy removal
of the drum so that drums can be interchanged to provide
different programs is illustrated in FIGS. 11-13. A cabi-
net generically denoted as 6 provides a pair of spaced
apart bracket supports 34, 35 each of which has its re-
spective offset bifurcated end 36, 37. FEach of the ends
36, 37 preferably has an internal shape like a U laying
on its side to thereby engage a matingly shaped drum
positioning ring 64 which is secured to the shaft 56 and
spaced from the drum by the washers 75, all as described
in detail with respect to FIG. 3. The offset of the ends
is sufficient to receive the rings 64 while avoiding inter-
ference with the drum (see FIG. 3).

Referring for a moment to FIG. 11, the left hand ring
642 may have a partly cylindrical or spherical portion
64D likewise engaging a mating portion on the bracket
end 36 in order that the drum may be swung about its
pivot shaft 38 in order to move it to a position suitable
for removing and/or replacing the drum. The pivot pin
38 is preferably arranged vertically (FIGS. 12 and 13)
with its central longitudinal axis coinciding with the axis
of the spherical (or at least partially cylindrical) surface
64b. The pivot pin 38 may comprise any suitable pivoting
means and may be secured to one of the ends 36 or the
ring 64a and revolvably connected to the other of the
ring or end whereby pivotal rotation as indicated by
FIGS. 11 and 12 may be achieved.

A securing means 39 which may comprise a set screw,
a spring biased detent, a drift pin, or the like is provided
to the right hand of the bracket ends 37 in order to secure
the corresponding end of the shaft and the ring 64 in
place. The member 39 removably or detachably engages
the ring 64, which engagement is broken when the drum
is moved to the position shown in FIG. 13.

I claim:

1. A stepping switch timer for stepping through a cycle
of electrical events in steps each of a discrete time interval
and for selecting one discrete interval from a plurality of
such intervals for each step and comprising

a plurality of timing means, each such means for op-
erating for a predetermined time interval and for
resetting itself for its own time interval at the end
of each time interval of operation thereof;

a movable memory device having switch actuating
means as part thereof;

drive means for driving said memory device;

a first switching means engaged by said switch actuating
means for selecting and starting one of said timing
means and for disabling all other of said plurality
of timing means in response to engagement by said
switch actuating means;

a second switching means responsive to said first switch-
ing means for stopping said drive means simultane-
ously with the starting of the one timing means by
said first switching means and for starting said drive
means after said one timing means has operated for
its preselected discrete time interval;

and a third switching means engageable by said switch
actuating means, for controlling a predetermined
event in a process for the time interval of said one
timing means responsive to said first switching means
whereby said memory device is stepped from one
position to another in sequence with preselected dis-
crete time intervals between steps, the motor being
turned on for respective steps and being turned off
during the intervals between.

2. A stepping swifch according to claim 1 wherein said

first switching means comprises

a normally open program switch aligned with a selected
portion of said switch actuating means and connected
in series with all of said timing means;

a first plurality of normally open timer selection
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switches connected in series with said program
switch;

a second plurality of normally closed timer selection
switches all connected in series with each other and
each ganged to a corresponding switch in said first
plurality;

means for connecting said second plurality of timer
switches in series with said program switch;

first connection means for connecting one of said
plurality of timing means in series with said second
plurality of selection switches, and

second connection means for connecting in parallel
with said first connecting means each of the remain-
ing timing means in series with a corresponding
one of said first plurality of selection switches

whereby the switch actuating means of said memory
device enables all of said timing means by closing
said program switch and similarly selects one of said
timing means either by closing one of said first plu-
rality of selection switches or by leaving all of said
second plurality of selection switches open, the re-
maining timing means all being disabled by leaving
open a selection switch in series therewith.

3. A stepping switch according to claim 1 wherein

said first switching means comprises

a normally open program switch aligned with a selected
portion of said switch actuating means of said
memory device, and

a plurality of time selection switches each correspond-
ing to one of said plurality of timers,

all of said timer selection switches being connected
in series with said program switch,

at least a portion of said timer selection switches being
connected in parallel with each other and aligned

with a selected portion of said switch actuating 2

means of said memory device,

whereby driving said memory device closes said pro-
gram switch to enable all said timer selection switches
and selects one timer by manipulating said timer
selection switches.

4. A stepping switch according to claim 3 wherein all

of said timer selection switches are connected in parallel.

5. A stepping switch for stepping through a cycle of

electrical events in steps each of a discrete time interval
and for selecting for each step one discrete interval from a
plurality of such intervals, and comprising in combination

a plurality of timing means, each for operating for a
different predetermined discrete time interval and for
resetting itself for its own discrete time interval at
the end of each discrete time interval of operation
thereof;

a revolvable electric motor;

a starting switch for said motor;

circuit means for connecting said starting switch to
said motor;

motor control switching means connected in said circuit
means for providing a plurality of electrical paths
therethrough, each of said paths being selectively
opened and closed in accordance with a predeter-
mined program encoded on the hereinafter defined
memory device;

a timer selection means for selecting one of said plu-
rality of timing means and for disabling the remainder
of said plurality in accordance with a predetermined
program on the next-said memory device;

a memory device driven by said motor and having a
part thereof a means for defining said predetermined
program

including a programming means for enabling all of
said timing means responsive to movement of said
memory device to a predetermined position by said
motor,

said memory device means for defining also including
means for engaging and operating said timer selec-
tion means in accordance with said program respon-
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sive to said memory device being driven by said motor
to such predetermined position;

said motor control means having a means for disabling
one of said plurality of paths in response to said
programming means arriving at said predetermined
position;

said motor control means further including a means
for keeping selected one of said paths, each selected
path corresponding respectively to one of said timers,
disabled during the discrete time interval of opera-
tion of its respective timer and to enable completion
of a circuit through said path in response to the
respective timer having run for its time interval,
thereby to start said motor;

a first dead centering means for keeping said timing
means disabled until said motor reaches a predeter-
mined position and for starting the timing means
selected by said selection means responsive to said
motor arriving at a predetermined motor position;
and

second dead centering means for maintaining a path
through said switching means between said motor
and said starting switch whenever said motor is not
in said predetermined motor position, and for open-
ing such path when said motor is in position, said
motor control means including said second dead
center means,

all the above-recited plurality of paths to said motor
being disabled during the discrete time interval that
the selected one of said timing means is running,
timing means selected to run not starting until until
the motor arrives at dead center.

6. A stepping switch in accordance with claim § and
further including in said motor control means an inter-
rupting means for shortening said discrete time interval
and connecting said motor to said starting switch respon-
sive to a parameter other than time.

7. A stepping switch in accordance with claim 5 and
further including in said motor control means an inter-
rupting means for lengthening said discrete time interval
by disabling all of said timer-responsive switches until
a predetermined event in response to which event all
of said timer switches are enabled.

8. A stepping switch in accordance with claim S and
further including in said motor control means an inter-
rupting means for shortening said time interval and con-
necting said motor to said starting switch responsive to
a parameter other than time, and

means for lengthening said time interval by disabling
all of said timer-responsive switches until a predeter-
mined event in response to which event all of said
timer switches are enabled.

9. A stepping switch in accordance with claim 5 where-
in said starting switch includes a holding means for main-
taining a connection between the rest of the circuit and
a power source, said stepping switch further including a
homing means responsive to a single position on said
memory device for breaking said holding means con-
nection.

16. A stepping switch in accordance with claim 5 and
further including a means for lengthening the time in-
terval of at least one of said timers responsive to an
event other than time by maintaining disabled the means
for keeping in said motor control means until such event
occurs.

1. A stepping switch for stepping through a cycle of
electrical events in steps each of a discrete time interval
and for selecting one discrete interval from a plurality
of such intervals for selected steps and comprising

a plurality of timing means, each timing means for
operating a different predetermined discrete time in-
terval and, after operating, for resetting itseif for its
own discrete time interval;

a revolvable electric motor;
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a movable memory device having an array of switch
actuating means supported thereon to define at least
one predetermined program of events;

means connected between said motor and said memory
for driving said memory responsive to rotation of
said motor;

a starting switch means for connecting said motor to
an electrical power source;

a timer enabling and selection circuit that includes—

a program means for enabling all of said timing means
in a predetermined sequence responsive to first pre-
selected ones of said switch actuating means engag-
ing said program means when said memory device is
moved to one in a succession of predetermined posi-
tions,

timer selecting means for selecting one of said timers
and for disabling the remaining timers responsive:
to engagement of said timer selecting means by sec-
ond selected ones of said switch actuating means,
to enablement by said program means, and to en-
ablement by the next-said first dead center means,
and

first dead center means for preventing said timing
means from operating until said motor arrives at a
predetermined motor position;

and a motor control switching circuit means connected
between said starting switch means and said motor
for turping said motor on and off by making and
breaking the circuit therebetween and further in-
cluding—

means for breaking a normally maintained circuit be-
tween said motor and said starting switch responsive
to said program means, and

a plurality of timer-operated motor control means, each
corresponding to a selected one of said timers, each
for breaking a circuit to said motor during the time
interval of its respective timer and for making a
circuit to said motor at the end of said time inter-
val, and

a second dead center means for operating in uniscn
with said first dead center means to drive said motor
to said predetermined motor position by maintain-
ing a circuit to said motor and then disabling the
last said circuit responsive to the achievement by
said motor of said motor position,

whereby a stepping action is obtained by alternately
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operating said motor and a selected ome of said
timers.
12, A stepping switch for stepping through a cycle of

electrical events in steps each of a discrete time interval
and for selecting one discrete time interval from a plu-
rality in accordance with a predetermined program, said
stepping switch comprising

a plurality of timing means, each timing means for op-
erating for a different predetermined discrete time
interval and for, after operating, resetting itself;

an electric motor;

means for connection between said motor and said plu-
rality of timing means for selecting any one of
said timing means and disabling all the remaining
timing means responsive to being moved to one of
a predetermined sequence of positions by said motor;

means for starting said motor responsive to the one
selected timing means having run for its respective
discrete time interval;

dead centering means for continuing motor operation
until the motor arrives at a predetermined motor
position;

means operating in unison with the last said means to
start the one timing means selected responsive to
said motor arriving at said predetermined mator
position and for preventing any timing means from
operating until said motor has arrived at said pre-
determined motor position.
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