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The present invention relates to brogrammed appa-
ratus, of the type having flexible controls means that is
adapted to receive changed instruction periodically for
executing complex Sequences of motions and where each
new set of instructions produces 3 new sequence of mo-
tions.  Apparatus of this kind includes work device which
may be an article gripper, and ordinarily has a number
of actuators capable of operating the work device in multi-
ple degrees of freedom through a complex pattern of
movement under program control. As may be required
from time to time, a new program is established for oper-
ating the work device through a new pattern of move-
ments,

Programmed apparatus of this character is disclosed,
for example, in my application Serial No. 321,644 filed
Nov. 5, 1963 entitled “Programmed Apparatus,” in my ap-
plication Serial No. 226,203 filed Sept. 26, 1962 entitled
“Programmed Article Handling” and in my Patent No.
2,988,237 issued June 13, 1961 entitled *‘Programmed
Article Transfer.” Such apparatus is not only character-
ized by its capability of carrying out an elaborate sequence
of motions, but also by its flexibility in being readily
a'dapted by new program instructions to carry out new as-
signments,

The programmed apparatus in the present invention
may be an article handling unit having a gripper, pro-
grammed for loading articles side-by-side in successive
fows on a pallet. Conversely, the article handling unit
may be programmed to unload the pallet by directing
an article gripper to move to one location on the pallet,
to grip an article, to deliver it to a receiver, and to move
to the mext article location on the pallet, repeating the
sequence until unloading is complete and resuming the
sequence when another pallet of articles is to be processed.
The work device may also be a spot-welder and the pro-
gram may involve coaction of the resistance-welding elec-
trodes with large sheet-meta] articles, in applying the elec-
trodes at a series of locations in succession. The se-
quence’ is repeated automatically on succeeding articles
presented to it. Similarly, the work device may be a
paint-sprayer, or an automatic nut-applier moved about
by the programmed apparatus to a sequence of threaded
studs on an automobile motor block during assembly
operations.

An object of the present invention is to adapt such
apparatus to coaction with a conveyor such as a belt
conveyor or a rotating-disc article carrier or the like.
The program of motion of the work device is one that is
identified with the work to be performed, but the object
on which the work is performed is here carried by a con-
veyor past the programmed apparatus. A feature of the
invention involves the coordinated transport of the pro-
grammed apparatus so as to femain in step with the
advancing object carried by the conveyor and the syn-
chronization of program initiation with each new object
presented by the conveyor. The programmed apparatus
moves bodily along with the conveyor as the program is
carried out. At the completion of each program, the
programmed apparatus is transported in the opposite di-
Tection to a starting position and the program is restored
to its start, in preparation for a renewed cycle of oper-
ations on the next object advanced by the conveyor into
range of the programmed apparatus. In this aspect of
the invention, drive means in different forms is provided
and is equipped with coordinating control means for
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moving the programmed apparatus in step with the carrier
of conveyor. As a further feature, coordinated drive
means is additionally provided for shifting the pro-
grammed apparatus laterally into predetermined position
relative to each new object carried by the conveyor and
maintaining that relative position during the program
sequence. At the completion of the program, the pro-
grammed apparatus is withdrawn laterally, as it is also
driven in reverse along the conveyor to a starting position.

Further objects of the invention relate to features of
program control, and to devices for effecting strokes or
motions of an actuator under combinational-record pro-
gram control with a high degree of accuracy but without
resort to excessively costly code-conversion or translating
mechanism. In a novel feature of program control, the
present invention provides a control record that is in
condition to be sensed during the time that a previously

- semsed instruction is being carried out; momentarily ‘the
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new instruction is consulted and stored; and the control
record advances into position to provide the subsequent
instruction while the stored instruction is being carried
out.

The novel converting means that responds to the com-
binational-code control, in accomplishing a detailed ob-
ject of the invention, includes a column of devices each
of which can be extended or it can contract, selectively.
The displacement of each device in the column is deter-
mined by the difference in thickness of a thin element
and a thick element that are laterally opposite one an-
other where both the thin and the thick elements are
confined between parallel surfaces: the clearance pro-
vided by the thickness difference determines the stroke of
the device, between its contracted and its extended posi-
tions. The cumulative effect of the stack of selectively
contracted or extended devices provides the mechanical
control output in response to the combinational code
input.

‘The foregoing and other objects and novel features of
the invention will be appreciated from the following
detailed description of various embodiments shown in
the accompanying drawings that form part of this
disclosure.

In the drawings:

FIGURE 1 is a plan view in diagrammatic form of
a presently preferred embodiment of the invention;

FIGURE 2 is an enlarged elevation, partly in cross-
section, of a portion of the embodiment of FIG. 1;

FIGURE 3 is a wiring diagram of the embodiment in
FiG. 1;

FIGURE 4 is a lateral view of an element in FIG, 3
shown partly in cross-section and drawn to larger scale;

FIGURE 5 is the plan view of a modified portion of
the embodiment in FIGS. 1-3, inclusive; and

FIGURE 6 is a further modification of a portion of
the embodiment of FIGS. 1-3;

FIGURES 7-9 relate to a further embodiment of the
invention, utilizing the control modification of FIG. 6 in
the apparatus of FIGS. 1-4, and in this embodiment:

FIGURE 7 is a transverse elevation, partly in cross-
section, of the coordinated apparatus;

FIGURE 8 is a plan view of the embodiment in FIG.
7; and

FIGURE 9 is a wiring diagram of so much of this
embodiment that differs from the control apparatus in
FIG. 3.

Referring now to the drawings and particularly to FIG-
URES 1 and 2, a main conveyor 9 is shown adjacent to
a programmed work device 12, the latter being supported
by wheels (not shown) that ride along track 14. A pair
of chains 16 are looped about respective pairs of sprockets,
one pair of sprockets being driven by shaft 18 and motor
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20. The base of apparatus 12 is secured to chains 16

so as to move with those chains. Motor 20 operates first

in one direction and then in the opposite direction for
propelling unit 12 first to the right and then to the left,
alternately along and opposite to the direction of travel
of conveyor 18. In this illustration, conveyor 10 is as-
sumed to move from left to right as indicated by the
arrow, and at a substantially constant speed. At the left-
hand limit of the travel of unit 12, there is a spring
bumper 22, and at the right-hand end of the travel of
unit 12, there is another spring bumper 24.

As illustrated in FIGURE 1, a workpiece A is disposed
on conveyor 10. The working end 26 of the apparatus
12 is programmed to cooperate with successive portions
of workpiece A. The conveyor 10 has a rod 28 that
projects laterally from it, for cooperating with apparatus
12 in achieving synchronized left-to-right travel of appa-
ratus 12. By virtue of this synchronism, an established
program of operation of work unit 26 can be carried out.
This program of operation is commenced when apparatus
12 is in its left-hand extreme position and the program of
operation is completed before the apparatus reaches its
right-hand extreme position. For example, the work-
piece A may be a cylinder block of an automobile engine
from which there projects a number of threaded studs,
and work unit 26 may be an automatic tool for applying
nuts to the studs projecting from block A, in rapid auto-
matic sequence. In another subsequent application of
the same programmed apparatus, work unit 26 may be a
paint-sprayer, and later it may be an article gripper in
still another use of the same physical apparatus.

As seen in FIGURES 1 and 2, apparatus 12 is secured
to chain 16 and has mounted thereon a switch 38 whose
operating lever 32 is disposed in the path of bar 28 of
conveyor 10. Further, chain 16 includes a pusher mem-
ber 34. With the parts as illustrated in FIGURE 2,
at the start of a program of operations, pusher member
34 is below the path of travel of bar 28, and switch-actuat-
ing arm 32 is in the path of bar 28.

When the apparatus is in operation, bar 28 on con-
veyor 18 advances against switch lever 32 and operates
switch 30. This starts the programmed operation of
apparatus 12, and this also starts a coordinated forward
motion and automatc return motion of apparatus 12.
After switch 30 is operated, there is a time interval during
which motor 20 operates chains 16 and propels unit 12
forward with the conveyor, to the right as viewed in FIG-
URE 1. Subsequently, the motor is reversed and unit
12 is transported toward the left by driven chains 16.
During the forward travel, the work unit 26 is put through
a programmed sequence of operations on article A. The
program is just the same as if both the article and the
base of the programmed apparatus were stationary.

Pusher member 34 projects from chain 16 sufficiently
so that, when chain 16 once commences to advance,
pusher member 34 can catch up with bar 28 of conveyor
10. After pusher member 34 engages bar 28, the drive
motor 20 is slowed down by bar 28 and the motor is
effective to keep pusher member 34 pressed firmly against
bar 28. As a result, apparatus 12 moves in strict syn-
chronism with belt 10 and at a very accurately determined
position relative to the workpiece A. Presumably the
workpiece remains accurately located relative to conveyor
10. Another switch lever 3§ carried by apparatus 12
cooperates with a stationary stop 38 at the completion of
the leftward movement of apparatus 12. A similar switch
member 142 (FIGURE 3) cooperates with a correspend-
ing stop at the right-hand limit of the travel of unit 12
as a safety stop for insuring interruption of the forward
travel.

Referring now to FIGURE 3, it will be seen that the
work unit 26 is carried by a radially extendable arm that
includes shafi 40 and hydraulic actnator 42. Hydraulic
lines 44 and 46 extend to actuator 42 from master valve
48, This valve includes a spool 48b within body 48a,
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spool 48b being biased to the left by spring 48¢ and hav-
ing a shaft 484 extending therefrom.

A spring-tensioned cable 50 extends from shaft 490
around a large-diameter portion of a pulley 52 and an-
other spring-tensioned cable 54 extends around a small-
diameter portion of pulley 52 to valve body 48a. Hy-
draulic fluid under pressure is admitted to valve 48 at
its center by line 56 and low-pressure return fluid is
delivered from the ends of body 48a by dump lines 58.
When spool 48b is centered, it delivers either no fluid
or fluid under balanced pressure (depending upon the
design of the valve) to lines 44 and 46. When spool
48b is displaced to the left or to the right relative to
body 48a, then hydraulic fluid under pressure travels
from line 56 to one of the lines 44 and 46 and fluid is
returned from actuator 42 via the other line 44 or 46
through the master valve to one of the dump lines 58.
The pressure differential developed in actuator 42 causes
displacement of shaft 40; and as this takes place, pulley
52 is rotated by cable 59; and, in turn, pulley 52 operates
cable 54 to displace body 48a. In some discrete time
interval, operation of actuator 42 displaces valve body
48a until the body is centered relative to the spool 48b.
Shaft 40 then has reached a position corresponding to the
set position of spool 48b.

Shaft 484 is adjustably positioned by a digital setting
device 60, under program control. As a practical matter
(although not in any way critical) pulley 52, master valve
48, and digital setting means 60 are all carried by actu-
ator 42, valve body 48 having a suitable slide mounting.
By the foregoing control means, the position of work
unit 28, radially of program-controlled apparatus 12
(FIGURE 1) can be varied to successively different radial
positions, this representing one degree of freedom of
which the apparatus is capable. A rotational actuator
62 (FIGURE 1) is provided with like programmed-con-
trolled actuating means for causing arm 42 to sweep about
a vertical axis, and other programmed degrees of freedom
as required are included in apparatus 12, as for lifting
and lowering arm 42 and thereby adjusting the vertical
position of work unit 26. Correspondingly, program
controlled mechanism for providing a twist of motion of
shaft 44 and for providing a “wrist” bend of the work
head 26 are not specifically illustrated although they are
contemplated parts of the programmed apparatus that
may be used in practicing the invention, in accordance
with the particular circumstances to which the invention
is applied.

Digital control device 68 is shown in detail in FIG-
URE 4. This device includes an outside casing or sup-
port 62 which is nominally stationary and an output
shaft 64 that is projected to varying degrees depending
upon the digital information that is supplied. Inside
case 62 there are a number of electromagnets each hav-
ing a winding 664, a core or pole structure 665, and an
armature 66c. Each of these electromagnets has three
rings associated with it, namely, rings 68, 78 and 72, and
a disc 74. Rings 68, 70 and 72 are fixed to each other
and, in turn, fixed to core 66b. Disc 74 is fixed to the
core 66b of the next succeeding electromagnet in casing
62. All of the discs 74 are of identical thickness, ground
to a close tolerance. The surfaces of rings 68, 7¢ and 72
which confront each other and which confront disc 74 are
also ground flat, accurately. All of the discs 74 are of
identical thickness, 0.100 inch, for example. Rings 70
are of progressively increasing thickness.  Ring 78(1)
associated with the first electromagnet 66 is 0.1005 inch
and ring 70(2) associated with the second electromagnet
is 0.1010 dinch thick. Disc 74(1) has a clearance of
0.005 inch between its rings 68 and 72, disc 74(2) is in
a space between its rings 68 and 72 of 0.0010 inch, and
so forth. Each disc 74 is in a clearance space established °
by the associated ring 70. Each ring 7¢ of the series
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establishes twice the clearance space of the disc and ring
that precedes it in the series. The successive rings 63
have lateral extensions at a number of peripheral points
(only one such extension 684 being shown for the first
two electromagnets) and springs 75 are provided for
biasing the successive discs 68 away from each other.

The various electromagnets and rings -described are
slidably received in case 62. Springs 75 bias rings 68
away from each other and thus act to extend the column
of electromagnets and to push shaft 64 outward to the
right, to its maximum extent. Each electromagnet, when
energized, draws its armature 66¢ inward and pulls its as-
sociated disc 74 against its ring 68, thereby compressing
its associated spring 75. In the examples of the dimen-
sions given above, when the first electromagnet is ener-
gized, its disc 74(1) moves to the left 0.0005 inch. It
carries the second electromagnet bodily with it and it also
carries all other in the column bodily, deflecting shaft
64 to the same extent, to the left. When the second elec-
tromagnet 66 is energized, its disc 74 moves 0.0010 inch
to the left. The third electromagnet when energized
moves its disc 0.0020 inch to the left, and so forth, each
successive electromagnet producing twice the deflection
of the previous one. Further, the dimensional displace-
ment produced by each electromagnet is added to those
of all the other electromagnets and the cumulative dis-
placement of all of the electromagnets is represented by
a shift of rod 64 to the left. Accordingiy, rod 64 is re-
tracted to an extent that corresponds to the particular
combination of electromagnets energized.

The construction described is readily manufactured
and duplicated with a high order of accuracy, but is none-
theless relatively inexpensive to produce. Since the
thickness of each disc 74 is the same as that of all the
others, these can readily be duplicated. The stroke of
each disc 74 is accurately determined by the thickness of
its associated ring 79 which, like ring 74, is relatively
easy to manufacture to the required dimension. As a re-
sult, the displacement of rod 64 is achieved with a high
order of accuracy and to an extent that depends upon
the combination of the displacements of the respective
energized and nonenergized electromagnets in the stack
of electromagnets associated with rod 64. ,

Returning now to FIGURE 3, it will be seen that the
Tespective electromagnets within digital displacement unit
60 are energized by relays 76 via relay contact 76a, there
being one relay 76 for each electromagnet 66 in casing
62. TFor each relay 76 there is an amplifier 78 and a
sensing element §9 that cooperates with a magnetic pro-
gram record €2. Where record 82 is a magnetic band
that is advanced stepwise, sensing elements 89 are of the
“at-rest” sensing type such as those disctosed in my Patent
No. 2,988,237 issued June 13, 1961 and Patent No.
2,926,844 issued March 1, 1960. For present purposes,
sensing elements 83 may also be considered as being pho-
toelectric cells or eleciro-mechanical contacts or brushes
where record 8¢ is a perforated tape. Depending upon
the combination of magnetized spots or perforations op-
posite the respective sensing elements 8@, the various
electromagnets in digital control device 68 will cause rod
64 to project at various extents.

Cne conirol device 68 and one group of sensing ele-
ments 89 is provided for each degree of freedom so that
sensing elements 8§ control the radial-motion degree of
freedom with motion provided by actuator 42; a second
set of sensing elements 84 controls motion of a second
degree of freedom of programmed device 12 such as for
operation of actuator 61, and as many groups of sensing
elements 80, 84, etc. are provided as there are controlied
degrees of freedom in programmed device 12.

Record belt &2 is advanced in a step-by-step fashion,
for disposing one row of control areas at a time opposite
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sensing elements 80, this being effective, for any one
position of belt 82, to dispose corresponding rows of
control areas opposite the group of sensing elements 84;
and in any given position of belt 82 there will be other
rows of control areas opposite all other groups of sensing
elements that are provided for controlling other degrees
of freedom of apparatus 12. For the purpose of advanc-
ing belt 82 step-by-step, and for rewinding belt 82 so as
start a new program, the following control apparatus is
provided.

Electric motor 86 having an armature 86a and a field
winding 86b has terminal connections to relay contacts
90a of relay 98, contacts $9a being effective to connect
motor 86 for forward drive in the illustrated position
of contacts 80a, or to reverse the direction of rotation
of mctor 86 when relay 99 is energized. Relay 92 has
a pair of normally open contacts 92a connected to con-
tacts 98a. Relay 92, when energized, closes its con-
tacts $2a for connecting power to motor 86 through relay
contacts 90a. Relay 92 is energized for brief intervals
in its forward step-by-step mode of motor control by
“flip-flop” or bistable circuit 94. Flip-flop 94 is connected
to relay 92 through isolating circuit 96. Alternatively,
when relay 99 is energized in effecting a reverse-drive or
rewind operation of motor 86, relay contacts 965 provide
sustained control input to isolating circuit $6 for ener-
gizing relay 92. When control input is provided from
circuit 94 or from contacts 9¢b to isolating circuit 96,
relay 92 is energized; and motor 86 is effective to advance
record 82 or to rewind belt or record 82, depending on
whether relay 99 is energized.

In addition to the groups of sensing elements 86 and
84, and any additional groups of sensing elements pro-
vided, three more sensing elements 98, 108 and 102 are
included in this apparatus. Naturally additional sensing
elements may also be used, as required. Sensing ele-
ment 98 is disposed opposite a longitudinal track of belt
8Z at which there is a series of regularly spaced control
areas. Such areas may be a regularly spaced sequence
of holes in the case of a perforated tape, where sensing
element 98 is either a photocell or like sensing element,
or magnetized spets on a magnetic band 82 may be sensed.
by appropriate magnetic sensing heads. Sensing element
98 is connected by way of amplifier and pulse generator
108 to flip-flop 94 and is effective to set the flip-flop in
its condition in which it stops motor 86 by deenergizing
relay 92. When sensing element 98 senses a control
area and the belt stops, all of the other sensing elements
88, 84 and 180 are opposite their respective control areas.

The condition of flip-fiop 94 is reversed for enabling
the next one-step advance of the belt 82 by the following
apparatus. “Function” sensing element 168 is coupled
by amplifier 116 via line 119 to relay 118 which has
normally closed contacts 118z and normally open con-
tacts 1185, 118c and 118d. Amplifier 116 has a control
cennection 117 via contacts 114d (when closed) to a
source of operating potential, Normally, hewever, con-
tacts 1144 are open and contacts 114c are closed. The
latter are connected in series with holding contacts 1184
of relay 118.

When the belt 82 is at rest and sensing element 109 is
opposite a control area, and before the belt is advanced
to bring another control area under a sensing element
108, relay 114 is momentarily energized, as will be de-
scribed.  Amplifier 116 is energized, momentarily, by
closing of contacts 114a. If there is a control area under
sensing element 1068 that calls for a “function” to be ac-
complished, then relay 118 is energized and its holding
contacts 1184 are closed. Relay 118 is designed so that
it drops open ouly after a short delay. When relay 114
is no longer energized, contacts 114q open (disabling
amplifier 116) and contacts 114c close so as to complete
a holding circuit through contacts 114c and. 118d, main-
taining relay 118 energized.
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It may be assumed that relay 118 was not energized,
for lack of a function-control recording in the area op-
posite sensing element 100, and consequently contacts
118a are closed. A circuit is established for providing
start-impulse generating unit 124 with an input pulse,
this circuit including normally closed contacts 1184 and
contacts 120a of relay 126, to a source of operating poten-
tial. Relay 128 is connected in series with a number of
actuator-controlled switches 122(1), 122(2), etc., there
being as many such switches 122 as there are programmed
degrees of freedom in apparatus 12. Each switch 122
includes a mechanical part 124 that is movable from its
normal centered position by balanced pressure diaphragms
126 and 128 connected to the respective supply lines 44
and 46 of actuator 42. Contacts 122(1) are closed when
the pressures in lines 44 and 46 are alike or when there
is no pressure in these lines. When there is unbalanced
pressure in lines 44 and 46 so that actuator 42 is operat-
ing its output mechanical elements under program con-
trol, then either of the contacts of switching device 122
is deflected out of engagement with the other. It follows
accordingly that when all of the switches 122 are closed,
indicating that all of the actuators under program con-
trol have arrived at their intended positions dictated
by the program control that is provided, relay 120 is
energized. Contacts 120a and 118a being closed at this
time, circuit 124 provides a “start” impulse to flip-flop 94,
resulting in energization of relay 92 and advance-stepping
operation of motor 86. Advance-operation of motor 86
continues until the next impulse is developed at semsing
element 98 and circuit 108 reverses flip-flop 94, to de-
energize relay 92.

As an alternative mode of operation to the foregoing,
sensing element 100 at times provides a function-control
impulse during a typical program of apparatus 12, and

" (assuming relay contacts 114a are closed momentarily)

amplifier 116 then causes relay 118 to be energized, as
previously indicated. When this occurs, contacts 118a
are opened and contacts 118, 118c and 1184 are closed.
At the conclusion of the program-controlled operations of
the various actuators 42, etc., the switches 122 are all
closed and relay 126 is energized as previously described.
Contacts 120z in series with contacts 1185 provide a
starting impulse for work unit 26. An impulse supplied
via lead 125 to work unit 26 starts the normal cycle of
this work unit, which may be a welder, a nut-assembler
carrying a supply of nuts to be assembled to threaded
stnds on workpiece A, or it may be a drill or a tap or
other' form of tool. Whatever its form, either by its
internal construction or by means of a collaterally started
self-timer, it emits a signal at wire 127 at the end of
its internal cycle. Contacts 118¢ connected to wire 127
‘being closed at this time, unit 26 supplies the necessary
impulse to the input of circuit 124 to initiate a forward
feeding step of belt 82. Unit 26 repeats its cycle only
in response to another impulse, provided when contacts
129a open and close in a subsequent program step.

Reverting now to sensing elements 89, amplifiers 78 and
relays 76, it will be observed that relay 114 is provided,
having a normally closed pair of contacts 114a between
a source of operating potential and the holding contacts
76b of relay 76. Additionally relay contacts 1145 are
provided which are normally open and are connected via
line 115 to amplifier 78 and others like it, providing an
enabling potential to be connected to those amplifiers.
During the time that relay contacts 11da are closed, relay
76 will be energized if its holding contacts 76b were previ-
ously closed but otherwise relay 76 will be deenergized.
When relay 114 is energized momentarily, contacts 1145
close briefly and amplifier 78 is energized for transmitting
the control condition from .each sensing element 88 via
its amplifier 78 to the corresponding relay 76. Assum-
ing that the particular control area sensed by element 80
calls for relay 76 to be energized, relay contacts 76b close.
Upon deenergization of relay 114 a moment later, ¢on-
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tacts 114b open and contacts 114a close. The -charac-
teristic of relay 76 is such that contacts 765 remain closed
during the switching of relay contacts 114a and 114b, so
that relay contacts 765 remain closed under the operating
conditions just discussed. Thereupon, a holding circuit
is established from the operating power supply through
relay contacts 1144 and holding contacts 760 for main-
taining relay 76 energized.

It will be recalled that there is signal input to pulsing
circuit 124 from relay contacts 1184 or 118¢ (as the case
may be) which occurs at the completion of the last pro-
gram instructions stored in relays 118 and 76. This im-
pulse is supplied via pulse generating circuit 138 to relay
114, for energizing that relay momentarily. During the
brief energization of relay 114, new instructions as to
function and as to position in the various degrees of free-
dom are entered into relays 118 and 76. Circuit 124,
which provides flip-flop 94 with a motor starting im-
pulse, may have a slight delay in its characteristic so that
entry of the program instructions into relays 76 and 118
can be effected before belt 82 advances appreciably.
Such delay characteristic may be omitted if the control
areas sensed by sensing head 98 are correspondingly ad-
justed or staggered along the belt, to the extent that may
be necessary for sensing element 108 and sensing ele-
ments 80, 84, etc., to coact with their respective control
areas, at the start of a step-advancing cycle of belt 82.
It should be understood that this detail of timing, and
indeed the form of sensing elements and program control
element 82 as well as its drive are illustrative, as other
known program-controlling apparatus can be substituted.
The program-controlling apparatus should have large ca-
pacity for many motions as may be required, in the gen-
eral-purpose application that is contemplated for the ap-
paratus, and the control element 82 should be of a form
that can be readily re-recorded or replaced with newly
recorded control information, in “teaching” the apparatus
each new program of operations.

At the end of the program recorded on belt 82, it be-
comes necessary to reverse-feed the belt to its starting po-
sition. For this purpose, sensing element 102 is provided.
Along a corresponding longitudinal control track, belt
82 contains ‘a control area dictating start of the reverse-
feed function of the control belt itself. For the purpose
of ending the reverse-feed operation, belt 82 also has a
“home” control area along the same sensing track that is
sensed by element 162. Of course, separate sensing ele-
ments 102 at separate tracks (width-wise of belt 82) could
be employed for sensing the end-of-program position and
the start-of-program position on belt 82. In the form
illustrated, sensing element 102 is connected to a bistable
circuit 132 that switches back and forth in response to
successive input pulses. During the forward-feed of belt
82, output lead 134 of bistable circuit 132 is substantially
at ground potential so that relay 98 is not energized.
When sensing element 12 detects an end-of-program
control area, bistable device 132 reverses its condition
and energizes the relay 98 and reverses the motor-control

- contacts 98a. At the same time, Telay contacts 995 close

and relay 92 is energized. As a result, belt-feed motor
86 is started in operation, in the reverse-feeding direc-
tion. This reverse belt-feeding operation continues until
sensing element 102 again detects a control area at the
“home” position in the program. At that time, the con-
dition of bistable circuit 132 is reversed so that relay 96
is deenergized and motor 86 stops. Suitable braking
means may also be provided, as is well known, for ar-
resting belt 82 promptly at its “home” position.

Relay contacts 98¢ which are -closed during the for-
ward-feed operation of motor 86 (when relay 2¢ is de-
energized) are connected via wire 136 to relay 114,
During reverse-feeding operation, contacts 90¢ are open
and all sensing by elements 80, 84 and 1090 is suppressed.
The stored states of relays 76 are thus preserved, and
actuator 42 (as well as the actuators in the other degrees
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of freedom) hold their last-established positions during
the return-operation of the program belt 82.

During the reverse-feed operation, sensing element ¢8
repeatedly sends signals to flip-flop 94, so that the flip-flop
remains set in its motor-stopping condition. However,
relay 92 is energized via isolating circuit 96 so long as
contacts 90c remain closed. In due course, relay 99 is de-
energized when belt 82 reaches its “home” position. Re-
lay contacts 98¢ close and transmit a pulse via capacitor
137 to the motor-actuating input connection of flip-flop
94. Relay contacts 98a are in their forward-operating
position and relay 92 is energized. Forward feeding of
belt 82 commences automatically, and continues only
briefly until sensing element 98 detects the first control
position of the program and provides a stop impulse for
unit $4. This arrangement enables high-speed rewind
of belt 82 and takes into account some overtravel by
promoting accurate positioning of belt 82 in the initial
control position of the program.

A new program cycle is initiated by closing of relay
contacts 1484 (described below) causing the sensing of
the first control position of the program by sensing ele-
ments 83, 84 and 108.

Relay 149 is connected to a source of energizing poten-
tial via contacts 30, normally closed limit-switch con-
tacts 142 and normally closed contacts i44a of a relay
144. - It will be recalled that these contacts are closed by
bar 28 carried by conveyor 1. Upon momentary en-
ergization of relay 149, its contacts 1484 establish its own
helding circuit via limit-switch contacts 142 and relay
contacts 144a to the source of potential,

So long as relay 14¢ is energized, its contacts 14¢c
connect one end of field winding 146b of a reversible mo-
tor 146 to an electric power supply, and relay contacts
140b connect the opposite terminal of winding 1465 to

the rotor 1464 of motor 26. Motor 29 is thus energized
" and starts to drive chain 16 in the direction to propel the
base of apparatus 12 along with the conveyor. . The mo-
tor speed is fast enough so that apparatus 12 speeds up
and moves faster than the conveyor initially, When
pusher 34 on chain 16 reaches bar 28 of the main con-
veyor, motor 26 is retarded and thereafter apparatus 12
moves in exact synchronism ‘with the conveyor 18. This
condition is established quickly, at the start of the for-
ward travel of apparatus 12.

Before bar 28 operates switch 32, program belt §2
is in its first centrol position and- in readiness for a new
operating program. Switch 36 causes relay 140 to close
its normally open contacts 149d in series with contacts
128q and thereby to start programmed operation. Relay
114 is energized briefly to effect a sensing operation.
Relays 76 and 138 then store the sensed program data.
The various actuators 42, 61, etc. start to move to the posi-
tions dictated by relays 76, etc. Belt 82 at the same time
advances to its next control position. The programmed
sequence continues, causing work unit 26 to move to suc-
cessive programmed positions relative to work piece A,
and during the entire programmed sequence motor 29
drives apparatus 12 precisely in step with work piece A.

At the end of the program, the drive of motor 28 is
reversed and apparatus 12 is returned to its starting posi-
tion, in readiness to respond to the next bar 28 of con-
veyor 18. An end-of-program impulse from bistable cir-
cuit 132 is coupled by lead 134 through capacitor 148 to
relay 144. This provides momentary energization of the
relay. Relay contacts 144q open, and normally open
relay contacts 144h, 144c and 144d close. Closing of
holding contacts 1444 establishes a holding circuit to relay
144 from an electric power supply via normally closed
contacts 159 of a limit switch, Contacts 144b and 140c
establish a circnit for operating motor 28 in the return
direction. Motor 26 operates a high speed to restore
the apparatus to the condition in FIGURES 1 and 2. Of
course, the forward-drive switch connections 140 and
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148¢ are broken as a result of opening of relay contacts
144a. The return-drive operation of motor 20 is ter-
minated when limit switch 159 is opened, as a result of
the coaction of switch operator 36 with stationary
cam 38 (FIGURE 1).

Switch 142 in series with relay 149 is a safety pro-
vision, to terminate forward-drive operation of motor 20
after the maximum permissible travel of apparatus 12
along the conveyor. The operating lever of switch 142
carried by apparatus 12 coacts with a companion station-
ary cam (not shown) near the right-hand limit of travel
of apparatus 12. .

It is contemplated that suitable provision can be made
to control the return-travel speed of apparatus 12. Mo-
tor 28 is not retarded by engagement of pusher 34 with
bar 28 during the return-travel operation of apparatus
12, and so motor 20 effects rapid return of apparatus
12 to its starting location. An electrical or gear-change
speed-control may be provided for effecting higher-speed
return of apparatus 12, to be operated by relay 144.

The operation of the apparatus in FIGURES 1-3 may
now be reviewed briefly, Conveyor 18 carries a series of
articles A at locations on the conveyor that are accurately
preestablished in relation to a series -of bars 28 spaced
apart along the conveyor. When a bar 28 strikes lever
32 and operates switch 30, relay 140 is energized. The
relay establishes its own holding circuit and it remains
energized while apparatus 12 is transported right-to-left
in FIGURE 1 along the conveyor. The apparatus moves
in fixed synchronism with the conveyor and performs the
programmed sequence of motions and work operations
dictated by its program control belt 82, As soon as relay
14§ is energized, its contacts 1405 and 346¢ connect direct-
current series motor 20 (146a, 146b) for operation in
the direction to operate chain 16 and to advance appara-
tus 1Z along the comveyor 10. The motor quickly ac-
celerates apparatus 12 to a higher speed than conveyor
18, so that element 34 on the chain 16 advances against
the back surface of bar 28. Thereafter motor 20 is re-
tarded by the conveyor 1@, element 34 continuing its push
against bar 28. Apparatus 12 thereafter remains in a
fixed position relative to conveyor 10 and to article A.

At the start of the entire program, all the actuators
42, ete. for the various degrees of freedom in the ap-
paratus 12 are at rest in the positions dictated by their
code-to-position converters 68 under self-holding relays
76, so that switches 122(1), 122(2), etc. are closed. It
may be considered that the final program step of the
program involves a motion of arm 42 away from the path
of the advancing articles A on the conveyor, and that
relay 118 is deenergized. Accordingly, when relay 149
is energized, relay 120 is energized by contacts 1494 and
contacts 128a close. This applies a pulse to unit 130
for effecting a sensing operation by elements 80, 84 and
189, and it also applies a pulse to unit 124 to start a for-
ward step-drive of motor 86 and belt 82. Initially the pro-
grammed instruction that is sensed is stored in relays 76
and 118, and the step-advance of belt 82 brings the next
program instruction into position for sensing. The pro-
grammed motions of apparatus 12 and its work unit 26
Gperate in relation to article A just as if both the appara-
tus and the article were both at rest. Indeed, the pro-
gram comntrol belt 82 has its brogram established on this
basis, “teaching” the program to the apparatus in the man-
ner described in my application Serial No. 226,203 and
my Patent No. 2,988,237, mentioned above,

At the end of the program, sensing element 102 causes
a control signal to go both to relay 99 via holding circuit
132 and to relay 144 via capacitor 148. This effects re-
versal of motor 20 (1464, 146b) to restore apparatus 12
rapidly to its starting position, and it effects return of
belt 82 to the “home” position. Forward feed of belt
82 is resumed automatically for advance to the first con-
trol position of the program belt 82. During the return
travel of apparatus 12, switch 30 is ineffective to respond
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to incidental reverse cooperation of bar 28 and switch
lever 32 because the circuit from switch 30 to the power
supply terminal is broken by relay contacts 148a that are
open at this time. Return travel of apparatus 12 is ter-
minated by limit switch 150. After belt 82 reaches its
“home” position, it is automatically operated a short dis-
tance in the forward-feeding direction as a result of clos-
ing of contacts 98¢ and changing flip-flop 94 to its motor-
operating condition. When sensing element 98 senses the
first control position, belt-feed motor 86 stops.

The propelling drive of unit 12 and the program con-
trol means are thus restored to condition for a new cycle
of operation under control of the next bar 28 of the con-
veyor.

The combination-code-to-displacement converter ap-
paratus in FIGURE 4 is of distinctive value as a means
for producing program-controlled displacements. Ad-
vantageously, the construction may be modified for in-
corporating contacts 765 operated by electromagnets 66a
respectively, so as to make these electromagnets self-
holding and thus to eliminate relays 76.

A further contemplated departure from the foregoing
appears in FIGURE 5. An L-shaped member 154 is sup-
ported on a strong pivot shaft 156 depending from the
bottom of apparatus 12. A pair of toggle links 158 and
160 are joined by knee pivot 162. Elements 154 and
158 are connected at pivot 164, while link 16¢ has one
end pivoted to rigid support shaft 166 depending from
apparatus 12. ~Spring 168 urges the toggle links 158 and
160 into their erect condition and projection 170 of link
160 arrests the links in straight-line position against the
spring bias. .

When bar 28 of conveyor 10 advances against member
154, erect toggle 158, 160 prevents the member 154 from
pivoting and consequently bar 28 (powered by conveyor
10) drives member 154 and its supporting apparatus 12
along with it. Suitable shock-absorbing support means
may be provided in apparatus 12 for shaft 156, if needed.

When apparatus 12 reaches the limit of its rightward
travel, it carries its toggle against stationary pin 172.
This initiates buckling of the toggle. Thereafter any
pressure by bar 28 is not resisted by member 154, the
latter merely dropping out of the path of advance of
bar 28. As a result, apparatus 12 stops its movement to
the right. It should be understood that in the embodi-
ment of FIGURES 1-4, apparatus 12 is to be equipped
with all of the described programming apparatus, includ-
ing switch 30, 32 for initiating the programmed operation.
Replacing or additional to pin 172, an end-of-program
electromagnet (not shown) can be arranged to buckle the
toggle under control of circuit 132 (FIGURE 3). Motor
20 is to be retained and connected for its reverse-drive
function only. Motor 20 may be initiated in operation
by a switch assembled adjacent knee 162 and momen-
tarily closed by the toggle to enmergize relay 144 (FIG-
URE 3).

In the foregoing description, two forms of coupling
have been included for achieving synchronized advance
of apparatus 12 together with the workpiece A on the
conveyor, one in which a follow-up drive is provided for
keeping the programmed apparatus 12 synchronized with
the conveyor, and the other (FIGURE 5) in which for-
ward direct drive for apparatus 12 is provided by the
conveyor. It is contemplated that substitute controls may
be provided for driving apparatus 32 in its forward travel
in time with the conveyor 18, using magnetic or photo-
electric means on apparatus 12 and cooperating means
on conveyor 10. For example, digitally coded patterns
may be formed at key locations on the moving conveyor
18, cooperating with magnetic sensing means on the ap-
paratus 12 to replace the mechanical coaction of pin 28
and switch lever 32 and flight 34 shown in FIGURE 1.
One form of such photoelectric cooperation is included in
the apparatus of FIGURES 7-9.
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A modified form of control and drive means is shown
in FIGURE 6 to replace the electric motor 29 (146a,
146b) in FIGURES 1 and 3, as well as its drive chain
16. In FIGURE 6, the base 12a of the work device 12‘
is carried by wheels (not shown) driven by hydraulic
motor 210, the wheels operating on the same rails 14 as in
FIGURE 1. Motor 210 is controlled by a hydraulic
valve 212 having a pressure inlet line 214, two lines 216
to the dump side of a hydraulic pressure system and lines
218 extending to motor 210. The hydraulic pressure-
supply system for line 214 is conveniently installed on
base 124 so as to travel with motor 218. The body of
valve 212 is mounted for limited longitudinal movement
relative to base 124. An arm 220 extends from the valve
body between two rods 222 that have heads normally re-
strained by the ends of cages 224 on base 12a. Springs
226 bias rods 222 to center arm 220.

Valve 212 has a spool 2124 that is normally centered
to close off lines 218 or to supply balanced pressure to
those lines, depending on the form of valve selected. Rod
228 extending from spool 2124 has a sleeve end that
slidably receives a control bar 236. A pin-and-slot guide
232, 234 enables bar 239 to slide at right angles to rod
228. Bar 230 is biased away from conveyor 1€ by spring
236 and an arm 238 on bar 230 is operable toward con-
veyor 10 by an electromagnet 240, Bar 230 is centered
by a rod 242 that is headed and contained in a cage 244,
and is biased toward the left by spring 246. A fixed stop
248 extends from the floor that carries rails 14, Stop
248 arrests bar 230. In all positions of base 124 away
from stop 248, rod 242 biases bar 236 and valve control
rod 228 to the left of the position illustrated, In that
condition, valve 212 operates motor 210 to drive base
12a toward stop 248. This return drive of base 12a con-
tinues at full speed until stop 248 is engaged, and drive
by motor 218 slows down as spool 2124 is centered and
the drive is stopped.

Conveyor 10 has a pin 28a at each article location
of the conveyor, pin 28a having a doubly sloping end that
is cooperable with complementary doubly slanted recess
230q in bar 230. Switch 30a on base 12 has an ac-
tuating arm 32a in the path of pin 28a, and switch 3@a,
when closed by pin 284, energizes relay 149’. Electro-
magnet 240 is energized by closing of contacts 1405’ of
relay 140’ when the latter is energized upon closure of
switch 30a. - Consequently, closing of switch 384 by pin
28a results in bar 230 being driven instantly toward pin
28a. Switch actuator 32a is located in relation to bar
230 so that, making any necessary allowance for the speed
of the conveyor and the time for actuating bar 239, the
recess 230a mates with pin 284. Relay contacts 140a
close when relay 140’ is energized, and establish a relay-
holding circuit. Relay 140" replaces relay 140 in FIG-
URE 3.

As a result of the foregoing, when pin 28a operates
switch 30a, bar 230 is projected into accurately-deter-
mined coaction with pin 28a. Conveyor 10 carries pin
28a to the right, and this moves bar 239 and valve spool
2124 to the right, promptly starting motor 210 to drive
the base 12a along with the conveyor. The rate of this
drive is accurately controlled since any tendency of drive
218 to advance base 124 ahead of the conveyor would
correspondingly restore bar 230 and valve spool 212a
toward the left, slowing the drive. At equilibrium, the
base 12a and the conveyor move in step accurately. Dur-
ing this time the programmed operation of apparatus 12
proceeds, being initiated in operation under control of
relay contacts 1404’, connected in place of contacts 140d
of FIGURE 3.

At the end of the program cycle, the holding circuit
of relay 149’ is broken as described in connection with
FIGURE 3 so that electromagnet 249 is deenergized and
spring 236 retracts bar 230 away from pin 28a. There-
upon, spring 246 shifts bar 236 and rod 228 to the left.



3,288,018

13

Valve 212 operates motor 216 to drive base 12a to the
left, continuing until stop 248 causes valve 212 to be
centered. The apparatus is thus in readiness for a re-
newed cycle of operation.

In connection with FIGURES 1-6, it has been tacitly
assumed that the work carried by the conveyor or article
carrier can be deposited and retained on the conveyor in
an accurate position, both laterally in relation to the edge
of the belt or disc conveyor and longitudinally relative
to the projecting element 28 to which the transport of
the programmed apparatus is keyed. Under some condi-
tions, the article might shift on the conveyor in the course
of its travel, or the assumed accuracy of positioning of
the article relative to the control element 28 on the con-
veyor may not be practical or feasible. FIGURES 7-9
show a form of apparatus that avoids this difficulty, by
providing direct coordination of the programmed ap-
paratus with the material or article carried by the con-
veyor. The apparatus of FIGURES 7-9 utilizes certain
concepts and apparatus additional to that which has
already been discussed.

Conveyor 19" and base 124’ of the programmed unit
12’ in FIGURES 7-9 correspond to like-numbered parts
in FIGURES 1, 3 and 6. Unit 12’ is supported on wheels
124’ for rolling on rails 14’ along belt conveyor 18’. This
apparatus utilizes the control and program circuit of FIG-
URE 3, modified to utilize the hydraulic drive of FIG-
URE 6, plus further features to be explained in detail.

Conveyor 16’ carries an article A’ that is the object
of the programmed operations of unit 12’, or it may be
an article that is fastened to a reusable supporting pallet.
Bar 28’ projects laterally from the pallet A’, and coacts
with control devices nearly the same as in FIGURE 6,
except that rod 230’ has a deeply slotted end portion

2304’ to coact with bar 28’. The ends of portion 2304’
are oppositely sloped to achieve accurate alignment with
bar 28’, like the diverging faces of rod portion 23%a in

FIGURE 6. A switch 3¢’ (FIGURE 9) resembling
switch 36 of FIGURE 1 may also be provided on base
124" for initiating a coordinated sequence of operations
of the programmed apparatus and the transport of the
unit 12" along its rails 14’. Ynasmuch as the article A’
and the bar 28’ carried thereby may assume various posi-
tions laterally, relative to the edges of the conveyor, bar
28" should be long enough to engage the switch lever
throughout the range of variation in lateral positioning
of the article. Alternatively, switch 3¢’ represents a
photocell-actuated switch in base 124°. A photo-cell may
be aimed toward article A’ perpendicular of the conveyor
edge and a parallel-beam light scurce also carried by base
12a closely adjacent to the photocell may be aimed at a
reflecting spot on the side of article A’. The reflection
from the spot on the article will activate the photocell and
close the switch. Of course, a light source carried by the
article or a glass bead reflector on the article illuminated
by ambient light may aiso be used to operate the photo-
cell.

. Switch 38’ in FIGURE 9, when closed, energizes relay
149’ and closes relay contacts 140a’, 1490’ and 1404".
Contact 1485’ is connected to electromagnet 240’ which
drives rod 236’ into coaction with bar 28, to initiate
operation of a hydraulic system for transporting unit 12’
along rails 14’ as described in connection with FIGURE
6. - Switch 39" closes and only momentarily energizes
relay 149’ by drawing displacement current through ca-
pacitor 141’. The resistor 143’ shunting capacitor 141’
discharges the capacitor when switch 3¢’ opens, but re-
sistor 143’ does not draw sufficient current to maintain
relay 149’ energized.

Relay contacts 1484’ establish a holding circuit for
relay 148, through limit-switch contacts 142" and relay
contacts 1444’. Limit switch 142’ is disposed to open
when unit 12’ has traveled its maximum distance along
rails 14, and does not normally open since the holding
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circuit is normally opened sooner by energization of relay
144,

Lead 260 connects relay contacts 148’ to solenoids
262 and 264 which shift the control parts 266a and 2684
of servo master valves 266 and 268 toward pallst or article
A’. The valve-bodies of valves 266 and 268 are fixed to
upper base iZc. Valve control parts 266a and 2684 pro-
ject from the front surface of upper base 12¢ of apparatus
12, at the opposite ends of upper base 12¢. The latter
is slidably mounted on base 120’ and is guided without
angular constraint (over a substantial angular latitude)
by guide rollers 12d projecting from base 124’. Base
12c supports all of the structure and its programmed
actuators in the various degrees of freedom in the appara-
tus 2 of FIGURE 1. A pair of slave hydraulic motors
272 and 272 are fizxed to base 124, operated by master
valves 266 and 268. Motors 270 and 272 operate worm
gears (not shown) in mesh with worm shafts 2784 and
272a. These shafts have flexible connections to the oppo-
site ends of upper base i2c. Solenoids 262 and 264, when
energized, operate valve parts 266a and 268z toward
article A’ and cause motors 278 and 272 to move upper
base 1Zc toward article A’. Additional solenoids 274 and
276 are provided, arranged to move valve control parts
266a and 2684 away from article A’ when energized, and
cause motors 278 and 272 to operate upper base 12¢ away
from article A’ and laterally away from conveyor 190’.

lead 260 is energized upon closing of relay contacts
140)’, and this causes motors 270 and 272 to advance
upper base 12c¢ toward article A’. Fach servo master
valve 266 and 268 is individually centered by engagement
with article A’. This discontinues advance of each re-
spective end of base 12¢ toward the article A’ and aligns
the apparatus with article A’. Control 23064’ causes ap-
paratus 12’ to be centered opposite article A’. This ac-
curate orientation of apparatus 12’ opposite article A’ oc-
curs when apparatus 12’ starts to move along conveyor
10, and accommodates both lateral and longitudinal ad-
justments, and angular adjustments too.

Servo valves 266 and 268 have pressure-differential
switches 2665 and 268b that are connected in series, and
are connected by relay contacts 278a between lead Zsd
and relay 120’. Relay 278 connected to lead 26@ has a
slow pull-in characteristic and oloses contacts 2784 after
a brief delay following closing of contacts 1485’. This
allows time for solenoids 262 and 264 to shift the spools
of valves 266 and 268 off-center, thereby to cause con-
tacts 266b and 268b to open after initial ciosure of relay
contacts 1465°. Motors 270 and 272 carry valve actu-
tors Z65a and 258a against article A’. ‘This causes recen-
tering of the valve spools of both valves. Switches 2555
and 268b then close and energize relay 128’ This relay
has contacts 1204’ in series with pressure switch 122(1),
122(2), etc. of the various actuators of unit 12, more fully
described in connection with FIGURES 1-3.

Reclosing of both switches 266h and 2685 occurs at
the time when unit 12’ has been shifted laterally toward
article A’, into accurte orientation relative to unit 12
The start of the programmed operation of unit 12’ thus
occurs after a delay time following closing of switch 3¢,
this delay providing for initial alignment of unit 12’ with
article A’. The delay affords the same time interval for
start-up of the hydraulic system 230, 2i2, 210 (FIG-
URES 6 and 9) that propels unit 12’ forward, along and
in time with conveyor 18’. The programmed operation
of unit 12’ commences with closing of contacts 288b and
268b and the resulting energization of relay 128°. There-
after, apparatus 12’ advances with conveyor 1§’ in ac-
curate orientation witih article A’ while the program of
belt 82 (FIGURE 3) is carried out.

As already considered in connection with FIGURE 3,
completion of the programmed operation of unit 12 sup-
plies an impulse via capacitor 148", This capacitor is
connected to relay 144’. Energization of this relay closes




3,283,018

15

its holding contacts 1444’ in series with limit switch 15¢”,
and relay 144’ remains energized until the unit 12’ has
been return-propelled to its starting location. Thereupon
switch 150’ opens and the relay 144’ drops out.

Relay 144’ has normally closed contacts 1444’ in the
holding circuit of relay 140’. Energization of relay 144"
deenergizes relay 140’ and solenoid 249’. Bar 230’ re-
tracts from rod 28" and shifts in the direction to cause
the longitudinal propelling hydraulic motor 216 to return
base 124’ to its starting position, as explained in connec-
tion with FIGURE 6.

When relay contacts 1444’ open, relay contacts 1445’
close and energize valve-actuating solenoids 274 and
276. 'This operates valve control members 266a and 2684
away from article A’ and causes operation of motors 270
and 272 to restore base 12c¢ to its retracted position. As
soon as lateral return-travel of upper base 12¢ is com-
plete, servo-valve control elements 2664 and 268q strike
respective fixed stops 280 on base 124', and motors 270
and 272 stop. This completes the lateral return stroke
of unit 12°.

When longitudinal return-travel of base 124’ is com-
plete, switch 150’ carried by this base strikes a stop and
opens. Relay 144’ is deenergized. Its holding circuit
opens, and the entire unit 12’ is ready for a subsequent
sequence of operations coordinated with the conveyor.

The apparatus of FIGS. 7-9 provides a time delay fol-
lowing operation of switch 3¢’ (FIG. 9) by an element
28’ and until relay 120’ is energized. Closing of relay
contacts 120a’ starts a new program sequence of unit 12’,
as described previously in connection with FIG. 3. This
delay provides time before the program of unit 12’ starts,
enabling unit 12’ to start its travel along conveyor 16’
and to become synchronized therewith, for diposing an
article A’ accurately at a prescribed relatively fixed posi-
tion opposite the now-traveling unit 12’. Such a delay
could be incorporated in the program of belt $2, or it
could be achieved otherwise as by interposing a time-delay
circuit between relay contacts 1404 and the circuit in FIG.
3 controlled by contacts 1484. Synchronous travel of
unit 12 or 12’ opposite an article A’ is sustained through-
out the program of belt 82 by any of the various means
shown in FIGS. 1 and 2, FIG. 6 or FIGS. 7-9, or by
equivalent means. In this connection, it should be noted
that, while element 28 is shown physically attached to
conveyor 10, element 28 can be operated in coordination
with conveyor 18 as by being carried by a timing chain
coordinated with the conveyor and operating in synchro-
nism therewith.

It has been stated above that the work device 26 may
be an article gripper, and article A or A’ may be a pallet
that is to be loaded or unloaded while in transit on con-
veyor 10 or 16’. The objects to be loaded or unloaded
can be obtained from a supply or delivered to a receptacle
that is appropriately disposed on base 124 or otherwise.
Where work unit 26 is a screw or nut applier, it would
contain its own supply of screws or nuts.

The terms “longitudinal” and “tranverse” have been
used above in connection with a straight-line conveyor 10
and 10’, but as already indicated, these terms apply also
to corresponding arcuate movements and radial move-
ments of units 12 and 12’ where a rotating disc-type arti-
cle carrier or conveyor is used.

Varied application and modifications of the novel con-
cepts in the apparatus described above will be apparent
to those skilled in the art, so that the invention should be
construed broadly in accordance with its full spirit and
scope.

What is claimed is:

1. In combination, program-controlled apparatus hav-
ing a main base and including a work device, a conveyor
for transporting an article along a path past said pro-
gram-controlled apparatus, and reciprocable driving means
for transporting said base forward along the conveyor to

10

15

20

25

35

40

45

50

60

70

75

16

enable the work device to perform prescribed operations
on an article while in transit and to return the base to a
starting position preparatory to the advance of another ar-
ticle, said program-controlled apparatus including support-
ing and actuating means for moving said work device in
multiple degrees of freedom, program-control means, sens-
ing means cooperating with said program-control means,
and control means for said actuating means and for said
work device controlled by said sensing means, and coordi-
nating means for. initiating operation of said program-
controlled apparatus and said base-driving means and said
coordinating means including article-position indicating
elements movable coordinately with said conveyor and
control means for said base-driving means movable coordi-
nately with said program-controlled apparatus and coop-
erable with said article-position indicating means for main-
taining prescribed orientation of said program-controlled
apparatus in relation to an article on the conveyor during
the program-controlled operation of said apparatus.

2. In combination, program-controlled apparatus hav-
ing a main base and including a work device, a conveyor
for transporting an article along a path past said pro-
gram-controlled apparatus, and reciprocable driving means
for transporting said base forward along the conveyor to
enable the work device to perform prescribed operations
on an article while in transit and to return the base to a
starting position preparatory to the advance of another
article, said program-controlled apparatus including sup-
porting and actuating means for moving said work de-
vice in multiple degrees of freedom, program-control
means, sensing means cooperating with said program-con-
trol means, and control means for said actuating means
and for said work device controlled by said sensing means,
and coordinating means for initiating operation of said
program-controlled apparatus and said base-driving
means, said coordinating means including article-position
indicating means movable coordinately with an article on
the conveyor and an operation-initiating control device
responsive to said article-position indicating means to ini-
tiate operation of said coordinating means and said re-
ciprocable driving means including control means mov-
able coordinately with said program-controlled apparatus
and cooperable with said article-position indicating means
for maintaining prescribed orientation of said program-
controlled apparatus with an article on the conveyor dur-
ing the forward transport of said base along the conveyor.
) 3. In combination, program-controlled apparatus hav-
Ing a main base and including a work device, a conveyor
for transporting an article along a path past said pro-
gram-controlled apparatus, and reciprocable driving means
for transporting said base forward along the conveyor to
enable the work device to perform prescribed operations
on an article while in transit and to return the base to
a starting position preparatory to the advance of another
article, said program-controlled apparatus including sup-
porting and actuating means for moving said work device
in multiple degrees of freedom, program-control means,
sensing means cooperating with said program-control
means, and control means for said actuating means and
for said work device controlled by said sensing means,
and coordinating means for initiating forward operation
of said driving means and maintaining synchronized speed
of the base with the conveyor and for maintaining pre-’
scribed location of the base relative to an article on the
conveyor, said coordinating means including article-posi-
tion indicating means movable coordinately with the con-
veyor and a master servo control for said driving means
cooperable with said article-position indicating means.

4. The combination in accordance with claim 3, where-
in said article-position indicating means comprises a first
member and wherein said master servo control includes a
companion member, said coordinating means including
means for maintaining said members locked together dur-
ing said forward operation, and for releasing said mem-
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bers following execution of the program of said program
control means.

S. In combination, program-controlled apparatus hav-
ing a main base and including a work device, a conveyor
for transporting an article along a path past said program-
controlled apparatus, and reciprocable driving means for
transporting said base forward along the conveyor to en-
able the work device to perform prescribed operations on
an article while in transit and to return the base to a start-
ing position preparatory to the advance of another arti-
cle, said program-controlled apparatus including support-
ing and actuating means for moving said work device in
multiple degrees of freedom, program-control means,
sensing means cooperating with said program-control
means, and control means for said actuating means and for
said work device controlled by said sensing means, an
upper base supporting said program-controlled apparatus
and-supported by said main base, article-responsive drive
means acting between said upper base and said main base
for moving the program-controlled apparatus transverse
to said article path, article-position indicating means mov-
able coordinately with an article on the conveyor, and
coordinating means responsive to said article-position in-
dicating means for initiating operation of said drive means
to move said program-controlled apparatus into pre-
scribed lateral orientation relative to an article on the con-
veyor, said coordinating means further including means
for initiating forward operation of said reciprocable driv-
ing means into synchronized travel with the conveyor and
for initiating operation of said program-controlled ap-
paratus. -

6. In combination, a power-driven conveyor and
program-controlled apparatus having a work device and
having a base mounted for movement along said con-
veyor, said program-controlled apparatus including sup-
porting and actuating means for moving said work de-
vice in multiple degrees of freedom, and programmed
control means for said actuating means and for said work
device, and driving means including sensing and control
means movable coordinately with said program-controlled
apparatus along the conveyor and cooperable with means
carried by the conveyor for fixing said program-control-
led apparatus in predetermined orientation in relation to
an article carried by said conveyor during the execution
of the program of said programmed control means.

7. Apparatus in accordance with claim 6, wherein said
sensing and control means includes means cooperable with.
a discrete portion of an article on which said work de-
vice is to operate for controlling lengthwise operation of
a portion of said driving means and wherein said sensing
and control means includes porticns spaced apart along
the article and laterally cooperable therewith for sep-
arately controlling portions of said driving means for
laterally and angularly adjusting said program-controlled
apparatus into prescribed orientation relative to an ar-
ticle on the conveyor.

8. Apparatus in accordance with claim 6 wherein said
sensing and control means includes an element cooperable
with a discrete element identified with the longitudinal
position of an article on the conveyor for controlling a
portion of said driving means in establishing longitudinal
positioning and synchronium of said program-controlled
apparatus in relation to the article on which the work de-
vice is to operate, said sensing and control means also
including an element cooperable laterally with such ar-
ticle for controlling a lateral-drive portion of said driv-
ing means for adjusting said program-controlled appara-
tus into a predetermined relative position laterally of such
articles.

9. Apparatus in accordance with claim 6, further in-
cluding sensing means responsive to the attajinment of the
desired orientation of the program-controlled apparatus
in relation to the article on which the work device is to
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trol relation to said program-controlled apparatus for
starting an operation thereof.

10. In combination, a power-driven conveyor and
program-controlled apparatus having a work device and
having a base mounted for movement along said con-
veyor, said program-controlled apparatus including sup-
porting and actuating means for moving said work device
in multiple degrees of freedom, and programmed con-
trol means for said actnating means and for said work
device, drive means for propelling said base reversibly
along said conveyor, a speed-control device for said base
drive means carried by said apparatus, a detector respon-
sive to a discrete element identified with an article on
which the work device is to operate, and means control-
led by said detector for establishing fixed orientation of
said speed control device with an element fixed in rela-
tion to such article, said speed control device being ar-
ranged to accelerate and to decelerate said driving means
S0’ as to aftain and maintain synchronous advance of said
base with said conveyor.

11. Apparatus in accordance with claim 10, including
means for releasing said speed-control device after the
program of said program-controlled apparatus is com-
plete, means responsive to release of said speed-control
device for reversing said drive means, and limit-stop con-
trol means for said drive means to arrest the program
controlled apparatus in its initial position.

12. In combination, a power-driven conveyor and
program-controlled apparatus having a work device and
having a base mounted for movement along said con-
veyor, said program-controlled apparatus including sup-
porting and actuating means for moving said work de-
vice in multiple degrees of freedom, and programmed
control means for said actuating means and for said
work device, and drive means for advancing said base in
synchronism with said conveyor and in prescribed orien-
tation with an object on which the work device is to op-
erate, said drive means including a driving device and
a pusher operated by said driving device against an ob-
ject-position indicating element moved in coordination
with said conveyor in fixed relation to such object, there-
by limiting the speed of the driving device, and a direct
driving connection from said pusher to said base for ad-
vancing said base in fixed relation to said object-position
indicating element.

13. Apparatus in accordance with claim 12, further in-
cluding control means operable after completion of the
program of said program-controlled apparatus for restor-
ing said base to a starting position.

14. Apparatus in accordance with claim 12, includ-
ing control means coordinated with the start of said drive
means for initiating operation of said program-controlled
apparatus and including means responsive to completion
of the program thereof for withdrawing said pusher and
reversing said drive means to restore the program-con-
trolled apparatus to its starting location.

15. Programmed apparatus including a base, a work
device, program-controlled means carried by the base for
operating the work device through prescribed motions in
multiple degrees of freedom to various positions at which
the work device is to perform, said program-controlled
means further including a program control record,
program-record operating means, sensing means cooperat-
ing with said record and confro] means responsive to said
sensing means for coordinating and controlling said op-
erating means and said work device, drive means op-
eratively connected to said base for transporting the base
through a prescribed path, and means operatively con-
nected to said program-controlled means and movable
thegewith by said drive means and responsive to a control
element fixed in relation to an article on which said work
device is to perform for initiating a programmed cycle
of motions and operations of said work device relative
to said article and for maintaining prescribed orientation
of the program-controlled apparatus relative to such, ar-
ticle during travel of said base along said path.
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16. Tn combination, a power-driven conveyor for

transporting a succession of articles and having a series
of article-position representing parts thereon, and pro-
gram-controlled apparatus having a work device movable
along said conveyor and operable on said artlcles' succes-
sively, said program-controlled apparatus including sup-
porting and actuating means for moving said work device
in multiple degrees of freedom, and programmed con-
trol means for said actuating means, said apparatus hav-
ing a part engageable with said article-position represent-
ing parts, individually, to couple said program-coptrolled
apparatus to said conveyor mechanically for eff-ec-tmg syn-
chronized travel therewith and with prescribed orientation
of the apparatus relative to the successive articles on the
conveyor, said apparatus having drive means operable
after completion of the program of the programmed con-
trol means to effect reverse travel of said program-con-
trolled apparatus to a starting position.

17. The combination in accordance with claim 16, in-
cluding means operable to release the engagement of said
engageable parts after completion of the program of said
programmed control means and prior to said reverse travel
of the program-controlled apparatus.

18. The combination in accordance with claim 17, in-
cluding means controlled by said program-controlled ap-
paratus for effecting release of said engageable parts.

19, The combination in accordance with claim 17, in-
cluding means operable after travel of said base to a pre-
determined point for releasing said engageable parts.

20. In combination, a conveyor for transporting a suc-
cession of articles along a prescribed path, and program-
controlled apparatus having a work device operable on
said articles and including means for supporting and op-
erating said work device in multiple degrees of freedom
including a motion along the conveyor and reversely, said
program-controlled apparatus including program-control
means and sensing means cooperable therewith for con-
trolling portions of said operating means to effect pre-
scribed operations of the work device, and coordinating
means including article-position indicating means mov-
able coordinately with the conveyor and drive control
means cooperable with said article-position means and
movable coordinately with a portion of said operating
means for adding to said prescribed operations of said
work device a motion along the conveyor at a speed syn-
chronized with the speed of the conveyor and with pre-
scribed orientation relative to each article carried thereby,
%aid apparatus having drive means to effect reverse travel
of the program-controlled apparatus to a starting position
after completion of the program.

21. The combination in accordance with claim 20
wherein said article-position indicating means comprises
a succession of mechanical elements carried by the con-
veyor and said drive control means includes an element
mechanically cooperable with one of said mechanical ele-
ments during a coordinated motion of the conveyor and
the work device as aforesaid, said portion of the operat-
ing means tending to advance the work device along the
conveyor at a speed slightly different from the conveyor
speed, said element and one of said mechanical elements
cooperating therewith enforcing said synchronized speed
of the program-controlled apparatus along the conveyor
and enforcing said prescribed orientation.

22. The combination in accordance with claim 21
wherein the speed of said work-device advancing means
tends to be faster than that of the conveyor and is retarded
when one of said mechanical elements is interposed in
the advancing path of said mechanically cooperable ele-
ment,

23. The combination in accordance with claim 21
wherein one of said succession of mechanical elements
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and the element cooperable therewith form part of a
mechanical connection between said conveyor and said
programmed apparatus, said mechanical connection hav-
ing provision for lost motion for accommodating initial
acceleration of the program-controlled apparatus from rest
and until said synchronized speed and said orientation
are attained. )

24. The combination in accordance with claim 20,
wherein said coordinating means includes drive starting
means for accelerating said apparatus from a stationary
position, and wherein said article-position indicating means
and said drive control means include mechanically co-
operable parts on said conveyor and on said program-con-
trolled apparatus, respectively, said mechanically co-
operable parts forming part of a lost-motion coordinat-
ing coupling between said conveyor and said apparatus
for accommodating at the start of motion of said appara-
tus along the conveyor a departure ©of said program-con-
trolled apparatus from said synchronized speed and from
said prescribed orientation.

25. The combination in accordance with claim 28,
wherein said drive means and said coordinating means in-
clude means for accelerating said work device from rest
to said synchronized speed and into said prescribed orien-
tation.

26. The combination in accordance with claim 28,
wherein said drive means and said coordinating means
include a servo system having a servo master control and
a servo slave actuator, said master control being operable
as a result of the initial cooperation of said drive con-
trol ‘means with one of said article-position indicating
means to- accelerate the work device from a stationary
position to said synchronized speed and into said pre-
scribed orientation.

27. In combination, a power-driven conveyor for trans-
porting a succession of articles and having a series of
article-position representing devices movable coordinate-
ly therewith, and program-controlled apparatus having
a work device operable on said articles successively, said
program-controlled apparatus including supporting means
for movement of said work device in multiple degrees of
freedom, actuating means for said supporting means, and
programmed control means for effecting prescribed mo-
tions of said work device by said actuating means, and
further control means for said actuating means respon-
sive to said series of article-position representing de-
vices, successively, for initiating accelerated advance of at
least part of said supporting means along the conveyor,
said further control means including a part movable in
coordination with said part of said supporting means for
thereafter imparting to the work device a synchronized
speed along the conveyor and effecting prescribed orien-
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motions of the work device resulting from operation of
said programmed control means.
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