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3,306,471
PROGRAMMED APPARATUS
George C. Devel, Brookside Drive,
Greenwich, Conn. 06830
Filed May 19, 1964, Ser. No. 368,550
30 Claims. (CL 214—1)

This is a continuation-in-part of my application Ser.
No. 321,644, filed Nov. 3, 1963, now abandoned.

This invention relates to apparatus for moving a mem-
ber to different positions and, more particularly, to pro-
grammed apparatus for moving a member to different
positions in response to various types of controls.

In some aspects the present invention involves improve-
ments over the apparatus in my Patent No. 2,590,091,
issued March 25, 1952, in my Patent No, 2,988,237, issued
“June 13, 1961, and in my pending application for “Pro-
grammed Article Handling,” Serial No. 226,203 filed
September 26, 1962 now Patent No. 3,279,624. 1In other
aspects the present invention is concerned with novel
concepts for achieving new results. While other appli-
cations of the novel concepts are contemplated, this in-
vention is primarily concerned with apparatus that can
be “taught™ the desired programs by operating the ap-
paratus under manual control and concurrently recording
the programs.

Presently known programmed apparatus of one broad
class for moving a work member to different positions in
space involves what may be termed “point-to-point” con-
trol. In one form of such control, a series of points are
given which establish the path of motion. With the work
member starting at a first position, the coordinates of
a second position are presented to control means which
directs driving means to move the work member to the
second ‘position. In some systeins the coordinates are
represented by numerically coded indicia on a record
medium such as punched paper tape or cards, or as re-
cordings on magnetic media. The above Patent No.
2,988,237 discloses such a system. In -another form of
digital point-to-point control, the program is made up of
digital values representing the distance the work member
is to move from any one position to the next. This pro-
gram is a sequence of increments, rather than a sequence
of absolute coordinates. In other point-to-point systems
the coordinates are represented by analogue quantities
wherein the magnitude of the analogue quantity repre-
sents the desired position. A drum having a sequence of
control pins is an example of the program control unit
in such a system. My application Serial No. 226,203 dis-
closes both analogue and digital point-to-point systems.
In each case, the programmed member moves to the in-
dicated point via a path whose intermediate points are
not represented in the stored programs. The control
means is presented with the representation of a new point
after each given point has been reached, and the driving
cycle is repeated.

Such “point-to-point” control systems have many dis-
advantages. Notably, they can only cause the member
to trace out an approximation of a curvilinear path and
this is executed in the form of a sequence of strokes and
stops.

The increments of movement can be made very short
so that for any desired tolerance the path traced out by
the member is a close approximation of a continuous
contour. While in theory such an approach is feasible,
in practice it is often not econormically practicable. First,
in approximating a complex curved path, a considerable
number of incremental steps are necessary and, since
the coordinates of at least one end point of each incre-
mental step must be presented to the control means, the
required capacity for coordinate storage tends to become
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excessive. Even when the coordinate storage capacity
is not overtaxed by virtue of the type of storage, the time
required for the member to trace out such a complex
curved path is greatly protracted. Tt takes time to set
up the coordinates of each new point and energize the
control means to intermittently step the driving means
through the increment of path to the next point in the
path. As applied to article transferring apparatus, point-
to-point control is suitable where there is no need for
executing complex curvilinear motions rapidly or for re-
peating smoothly curved motions with reasonable speed.
Hence, it should be apparent that “point-to-point” con-
trol wherein the coordinates are represented by either
digital quantities or by analogue quantities has serious
limitations for directing a member through a complex
curvilinear path. “Point-to-point” control also involves
problems of moving the work member at optimum speeds
at different times in each stroke.

In contrast to the “point-to-point” class of programmed
apparatus, there is the “continuous” form of programmed
control. In “continuous” control, the drive means con-
tinuously receives instruction as to how and where to
move. In other words, the drive means is not told
merely the end-points of a series of strokes, but it is con-
stantly told its direction and rate of travel at each instant
during the movement. Template followers are one ex-
ample of continuous-control apparatus. Continuous-
control programmed apparatus is also disclosed in my
Patent No. 2,590,091, mentioned above. Complex curved
motions can readily be executed by continuous-control
apparatus. '

Continuous control has its important limitations. For
reasonable proportions of control records, accuracy is
limited. Convérsely, for a high order of accuracy, an
enormous-capacity control record is needed. Moreover,
in certain types of continuous control there is often a
danger that the apparatus may have dropped out of co-
ordination with the program, ie., that a random’ error
has been introduced.

‘An object of the present invention resides in providing
novel program-controlled apparatus that includes both
point-to-point control and continuous-path control for the
actuator of a work member, together with means for
selecting which program shall be in control at any given
time.

A further object resides in provision of program-
controlled apparatus in which an actuator of a work mem-
ber is subject to control by multiple program-storage
devices, and in which control is transferred from one
such device after one pattern of movement is complete
to another such device to execute a following pattern of
programmed operations.

An additional object relates to novel apparatus com-
prising both continuous-path program control means and
digital-coordinate program control means, further includ-
ing -automatic control means for at times causing opera-
tion under continuous-path control to be transferred to
digital control for correcting errors and improving accu-
racy of position at such times.

It is another object of the invention to obtain the
capability of complex movement inherent in “continuous”
control and the precision inherent in “point-to-point”
control.

Briefly, according to this aspect of the invention, ap-
paratus is contemplated which includes means for moving
a work member through programmed motions. The
moving means is controlled by first programmed means
for directing the work member to move in accordance
with a prescribed type of motion, e.g., continuous path
control, and by second means for directing the member
to move to a specific position, e.g., point-to-point control.
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Programmed means is also provided to seléct the first or
the second means to control the movement of the work
member at different times in a program.

In one application of this concept, the type of control
can be selected. and changed automatically at different
portions of the path of travel to achieve optimum per-
formance characteristics at each part of a whole pro-
grammed sequence of motions. In a modified form of
this, continuous control is employed until the member is
within a predetermined range of the desired position and
then point-to-point control is automatically called into
operation. In this way, the work member is moved
through a complex path at optimum speeds at different
parts of the path, and the work member is positioned ac-
curately at certain critical points along such path.

In another application of .this concept, the continuous
type of control is the primary control used, and at inter-
vals the point-to-point type of control is brought into
effect to preclude the possibility of the apparatus having
dropped out of coordination with its continuous-control.

A broader aspect of this concept resides in the provision
of multiple program control means, together with means
for subjecting the actuator of the work member to control
by selected ones of the program control means in pro-
grammed sequence. Specifically, a first program control
means may control a series of point-to-point or even con-
tinuous path control steps followed by a shift to a second
program control means which controls a second series of
point-to-point control steps which is then followed by a
return of control to the first program control means, It
should be apparent that such a concept is useful when only
a limited portion of a control program is subject to fre-
quent change. Therefore, it is only necessary to.change
the program of the second program control means and
not the entire program. It is also useful where a brief
sequence of motions is repeated many times between steps
of a much longer program, as in pallet-loading or unload-
ing.

Other features of the invention are.concerned with
moving the work member through various degrees of
freedom. Still other features of the invention are con-
cerned with the control means for causing actuators to
perform the point-to-point and continuous path motions.

The nature of the various aspects of the invention, in-
cluding the foregoing and other objects and novel fea-
tures, will be more fully appreciated from the following
detailed description. of the illustrative embodiment of the
invention shown in the accompanying drawings, this em-
bodiment being presently preferred but being nevertheless
given by way of example. and illustrative of the novel
concepts involved.

In the drawings:

FIGURE 1 is a top view of a system . incorporating
the invention for moving work pieces from a first con-
veyor belt via an operation station to a.second conveyor
belt; )

FIGURE la is a top view of a pallet which may be
substituted for the second conveyor belt of FIG. 1;

FIGURES 24, 2b, 2c, and 2d are diagrams of the cen-
tral control of the work-member moving apparatus of
FIG. 1 wherein—

FIG. 2a schematically shows digital and function pro-
gram storage apparatus, ‘ .

FIG. 2b shows .schematically the teach-operate mode
of control, )

FIG. 2c¢ shows sequence controls in schematic form,
and

FIG. 2d shows the erase-write controls.

FIGURE 3 is a schematic of jaw control means;

FIGURE 4 is a diagram representing point-to-point
and continuous controls and the drive means associated
with one ‘degree of freedom of the programmed member;

FIGURE 5¢ is a curve showing the variation of flux
density  of the magnetic recording on the recording
means of FIG. 5b; '
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FIGURE 5b shows a front view of the transducer
means associated with the continuous controls of FIG. 4;

FIGURE 5¢ shows a rear view of the transducer means
of FIG. 5b;

" FIGURE 6 shows a digital comparator employed by
the point-to-point controls of FIG. 4;

FIGURES 74, 7b, 7c and 7d are diagrams of auxiliary
central controls of the work-member moving apparatus
of FIG. 1 which are employed during portions of a
work-member moving program which may be periodical-
ly changed (modified) wherein

FIGURE 7a shows digital and function program stor-
age apparatus,

FIGURE 7b shows schematically the modify mode con-
trol apparatus,

FIGURE 7c¢ shows sequence controls in schematic
form, and

FIGURE. 7d shows the erase controls;

FIGURE 8 is a diagram representing an alternate
embodiment of point-to-point and continuous controls
and the drive means associated with one degree of free-
dom of the programmed member.

FIGURE 9 is a lateral view, partly in cross-section, of
an article transfer unit incorporating control apparatus
of FIGS. 1-7, inclusive;

FIGURE 10 is a plan view, partly in cross-section, of
the apparatus of FIG. 9;

FIGURE 11 is a plan view, partly in cross-section, at
the plane 11—11 of FIG. 9, showing a detail of the ap-
paratus of FIG. 9; and

FIGURE 12 is an enlarged cross-section of the left-
hand end of FIG. 10.

In FIG. 1 a teachable program controlling article trans-
fer apparatus is shown diagrammatically. Details of
such apparatus are more fully shown in FIGS. 9-12.
In FIG. 1, jaw-carrying arm 10 constitutes a work-mem-
ber that transfers workpieces' 12 from a first conveyor
belt 14 to a paint or chemical spraying station 15. This
station represents any of a wide range of work opera-
tions, -and includes internal means (not shown) that
initiates a work cycle of operations in response to an
impressed signal and emits a signal upon completion of
its own cycle, -as in application Serial No. 226;203,
mentioned above. After the spraying operation, arin 10
moves the workpiece 12 to the conveyor belt 16. - Prior to
the actual repetitive transfer of the workpiece: 12, the
arm 10 had been taught to carry out this program of
operations. The arm 18 can perform -several types of
movement, including a radial traverse wherein the arm ei-
ther extends or retracts, i.e., in an “in-and-out” movéement;
a twist or swivel motion wherein the jaws 104 can rotate
about the major axis of the arm; a rotational traverse
wherein the arm can sweep about the vertical axis X
of FIG. 1, i.e., a horizontal sweep -or: azimuth movement;
and a jaw gripping movement wherein the jaws 10q
can be opened and closed. Other types of movement such
as vertical movement and “wrist bend” movement:can
be incorporated in the mechanical arm 10, as will be
seen in FIGS. 9-12. However, for simplicity, the me-
chanical arm 19 will here be described for executing the
above specifically mentioned movements.. Each of the
movements can' be considered.as a degree: of freedom
of the arm 10. Each position in the range of movement
of any degree of freedom can. be considered as a co-
ordinate of that degree of freedom. Furthermore, the
position of the jaws 10a at any time will be considered
as the position of the arm 10. An illustrative sequence of
motions is as. follows.

Initially, the jaws 10z are open -and are at the position
A. The first step of the program causes' the radial
actuator 10c (shown as a hydraulic actuator) to move the
jaws 10a to position B. Under program control, jaws
19a-are caused to close by virtue of the solenoid actuator
10b, so as to grasp a workpiece 12. During the next.
step of the program, the radial actuator 10c and .the rg=
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tational actuator 10e cooperate to move the mechanical
arm 10 such that a workpiece 12 which is now held by
the jaws 10a travels along the indicated path BC from
point B to point C. During this combined radjal and
sweeping traverse, the jaw supporting member 10f may
be caused to swivel 90 degrees by actuator 104 (shown
as a controlled drive element and a gear on a splined
shaft) so that a desired face of the workpiece 124 is
positioned upward on the work support 155 of the work
station 15. When the workpiece 12 rests on the support
155 the jaw actuator 105 causes jaws 10a to open. Radial
actuator 10c then takes over to retract the mechanical
arm 10 to the position D. When the mechanical arm 10
reaches the position D, the master control 11 of the
article transfer apparatus sends a signal via the XOPC
line to the control unit 15¢ of the spraying station 15.
The door 154 of spraying station 15 closes and the
spraying process begins. The spraying process may in-
volve, for example, first masking portions of the work-
piece 12 followed by spraying and quick-dry operations.

At the end of the spraying operation, the control 15¢
sends a signal via the EXOP signal line to the master
control 11 of the transfer apparatus. Upon receipt of
this signal, master control 11 alerts the radial actuator
10c to direct the arm 10 back to the position C. The
jaw -actuator 104 again operates, causing the jaws 10a to
grasp the workpiece 12 followed by operation of radial
actuator 10c and sweep actuator 10e which direct the
mechanical arm 19 along the path CE to the point E.
When the mechanical arm 10 reaches the point E, jaw
actuator 105 again operates causing jaws 10z to open,
depositing the workpiece 12 on the conveyor belt 16.
Finally, actuator 10e sweeps the mechanical arm 10 back
via path EA to the position A which is the starting
position of an article transfer operation.

Following return of arm 19 to position A, the article
transfer operation will be repeated when a succeeding
workpiece such as workpiece 12b interrupts the light
beam from the light source 14q to the photocell 14b.
At that time the response of photocell 145 will send a
control signal via the PSP signal line to master control
11. Member 14c supported clear of conveyor belt 14
provides a “back stop” for the workpiece 12.

The article transfer operation will now be analyzed in
greater detail, particularly pointing out the features of
the operation. It should first be noted that the operation
starts in response to an external control signal, namely
the PSP signal from the photocell 14b, when a workpiece
-12 interrupts the light beam transmitted by the light
source 14a to the photocell 145. The radial movement
from the point A to the point B is a point-to-point control
operation wherein the final coordinate, ie., point B, is
presented to the radial actuator 10¢ by master control 11,
This operation is here considered to involve only one de-
gree of freedom, the “in-out” motion of the mechanical
arm 10, although a concurrent or subsequent downward
motion might also be used. At the point B, the jaw ac-
tuator 105 is activated to cause the jaws 10a to grasp the
workpiece 12. The next step of the operation causes the
tracing out of a complex path of motion, from the point
B around the obstacle represented by the walls of the
spraying station 15 via the narrow access port 15¢ of the
spraying enclosure and onto the spraying support 15p.
Furthermore, superimposed upon this motion is a rota-
tion of the workpiece by 90 degrees.

The basic motion between the points B and C involves
first the continuous control of motion with two degrees
of freedom, namely the in-out or radial motion and the'
sweeping motion of the mechanical arm 16. Accord-
ingly, during the traverse along this path, the radial actua-
tor 10c and the sweep actuator 10e simultaneously op-
erate under control of continuous-path control means de-
scribed below, following recorded control contours, The
jaws 104 follow the path designated by the line BC. Fur-
thermore, superimposed upon this continuous control is
a point-to-point control function performed by the swivel
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actuator 104 which causes the jaw support member 10f
to rotate 90 degrees. That is, during the motion of arm
10 from point B to point C, the swivel actuator 104 is pre-
sented by master control 11 with g coordinate indicating
a final swivel position for jaws 10a. At the point C, the
workpiece is deposited on the blocks 15f. Generally the
signals representing the path contour will direct the me-
chanical arm 10 to a close approximation of the point C.
Then the radial actuator 10¢ and sweeping actnator 10e
are switched to point-to-point control by being fed sig-
nals from master control 11 Tepresenting the precise co-
ordinates of the point C with respect to these two degrees
of freedom. The mechanical arm 10 is then directed to
these precise coordinates from whatever point it was left
by the continuous-control operation. The workpiece may
have locating holes to be precisely aligned with corre-
sponding pins in the spraying apparatus, or the work-
piece may require precise orientation relative to a mask
forming part of the spraying apparatus. These are ex-
amples illustrating possible need for precise positioning
of the workpiece, the details of the spraying apparatus
forming no part of the present invention,

The jaws 16a are opened in response to a signal re-
ceived by jaw actuator 105 from master control 11, The
travel from point C to D is a point-to-point control opera-
tion of the radial actuator 10c. When the jaws 104 first
reach the point D, the master control 11 emits a control
signal to an external device, that is, spraying station 15,
causing it to perform a cycle of operations. At the end
of the spray cycle of operations, the spraying apparatus
transmits a control signal to master control 11 which
causes the mechanical arm 10 to resume its transfer op-
eration by executing the stroke DC under point-to-point
control. The next movement of the jaws 104, from the
point C to the point E, is another complex curved mo-
tion such as the motion between the points B and C. This
is executed by the simultaneous application of two con-
tinuous controls to carry out most of the motion. The
motion is completed under point-to-point control. In par-
ticular, the radial actuator 1@c and the sweep actuator 10e
Cooperate to cause the jaws 18z to move in the path in-
dicated by the line CE. During the first part of this mo-
tion, the swivel actuator 10d operates under point-to-point
control to direct the jaw support 10f to rotate back 90
degrees to its initial position, to orient the workpiece cor-
rectly for deposit on conveyor 16. It should be noted
that if there is any uncertainty as to when the swivel mo-
tion actually occurs during the path indicated by the line
CE and there is the possibility of workpiece 12 in its ro-
tated position not clearing the access path 1S5e, the control
for the path indicated by line CE can be divided into
different steps. For example, a point-to-point swivel
movement can first be performed and then followed by a
continuous path control of radial actuator 18c and sweep-
ing actuator 10e. Furthermore, it is possible to divide
the continuous control path into two separate increments
with the point-to-point swivel movement occutring as a
separate step at the end of travel through the first path
increment.

When the workpiece 12 reaches the point E, another
operation is called for wherein the jaw actuator 19p
merely opens the jaws 10q, depositing the workpiece on
the conveyor belt 16. The last step of the program of
operations is readily executed under point-to-point con-
trol, wherein sweep actuator 10e swings the arm 16 so
that the jaws 10q return to the initial position A. 1In the
above-described operation, the conveyor belts 14 and 16
and the spraying station 15 were all considered to be at
the same level. If they were at different levels, a pro-
gram-controlled vertical actuator (not shown) would
execute vertical motions.

Before proceeding with the detailed description of the
apparatus, several conventions will be established.

(1) Quite often a signal and the line carrying the
signal will have the same reference designation, for ex-
ample, the FMD signal is carried by the line FMD. In
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some instances, for the sake of simplicity, a single signal
lead will be shown whereas, in fact, the signal lead may
be a two-conductor cable.

(2) Several logical elements are used extensively in
the apparatus. These include an “or” circuit, and an
“gnd” circuit, and a “flip-flop.”

The “or” circuit will transmit a signal from its output
whenever a signal is present at any one of its inputs. The
“and” circuit will transmit a signal from its output if and
only if a signal is present at each of its inputs. In the
description, a signal is considered present when it is at a
negative potential and absent when it is at a positive
or ground potential. If a signal is designated as an
inhibiting signal, it will be present when it is at-a positive

or ground potential. Typical “and” and “or” circuits may-

be found at page 32 of “Arithmetic Operations in Digital
Computers,” by R. K. Richards (D. Van Nostrand Com-
pany, Inc., New York, 1955).

The “flip-flop” is a bistable device having a “set” input
S and a “reset” input R, a “1” output 1, and a “0” out-
put 0, which is the logical inverse of the “1” input. The
signal lead from the “1” output employs an unprimed
reference character and the signal lead from the “0” out-
put has a:primed reference character. When the “flip-
flop” receives a signal at its set input it “sets” and a sig-
nal is present at its “1” output. When the “flip-flop” re-
ceives a signal at its Teset input, it is “unset” and a signal
is present at its “0” output., Typical flip-flops can be
found starting at page 160 of “Digital Computer Compo-
nents and Circuits” by R. K. Richards (D. Van Nostrand
Company, Inc., New York, 1957).

In the control circuits to be described, a number of sig-
nals are utilized that are given alphabetic designations.
The following is an index of most of these signals the
figure in the drawings where each signal is generated,
and a brief identification of the signal.

ADS; FIG. 2a; signal indicating both drums and all
continuous-path control memories “have returned to
“home” position, and a new workpiece is available for
transfer. It steps the master drum 20 to the first pro-
. gram slot.

AERSO; FIG. 7d; steps auxiliary drum one slot away
from “home” at end of an “erase” rotation of auxiliary
drum A290.

AERSP; FIG. 7d; return auxiliary drum A20 to home
position at end of recording sequence; energizes erase-
write relay AEWRL.

AFMD; FIG. 7a; auxiliary-drum home-position signal
from auxiliary drum A20.

AHPD; FIG. 7a; returns the auxiliary drum A20 to
home position.

AMSD; FIG. 7a; auxiliary drum stepping signal, used
during recording -operations to index auxiliary drum A29.

AOPS; FIG. 7c; auxiliary drum-stepping signal at com-
pletion of programmed and recording operations asso-
ciated with auxiliary drum.

APP1, APP2, APP3; FIG. 7a; point-to-point signals,
used in program-recording operations of auxiliary drum.

APPC1, APPC2, APPCS3; FIG. 7c; point-to-point sig-
nals, in effect during point-to-point programmed opera-
tions involving the auxiliary drum.

APPD1, APPD2, APPD3; FIG. 7a; point-to-point pro-
gram selecting signals derived from: auxiliary drum A20.

AXI1A, B, C, D; FIG. 7a; poini-to-point digital coordi-
nate signals for radial arm control, derived from point-
to-point portion of auxiliary drum A20. .

BR; FIG. 2c; signal indicating transfer of program
control to auxiliary drum.

BRD: FIG. 2a; signal initiating transfer of program
control to auxiliary drum.

BSD; FIG. 2a; jaw-operating signal, derived from mas-
ter drum 20,

CHA; FIG. 7b; switch signal indicating only auxiliary
drum information is to be changed.

CP1, CP2; FIG. 2a; continuous-path signal, used in

program-recording - operations.
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CPC1, CPC2; FIG. 2c; continuous-path control sig-
nals, in effect during continnous-path programmed ©op-
eration.

CPCY’, CPC%’; FIG. 2c; signal developed at the end of
a continuous-path programmed operation.

CPCD1, CPD2; FIG. 2a; continuous-path program-
selecting signals, derived from master drum 20.

EBR; FIG. 7a; control signal indicating transfer of
control from the auxiliary drum A20 to master drum 20..

ECP1; FIG. 4 or 8; end-of-continuous-path signal for
radial arm movement, derived from continuous-path rec-
ord 72 or 191.

ERSO; FIG. 2d; steps master drum one slot away from
“home™ at end of an “erase” rotation of master drum 20.

ERSP; FIG. 2d; returns master drum 20 to home posi-
tion at end of recording sequence; energizes erase-write
relay EWRL.

EWSWO; FIG. 2d; switch signal initiating erasure of
drums when new information is to be recorded on the
drums.

EXOP; FIG. 1; operating signal to programmed ap-
paratus, from external apparatus.

FMC; FIG. 2a; Signal indicating all continuous-path
control memories or records are at home positions.

FMC1; FIG. 4 or 8; “Home” signal for terminating the
return operation of continuous-path control memory.

FMD; FIG. 2a; Master-drum home-position signal from
master drum 20. Signals FMC and FMD also have many
reset functions).

FMDA; FIG. 7a; Signal which is interpreted as an
auxiliary-drum home-position signal.

HPD; FIG. 2a; Returns the master drum 20 and discs
72 to home position.

TH’; FIG. 2a; an inhibiting signal preventing the spuri-
ous transfer of control signals recorded on the drums
when they are being returned to the home positions.

MBSD; FIG. 2a; switch signal for recording jaw-
control pulse on drum 29.

MEPL, 2, 3; FIGS. 4, 6; end of path signal in point-
to-point operations.

MS; FIG. 2a; manual stepping signal used during re-
cording operations to index either of the drums 29 or
A20.

MSD; FIG. 2a; master drum stepping signal, used dur-
ing recording operations to index drum 28 and to record
end-of-path spots on continuous-path control memory.

OPR; FIG. 2b; operate signal in effect at all- times
during “operate” mode.

OPS; FIG. 2¢; master drum stepping signal at comple-
tion of most programmed operations, and after each re-
cording operation.

PL and PL’; FIG. 7b; concurrent switch signal and its
inverse indicating a pallet loading routine.

PP1, PP2, PP3; FIG. 2a; point-to-point signals, used

in program-recording operations of master drum.

PPC1, PPC2, PPC3; FIG. 2c; point-to-point signals in
effect during point-to-point programmed operations in-
volving master drum 20.

PPCY’, PPC2’, PPC3’; FIG. 2c; signals developed at
the end of each point-to-point operation controlled by
master drum 20.

PPD1, PPD2, PPD3; FIG. 2¢; point-to-point program
selecting signals derived from master drum 20.

PSP; FIG. 1; photocell signal, present when article is
in pick-up position of supply conveyor.

RBR; FIG. 2a; switch signal for recording transfer of
control to auxiliary drum signal on master drum 20.

RCYD; FIG. 2a; signal initiating the return of both
drums to home position. '

REBR; FIG. 7a; switch signal for recording transfer
of control back to master drum signal on auvxiliary drum.

RSD; FIG. 2a; return-step signal from drum 20 at end
of program, causing drum 20 to be returned to home
position.

SP1A, B, C, D; FIG. 4; position-code signals from .
encoder, . .



3,306,471

SP1A’, B, ¢, D’; FIG. 4; complement of signals
SP1A, B, C, D.

SPK1; FIG. 4; sampling-pulse signal, used in compar-
ing point-to-point control and position signals,

TCH; FIG. 2b; teach signal in effect at all times during
“teach” mode.

TCHA; FIG. 7a; signal present during changing of in-
formation on auxiliary drum.

TCHA’; FIG. 7a; signal inhibiting point-to-point oper-
ation under auxiliary-drum control,

X1A, B, C, D; FIG. 2a; point-to-point digital coordi-
nate signals from drum 20 for radial arm control.

X1A’, B, ¢, D’; FIG. 4; complement of signals X1A,
B,C,D.

XOP, XOPC; FIGS. 27 and 2¢ respectively; operating
signals for external apparatus, derived from master drum
20 and flip-flop FF6.

The master control 11 in FIGS, 2a, 2b, 2¢ and 2d is
used to control the mechanical arm 10 through its se-
quence of operations. The sequence of operations is
stored as a plurality of program steps in a memory. The
program steps are sequentially read and are used to direct
the subordinate controls to perform the desired opera-
tions such as particular movements of the mechanical
arm 160.

The memory in FIG. 24 is shown, by way of example,
as magnetic drum' 20 having a plurality of tracks circum-
ferentially disposed about its outer periphery. Drum 20
includes both point-to-point program recordings and
master-drum  recordings for coordination and special
functions. Reading heads RH are disposed opposite the
tracks and are positioned to sense magnetic spots or areas
of magnetization on the tracks and to provide an output
depending upon the state of magnetization of the portion
of the track that is opposite the reading head.

These areas or spots positioned opposite the reading
heads RH at any one time form a control or program
“slot.” The reading heads R in this embodiment are
of a well-known type that is capable of sensing areas or
spots of magnetization when there is no relative motion
between the magnetic drum 2¢ and the reading head RH.
Such heads have been conveniently called “at rest” read-
ing heads. Although many embodiments of these read-
ing heads are well known in the art, such a reading head
may be of the form shown in my Patent No. 2,988,237,
issued June 13, 1961, for Programmed Article Transfer,
For convenience it will be assumed that the tracks on
magnetic drum 20 are either magnetized or unmagnetized
to distinguish “on” and “off” conditions. When there is
a magnetic spot under this assumption it will be under-
stood that the magnetic reading heads RH provide an
output, and they do not provide an output when the area
under the associated reading head RH is not magnetized.
Another series of heads, writing heads WH, are disposed
opposite all but the left-most track of the magnetic drum
20. The read heads RH and the write heads WH may
include conventional signal amplifiers if required.

The tracks are divided in the following manner. The
track opposite the reading head RHO has permanently
recorded thereon a single magnetic spot which when sensed
results in the generation of an FMD signal to indicate a
“home” position or slot for the magnetic drum 26. The
track opposite reading head RHE is associated with an
end-of-program control circuit for indexing the drum to
its “home” position. The output of reading head RHE is
connected via the “and” circuit G234 to the RSD signal
line. The track opposite reading head RHB is associated
with circuitry for switching the program control to the
auxiliary drum. That is, whenever a signal is sensed on
this track, program control is shifted for a series of pro-
gram steps to a second drum which stores program steps
which may be frequently altered. The output of reading
head RHB is connected via “and” circuit G23b to the
BRD signal line. The track opposite the reading head
RH1 is associated with the control of the jaws 10a. Mag-
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netic spots sensed therein generate pulses which pass via
“and” circuit G23c¢ to the BSD line. The track opposite
the reading head RH2 is associated with generating exter-
nal control signals XOP for initiating the energization of
the spraying station 15. In particular, the output of read-
ing head RH2 is connected via “and” circuit G23d to the
XOP signal line. The tracks opposite the reading heads
RH3 to RHS inclusive form a band DOF1 of tracks associ-
ated with the radial actuator 10¢c. The four tracks oppo-
site reading heads RH3 to RH6 inclusive are provided
to store digitally (in binary form or in Gray code, for
example) the coded representation of a coordinate to
which the mechanical arm 10 is to move radially., The
coded combination of spots causes the generation of coded
combinations of signals by the read heads RH3 to RH6.
These signals are coupled via “and” circuits G23e to
G23h and “or” circuits B23« to B23d to the X1A to X1D
signal lines. The track opposite the reading head RH7
has recorded thereon continuous-path control signals to
indicate that whenever such a signal is read, the radial
movement to be performed by actuator 10¢ is under con-
tinuous control. The output of reading head RH7 is con-
nected via “and” circuit G23{ to the CPD1 signal line.
The track opposite the reading head RHS$ is provided to
store point-to-point control signals. That is, whenever
one of these signals is read, it indicates that the control
exercised by the radial actuator 16¢ will be to direct the
arm 10 to proceed to a given point indicated by the co-
ordinates being read at that time by the reading heads
RH3 to RHS inclusive. Reading head RHS is coupled via
“and” circuit G23j to the PPD1 signal line. The next band
of tracks or channel DOFZ is similar to the band of tracks
DOF1 and is associated with the sweep actuator 10e. The
third band of tracks or channel DOF3 is similar to the
other bands except that it is associated with the swivel
actuator 104 and does not include a continuous path con-
trol track. Tt should be noted that the X1A to X1D sig-
nals are generated by two sources, i.e., the AX1A to
AX1D signal lines from auxiliary control memory (FIG.
7a) or the outputs of “and” circuit G23e to G23h which
feed respective inputs of “or” circuits B23a to B23d.
When master drum 20 is to supply the point-to-point co-
ordinates “and” circuits G23e to G234 are operative, and
when the auxiliary drum A26 (FIG. 7a) is to supply the
point-to-point coordinates, signals from the auxiliary drum
A20 are on the lines AX1A to AXID, as is hereinafter
described. It should be noted that one input of each of
the “and” circuits G234 to G23j is connected to the out-
put of “and” circuit G23 which receives at respective
inputs the OPR, BR’ and TH’ signals. “And” circuit G23
controls the times when information can be read from
master drum 2. In particular, “and” circuit G23 opens
“and” circuits G23a to G23j when the OPR signal is pres-
ent and the BR’ and TH’ inhibiting signals are absent. The
OPR signal is generated by the teach-operate switch
TOSW (FIG. 2b). The IH’ signal is generated by flip-
flop FF8’ (FIG. 24). And the BR’ signal is generated by
flip-flop FF6’ (FIG. 2¢).

It should also be noted that “or” circuits B234 to B234,
and “and” circuits G23¢ to G23j form output unit QUI.
Similar circuits form output unit OU2 and output unit
OU3 for the second and third channels DOF2 and DOF3,
respectively., :

Master drum 26 is connected via a shaft 22 to a conven-
tional step drive 24, such shown in my pending application,
Serial No. 226,203 cited above, Step drive 24, when
energized, will cause the master drum 20 to step to the
next slot. If the step drive 24 is continuously energized,
the master drum 20 will rotate, step-by-step, until the
energization is terminated, If, however, the step drive
24 is energized by a pulse, the master drum 20 will be
only driven to the next step. Step drive 24 is energized
via amplifier 26 which receives signals from the “or” cir-
cuit B26.

The first input to “or” circuit B29 is the MSD signal
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line which is the output of “and” circuit G279. The
MSD pulse steps the master drum 20 one program slot.
Ore input of *and” circuit G279 is the TCHA’ inhibiting
signal which blocks this circuit during the time program
information is being recorded on amuxiliary drum A20 as
is hereinafter more fully described. The second input of
“and” circuit G279 is the MS signal line connected to the
normally open contact NO of spring return step switch
SSW and via differentiating resistor R1 to ground. The
normally closed contact NC is connected via source of
current B1 to ground; and the moving contact MC is
connected via storage capacitor C7 to ground. Thus,
when step switch SSW is in its normally open state, charge
accumulates on capacitor C1. When the switch is closed,
the charge is discharged by resistor R1 and a pulse is gen-
erated on the MS signal line. This pulse will pass through
“and” circuit G279 if the TCHA’ inhibiting signal is absent
to become the MSD pulse.

The second input to “or” circuit B20 is the ADS signal
line which is connected to the output of “and” circuit
G20 which transmits a pulse generally after both drums
and all continuous-path control memories have returned
to the “home” position and a new workpiece is available
for transfer. It steps the rhaster drum 20 to the first
program slot. The circuitry associated with the genera-
tion of the ADS signal is hereinafter more fully described.
The third input to “or” circuit is the OPS pulse which
occurs at the end of each master drum program step.
The ERSP signal feeds the next input of “or” circuit B20
to insure continuous stepping of master drum 28 during
the erase cycle prior to the recording of a new program
thereon. The BSD pulse which feeds the next input of
“or” circuit B20 occurs whenever the jaw actuator 16b
(FIG. 3) is triggered. The last input is the HPD signal
from flip-flop FF8, which is used to drive master drum
20 to the home position generally after the end of a
completed program routine. The set input of flip-flop
FF8 is connected to the RCYD signal line, which is con-
nected via differentiating capacitor C9 to the output of
“or” circuit B19. The differentiating capacitor C9 insures
that only the leading edge of the signal from “or” circuit
B19 can trigger the flip-flop FF8 to the set state. The in-
puts to “or” circuit B19 are the RSD signal line and the
“1” gutput of flip-flop FF8’. The “0” output of flip-flop
FF8’ transmits the IH’ inhibiting signal, which is only
present during the return of the drums to the home posi-
tion at the end of the teach mode. Flip-flop I8’ has its
set input connected to the RSW switch. - This switch is
only closed to record the return to home position control
spot in last used program slot. Tt should be noted that
the FMD signal line is connected to the reset input of
flip-flop. FF§ to terminate the HPD signal when master
drum 20 reaches the home position. The FMD signal
line and the output of “or” circuit B19” are fed to inputs
of “and” circuit G5 whose output is connected to the reset
input of flip-flop FF8 to terminate the TH’ signal gen-
erally when both drums reach their home positions as is
hereinafter more fully explained. The AFMD and PL
signals feed inputs to “or” circuit B19’. i

The circuits feeding the write heads WH will now be
described. Each of the write heads WH is connected to
a movable contact of a single-pole, double-throw relay
contact set EWRC of an Erase-Write Relay EWRL (FIG.
2d). All the left-hand contacts EWRCN, as shown in
FIG. 2a (considered to be the normally open contacts)
are connected to a High-Frequency Erase Current source
HFE. When the erase-write relay EWRL (FIG. 2d) is
energized, the movable contacts are thrown to the erase
position. The movable contacts engage the respective
left-hand contacts (normally open) and erase current is
fed to all the write heads WH so that any information
previously recorded on the tracks is erased preparatory
to the recording of new information.

When new information is to be recorded the erase-write

relay EWRL is not energized and the movable contacts
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engage the right hand fixed contacts (the normally closed
contacts) EWRCO.

In particular the write head WHE for the end-of-pro-
gram recording is connected via the switch RSW to the
current source B2. The write head WHB is connected
via the RBR line and the BRSW switch to the MSD sig-
nal line. When the BRSW switch is manually closed
by the setup man, and when the MSD signal occurs, a
control spot is recorded on a track of master drum 20
which when read during the operate mode will cause trans-
fer of control to the auxiliary drum as is hereinafter more
fully described. The write head WHI is connected to
signal line MSD via the MBSD signal line and switch
BSW. When the switch BSW is manually closed by the
setup man, and when the MSD signal occurs, a control
spot is recorded on the magnetic track of the drum associ-
ated with the control of jaws 16a. The write head WH2
is connected to signal line MSD through manual switch
ESW. Switch ESW is manually closed whenever it is
desired to record a control spot during the teach mode
related to the energization of the controls in spraying
station 15. The write heads WH3 to WHS inclusive are
respectively connected to outputs of “and” circuits G22¢
to G22f inclusive, whose second inputs are respectively
connected to the SP1A to SP1D signal lines. As is here-
inafter more fully described, the SP1A to SPLD signals
are a binary coded representation of the actual radial
coordinates -of the mechanical arm 16 at every instant
of time. The write head WH?Y is connected to the output
of “and” circuit G22¢ whose second input is connected
to fixed contact 3 of type of Control Switch TCSW1 which
then also transmits the CP1 signal. The write head WHS8
is connected to the output of “and” circuit G22h whose
second input is connected to the fixed contact 2-of the
TCSW1 switch. When a point-to-point control pulse is to
be recorded, the moving contact C is connected to fixed
contact 2 of switch TCSW1 which also generates the PP1
signal in addition to causing the recording of a point-to-
point control pulse. Fixed contacts 2 and 3 of switch
TCSW1 are connected via resistors R12 and R13 to
ground; and moving contact C is connected to the negative
terminal of voltage source B19.

The circuitry including the contact sets of the erase-
write relay contacts EWRCN and EWRCO associated
with the write heads W3 to WHS, the “and” circuits
G22c to G22h, and the switch TCSW1 comprise the Ac-
cess Unit AU1 for the first degree of freedom, that is, for
the radial movement of the mechanical arm 18, Access
unit AU?2 associated with the second degree of feedom
(sweep movement of the mechanical arm 16) includes sim-
ilar “circuitry as does the access unit AU3 of the third
digitally controlled degree of freedom.

Included in master control 11 is a Teach-Operate switch
TOSW which is of the single-pole, double-throw type.
When the teach-operate switch TOSW is in the up posi-
tion, as shown in FIG. 2b, the system is in the operate
mode and the OPR signal is transmitted from the upper
fixed contact. When the switch TOSW is thrown to the
down position, the system is in the teach mode character-
ized by the TCH signal which passes through “or” cir-
cuit B27 to the Teach-Operate Relay TORL. - The
TCHA signal, when present, also energizes the Teach-
Operate Relay TORL. The teach-operate relay T ORL
has a plurality of Relay Contacts sets RC disposed
throughout the system.

The next major element of master control unit 11-is -
the master sequence control which centers around the cir-
cuitry feeding the conventional one-shot multivibrator
MV (FIG. 2¢) which when triggered transmits a master
drum indexing pulse via the OPS line. This pulse is
used to energize the step drive 24 usually upon the com-
pletion of a program step generally during the operate
mode. . The input of the one-shot multivibrator MV is
connected to the output of “or” circuit B291. One input
of “or” circuit B291 is connected to the ERSO signal
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line and the other input to the output of “and” circuit
G24 which transmits a signal at the end of 2 program step
during the operate mode. A first input to “and” circuit
G24 is connected to the OPR signal line to insure that
the “and” circuit only operates during the operate mode.
The remaining inputs to the “and” circuit G24 are from
the “0” outputs of the flip-flops FF1 to FF§’, inclusive.
Accordingly, the “and” circuit G24 will only transmit a
pulse after the last of these flip-flops has been unset dur-
ing the operate mode for insuring that the drum ad-
vances, and a new program step is read from the master
drum 20, only after all the different types of control op-
erations have been performed for the previous program
step. The flip-flop FF1 is concerned with the continuous
control-of the first degree of freedom and is set by a signal
on the CPD1 signal line which is connected to its set
input. Flip-flop FF1 is unset by a signal on the ECP1
signal line which passes via delay line D1 to its reset
input as hereinafter more fully described. The flip-flop
FF2 is concerned with a point-to-point control of the
first degree of freedom and is set by a signal from- the
output of “or” circuit B22. One input of “or” circuit
B22 is connected to the PPD1 signal line and the other
input to the lower contact of switch S1 as shown in FIG.
2c. The moving contact of switch S1 is connected to the
ECP1 signal line and the upper contact to the reset
input of flip-flop FF1.- When switch S1 is in the down
position, -the ECP1 signal will unset flip-flop FF1 and
set flip-flop FF2 to automatically introduce a point-to-
point centrol at the end of a continuous control. When
the switch S1 is in the up position, the ECP1 signal only
unsets flip-flop FF1 and there is no automatic initiation
of point-to-point control. Flip-flop FF2 is unset by a sig-
nal on the MEP1 signal line. The flip-flop FF3 is con-
cerned with the continuous control of the second degree
of freedom and is set by a signal on-the GPD2 signal
line and unset by an ECP2 signal fed via delay line D2.
The flip-flop FF4 is concerned with point-to-point con-
trol of the second degree of freedom and is set by a sig-
nal from the output of “or” circuit B24, One input of
for” circuit B24 is the PPD2 signal line and the other
input to the lower contact of switch S2 as shown in FIG.
2c. The moving contact of switch S2 is connected to the
ECP2 signal line and the upper contact to the unit input
of flipflop FF3. When switch S2 is in the down posi-
tion, the ECP2 signal unsets flip-flop FF3 and sets flip-
flop FF4 causing an automatic point-to-point control to
follow a continuous control. - When the switch S2 is in
the up position, the ECP2 signal only unsets flip-flop FF3
and there is no automatic changeover of control. The
flipflop FF5 is concerned with point-to-point contro] of
the third degree of freedom and is set by a PPD3 signal
and unset by an MEP3 signal. The flip-flop FF§ is con-
cerned with controls associated with the spraying station
15 and is set by a signal on the XOP signal line and un-
set by a signal on the EXOP signal line. The flip-flop
FF6’ associated. with transfer of control to the auxiliary
drum is set by a BRD signal and unset by either an EBR
or REBR signal fed to “or” circuit B23, It should be
noted that the flip-flops FF1 to FE 6’, inclusive, cannot be
set by the CPD, PPD, XOP and BRD signals during the
teach mode because of the control exercised on the “and”
circuit G23 (FIG. 2a) by the OPR signal.

It should also be noted that the set input of the flip-
flop FF2 is connected to the output of “or” circuit B22
so that in addition to being set by the PPD1 signal, it can
also be set by an ECP1 signal. Similarly, the set ter-
minal of the flip-lop FF4 is connected to the output of
“or” circuit B24 so that it can also be set by either the
PPD2 signal or by the ECP2 signal. As will hereinafter
become apparent, this permits a continuous control of a
degree of freedom to be immediately followed by a point-
to-point control in a single program step.

FIG. 2d shows the circuitry for controlling the erasing
of master drum 20 and centers around flip-flops FF9.and
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FF10. The erase-write relay EWRL is energized by flip-
flop FF10 whose “1” output is connected to the ERSP
signal line and the coil of relay EWRL, and whose “0”
output is connected via differentiating capacitor C1 to the
ERSO signal line. The set input of flip-flop FF10 is con-
nected to the output of “and” circuit G203, and the reset
input is connected to the output of “and” circuit G202,
The inputs to “and” circuit G202 are from the “0” output
of flip-flop FF¢ via differentiating capacitor C200, and
from the “1” output of flip-flop FF10 via conventional
lumped-constant delay line D4.

The set input of flip-flop FF9 is connected to the out-
put of “and” circuit G206 whose first input is connected
to the “1” output of flip-flop FF19, whose second input is
connected to the FMD signal line, and whose third input is
connected to the “0” output of flip-flop FFY. The reset
input of flip-flop FF9 is connected to the output of “or”
circuit B209 whose first input is connected to the output
of “and” circuit G261, and whose second input is con-
nected to the output of “and” circuit G203, “And” cir-
cuit G201 has a first input connected to the FMD signal
line and a second input connected to the “1” output of
flip-flop FF9. “And” circuit G203 has a first input con-
nected to the CHA' signal line and a second input con-
nected to the fixed contact of switch EWSW. As will
hereinafter become apparent, the CHA’ signal controls
when the action of switch EWSW can initiate operation
of the circuitry. The fixed contact of said switch is con-
nected {o the EWSWO line and via “hold down” resistor
R15 to ground. The moving contact of switch EWSW
is connected to the negative terminal of voltage source
V1 whose other terminal is grounded.

The circuit generally operates in the following manner.
When the switch EWSW is momentarily closed, provided
the CHA’ inhibiting signal is absent, a signal passes via
“and” circuit G203 to the set input of flip-flop FF10 set-
ting this flip-flop, and via “or” circuit B200 to the unset
input of flip-flop FF9 unsetting this flip-flop. Differentiat-
ing capacitor C2090 and delay line D4 cooperate to insure
that flip-flop FF10 is not immediately unset again. Ca-
pacitor 200 allows only the leading edge of the signal
from the “0” output of flip-flop FF9 to reach “and” cir-
cuit G262, and delay line D4 introduces just enoungh delay
in the arrival of the signal from the “1” output of flip-flop
FF10 at the second input of “and” circuit G202 so that
the leading edge of the signal passed by capacitor C200
is no longer present at the first input of “and” circuit
G202. With the flip-flip FF19 set and flip-flop FF9 unset,
the following conditions exits:. the ERSP signal is being
generated; the relay EWRL is energized; “and” circuits
G262 and G200 are alerted to pass signals; and “and”
circuit G201 is blocked. As will hereinafter become ap-
parent, two FMD signals are received by the circuitry.
The first FMD signal passes through “and” circuit G200
setting flip-flop FF9 which starts generating a signal from
its “1” output and stops generating a signal from its “0”
output. Accordingly, “and” circunit G201 is alerted to
pass signais and “and” circuit G200 is blocked. The sec-

‘ond FMD signal, therefore, passes via “and” circuit G201

and “or” circuit B269 to unset flip-flop FF9. When flip-
flop FF9 unsets the leading edge of the signal from its
“0” output passes via differentiating capacitor C200 and
“and” circuit G202 to unset flip-flop FF10. When flip-
flop FF16 unsets the ERSP signal terminates, the relay
EWRL deenergizes and an ERSO pulse is transmitted by
the differentiating capacitor C1 which is the leading edge
of the signal now being transmitted from the “0” output
of flip-flop FF19. The foregoing operation first provides
for application of erase current to all the erase-write
heads in FIG. 2a and at the same time provides control
for advancing drum 20 continuously from any position
it may be in when switch EWSW is operated to the home
position of the drum and then during a further complete
rotation of drum 29 to its home position.

The erase operation and the continuous advance of



3,308,471

15

drum 20 are ended, and drum 20 then advances one more
step from its home position to its first control “slot.”
This results from unsetting of flip-flop FF10, which gen-
erates an ERSO signal that is fed via “or” circuit B291
to multivibrator MV which produces an OPS pulse for
advancing drum 20 one step. '

FIGURE 3 shows the circuitry for controlling the open-
ing and closing of jaws 18a. Jaw actuator 165 comprises
flip-flop FF7 whose “1” output is connected to one end
of the coil of solenoid L1 whose other end is grounded.
The set input of flip-flop FF7 is connected to the output
of “and” circuit G21 whose first input is connected to
the “0” output of flip-flop FF7 and whose second input
is connected to the output of “or” circuit B25. The in-
puts of “or” circuit B25 are connected to the BSD and
MBSD signal lines. The reset input of flip-flop FF7 is
connected to the output of “or” circuit B29 whose first
input is connected to the FMD signal line and whose sec-
ond input is connected to the output of “gnd” circuit
G21a. The first input of “and” circuit G21a is connected
to the “1” output of flip-flop FF7 and the second input
is connected to the output of “or” circuit B25. Initially
an FMD signal will unset flip-flop FF7 deenergized sole-
noid L1 causing jaws 10a to open. The first signal from
the output of “or” circuit B25 passes through “and” cir-
cuit G21 setting flip-flop FF7 which energizes jaws 10a.
The signal does not pass through “and” circuit G21a for
when flip-flop FF7 is unset, the signal from its “1” out-
put acts as an inhibiitng signal. The second signal from
the output of “or” circuit B25 passes through “and” cir-
cnit G21a (flip-flop FF7 is now set) and via “or” circuit
B29 to unset flip-flop FF7, deenergizing solenoid L1.
Jaws 10a open. The second signal does not pass through
“gnd” circuit G21 since the signal from the “0” output
when the flip-flop FF7 is set acts as an inhibiting signal.
The third signal from “or” circuit B25 will cause the
same action as the first signal, etc. Thus the circuitry
acts as a bistable device in response to received signals
for alternately opening and closing jaws 16a.

FIG. 4 shows primarily the radial control 10c. The
jaw support member 10f and consequently the jaws 10a
are driven by a slave hydraulic actuator 50 comprising 2
piston 50a in a cylinder 50 having ports at each end
which are connected to hydraulic fluid conduits 50¢ and
50d, respectively. When the' pressure in the conduit
50c exceeds the pressure in the conduit 584, the piston
50q is urged to the right, causing the jaws 16a connected
to the jaw support 10f to move radially outward. When
the- pressure in the conduit 50d exceeds the pressure in
the conduit 56¢ the piston 50q is urged to the left, causing
the radial retraction of the jaws 10a. The pressure in
the hydraulic conduits 58¢ and 50d is controlled by the
master valve 52 having a cylinder 52a and a so-called
spool 52b. Spool 52b is appropriately shaped to de-
liver unbalanced hydraulic pressure to either of the hy-
draulic .conduits 58c and 504 when the spoo] is mot
ceritered. A central inlet in the cylinder 52a is connected
via a pressure source conduit 52¢ to-the high pressure
line of hydraulic pressure supply 53. Openings at either
end of the cylinder 52a are connected via conduits 52d
and 52e to the sump end of the hydraulic pressure supply
53. When the spool 52b is moved to the right, the pres-
sure source conduit 52¢ -is connected to the conduit 50d
and . the conduit 52¢ is connected to the conduit 58c, so
that the piston 56a is urged to the left. Similarly, if the
spool 52b is moved to the left, pressure source conduit
52¢ is connected to the hydraulic conduit 50c and conduit
524 is connected to conduit 56d, causing the piston 50a
to move to the right. )

The movement of spool 52b is controlled by the torque
motor 54 which includes a lever arm 54a connected by
a pin-and-slot  connection 53¢ to an extemsion of spool
52b. Lever arm 54a is pivotally mounted by means of a
pin 54b which permits the lever arm 54a to rock clock-
wise or-counterclockwise: Spring. 54¢ connected to lever
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arm 54a is provided to bias the lever arm in a neutral
position, this neutral position being the position wherein
the spool 52b is centered in body 52a. The remainder
of torque motor 54 includes a C-shaped core 54d hav-
ing a winding developed about it. In the gap of the
C-shaped core 54d is disposed the other end of lever 54a,
which carries a polarized magnetic member 54f. With ne
current flowing in the winding 54e the element 54f is in a
neutral position midway between the pole pieces of the
core 54d by virtue of the- biasing. action of the spring
54b. Consequently the spool 525 is in a neutral position.
However, when current in a first direction flows through
winding 54e, the polarized element 54f is attracted to-
wards one of the pole pieces, for example, the left hand
pole piece. Accordingly, the lever arm 54a moves the
spool 52b to the right. Similarly, if current flows in the
winding 54e in the opposite direction, the spool 525 will
be moved to the left. The magnitude of the current flow
determines the displacement of the spool 52b and conse-
quently theipressure difference in the hydraulic conduits
5¢c and 50d. The ends of the windings 54e are con-
nected to the moving contacts of the contact sets RC1
and RC2 of the teach-operate relay TORL (FIG. 2).
When the teach-operate relay is in the teach mode, the
moving contacts of the contact sets RC1 and RC2 are
connected to-a manually controlled source of current 59.

The manually controlled source of current 59 includes
the potentiometers 59z and 595 whose moving contacts
are mechanically connected together and ganged to the
control knob 59c. The ends of the resistance portions
of the potentiometers 59a and 59b are connected to volt-
age sources plus V and minus V so that current is fed
in a push-pull manner to the winding 54e. Displace-
ment of the moving contacts of the potentiometers to
either side of a center line of the resistance will cause a
change in the direction of current flow. Similarly, as the
displacement of the moving contacts of the potentiometer
increase with respect to the cemter or neutral position,
the magnitude of the current increases. Thus, during the
teach mode a setup man need merely rotate the control
knob 59¢ or similar control device in the desired direc-
tion and to the desired amount to move the jaws 10a in
a radial direction.

Mechanically connected to the jaw support 10f is the
position encoder 56 (see also FIG. 2a) having five tracks
in the drawing. The position encoder is shown in both
FIG. 4 and FIG. 2a to simplify the description of the
system. Bach track includes coded combinations of seg-
ments wherein, for example, the darkened segments shown
in FIG. 4 carry a negative voltage and the other seg-
ments are insulated. - The coding of the segments 56a to
56d represents digitally the position of the jaw support
10f at each point in its range. While four coded tracks
are shown, usually a much larger number are used, and
a corresponding number of heads WH and RH are in-
cluded in each of the related parts of the master control
11 in FIG. 2a. The track 56e contains closely spaced
regions of alternate voltage carrying segments and in-
sulated segments, and is used to provide strobe or sam-
pling pulses as is hereinafter more fully described.

Tracks 56a to 56e are fixed in relation to cylinder 505b.
Disposed opposite each of the tracks 56a to 56¢ inclusive
are contact brushes 56a’ to 56¢’ inclusive. These contact
brushes mechanically coupled to jaw support 10f for cor-
responding or proportional movements, and the brushes
are driven in unison over their respective tracks as the
jaw support 10f is moved. Each of the brushes 564’ to
864’ is connected to one of the signal lines SP1A to SP1D,
respectively. Consequently, these signal® lines carry: a
coded combination of voltages representative. of the radial
position of the jaws 18a.  The brush 56¢” is connected to
the SPK1 signal line which will transmit sampling pulses.
Accordingly, the lines SP1A to SP1D .always carry ‘the
digital representation of the radial coordinate of the arm
10aq.
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During the operate mode, the winding 54e is connected
to the lines 574 and 57b via the normally closed con-
tacts of the contact sets RC1 and RC2. If a point-to-
point control is called for, the PPC1 signal from main
drum 20 (FIG. 2a) or the APPC1 signal from the aux-
iliary drum A20 (FIG. 7a) will be present at an input
to “or” circuit B50 which energizes. point-to-point re-
lay PPRL via amplifier A30. With the relay PPRL ener-
gized, the relay contacts connect the lines 574 and 57b
to .the outputs of amplifiers A31 and A32, respectively.
By virtue of the action at the “and” circuits G390 and
G31, which respectively - drive the amplifiers A31 and
A32, the only possible condition for these amplifiers is
that either one of the amplifiers is active or neither am-
plifier is active. It is never possible that both amplifiers
are active. The activation of the amplifiers A31 and
A32 is dependent upon a comparison between the actual
radial position of the jaws 18a as indicated by the coded
combination of voltages on the SPIA to SPID signal
lines and the desired final radial position for the jaws 104
as indicated by the coordinates recorded in the active
drum and represented by a coded combination of signals
on the X1A to X1D signal lines. The numbers repre-
sented by these coded combinations of signals are com-
pared by the comparator 58 as. is hereinafter more fully
described.

If the desired final coordinate is greater than the ac-
tual preseatly available coordinate, comparator 58 trans-
mits the SX1 and XS1’ signals to the “and” circuit G39
energizing amplifier A31. If the reverse condition is so,
then the comparator 58 transmits the SX1’ and XS1 sig-
nals to the “and” circuit G31 activating. the amplifier
A32. If the desired and actual coordinates are the same,
the. comparator 58 transmits the MEP? signal via the
MEP1 signal line and neither of the
A32 is energized. -

If the amplifier A31 is energized and consequently the
amplifier A32 is not energized, there is a conventional
current flow from the resistor R1 via the line 57b
through the coil 54e to the line 574 and back to the am-
plifier A31, causing the pivoting of the lever 54a in such
a direction that the arm support 10f connected to piston
59a is driven to the right. If the amplifier A32 is ener-
gized and the amplifier A31 is not energized, current flow
in the opposite direction and the arm support 19f retracts.
If mneither of the amplifiers A31 and A32 is energized,
there is no-current flow through the coil 54¢ and the arm
support 16f does not move.

The PPC1 or APPC1 signal, depending on which drum
is active, is fed via the PPCY or APPCY line to do the
first sampling of the comparator 58. Similarly, the SPK1
pulses from brush 56¢’ are fed to the comparator 58, to
permit sampling during the movement of the arm support
18f. The PPCL and APPC1 signals only permit com-
parisons during appropriate times of the operate mode.

If a programmed continuous-control motion is called
for, the CPC1 signal is generated and fed to amplifier
A33 which energizes the continuous control relay CPRL
and the lines 57a and 57b are connected to the terminals
684 and 68b of the variable current source 69. Variable
current source 66 may be a potentiometer having a re-
sistance element €6c. The mid-point of the resistance
element 68c is connected via a resistor 684 to a negative
voltage —V. The end points of the resistance element
60c are connected respectively to the terminals &6a and
6§b. The moving contact 68e of the poientiometer in-
cludes a resistor connected to a source of positive poten-
tial --V. Thus, when the moving contact 68e is at the
mid-point of the resistor element 68c, no current flows
from the terminals 664 and 60b of the variable current
source 66. ' As the moving contact 60¢ is moved towards
the terminal 60a, current flows from terminal 60a via
lead 57a through coil 54e back through lead 37b to ter-
minal 60b. Similarly, if the moving contact 68e is
moved towards the terminal 60b, current flows from
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terminal 666 via line 57) in the opposite  direction
through coil 54¢ and back to line 57a to terminal 69a.

Accordingly, the displacement of the moving contact
692 on either side of the mid-point determines the direc-
tion of current flow and therefore the direction of move-
ment of the jaw support member 10f. The magnitude
of the displacement of the moving -contact 68e from the
center point determines the magnitude of current flow and
consequently the magnitude of the displacement of the
jaw support 18f. Moving contact 69e. is' controlled by
motor 62 to which it is mechanically connected. o

The control of motor 62 is performed by continuous
control element 78, which will now be described. :

Continuous control element 78 includes a- disc 72 of
magnetizable material which is supported and -rotated
by means of a motor and gearing unit 73 to which it is
connected by shaft 73a. During the teach mode, as s
hereinafter more fully described, magnetic recordings
such as 72« and 725, representing displacements of radial
movement, were recorded on the disc 72.

The recordings are transversely recorded ‘with respect
to the circumferential direction of motion of the disc
72, that is, along a radius at. any given point. The re-
cording is made by a recording head 76 which includes
a C-shaped core 76a (see FIGS. 5b and 5c¢), oriented
along a radius vector of the disc 72. The gap 76b of
the C-shaped core 764 is disposed opposite the. disc 72,
The winding 76c disposed about the core 7§a has one
end grounded and the other erid connected to the lead
77 which, during the teach mode, receives current from
the source -V,

By virtue of the core geometry, a recording having
a transverse flux density such as shown in FIG. Sa is
obtained. The recording has a maximum value at the
center of the track and tapers off on each side of the
track.

Fixed to the recording head 76 (but separated there-
from by a gap) is a reading head 78 which is magnetical-
ly insulated therefrom. The reading head 78 includes
two U-shaped magnetic cores 78z and 78b that are in:
verfed and secured to each other to form a double U
with a magnetic insulator 78c between adjacent arms.
The double U is arranged with its magnetic insulator
78c circumferentially aligned with the gap 76b of the
recording head. The central legs of cores 784 and 78b
extend downward to the level of their outer legs, but
they are shown shortened in FIGS. 5b and Sc so that
their orientation with respect to gap 765 may be readily
seen. A center-tapped coil 784 -is disposed about the
magnetic cores 78z and 78b. Sensing and recording
head 74 (FIG. 4) comprising heads 76 and 78 is mounted
for radial movement adjacent disc 72. The outer arms
78¢ and 78f of the coil 78d are connected to the outer
arms of the center-tapped secondary of transformer 8§9.
The primary winding 8$8b is energized by source of ‘alter-
nating current 94. ) ] :

The center-tapped secondary 88« and the center-tapped
coil 784 form a bridge network. The network is bal-
anced when the magnetic insulator 78¢ is. aligned with
the transverse mid-point of the recordings such as 724
and 72b. Whenever the magnetic insulator 78c¢ is trans-
versely displaced with respect to the center of the re-
cording, the bridge becomes vnbalanced, resulting in .a
change of impedance which causes a sharp phaze shift
in the output of the bridge. At the start of each con-
tinuous control program motion reading head 78 is in the
required position, being brought there by whatever type
of program step had just taken place. :

The bridge output is fed via line 82 and relay contacts
RC4 to a phase-compensated preamplifier 83 which may
optionally include filtering means. The output of phase-
compensated amplifier 83 is fed to amplifier 86 where it
is applied via a transformer 88 to one phase 99 of the
two-phase motor 62. The second phase 92 of the two-
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phase motor 62 is obtained from the source 94 which is
used to energize the transformer 89.

In response to the phase differences, motor 62 drives
the moving contact 60e of the variable source of cur-
rent 60.

In order to close the servo-loop, 4 mechanical coupling
connects the jaw support 10f to unit 74, representing the
assembly of heads 76 ‘and 78. Radial actuator shaft
10f is connected directly or. through a proportioning cou-
pling to both position encoder 56 and to unit 74. Ac-
cordingly, as the unit 74 is displaced with respect to 2
recorded trace such-as recording 72a, an error signal is
fed via ine 82, amplifiers 83 and 86 and transformer 88
to the motor 62. Motor 62 accordingly rotates, driving
the moving contact 60e in an appropriate direction, caus-
ing a-current to flow in the coil 54¢ of the torque motor
54. This current displaces the spool 52b of the master

“hydraulic- actuator 52, resulting in a displacement of the
jaw support 18f.  Asjaw support £8f moves, it also drives
the unit 74 to minimize the error signal and accordingly
follows the contour represented by the recording on the
disc 72. In this manner continuous control is obtainable
for the radial position of the jaws 16a.

Also included on disc 72 are circular ‘control- tracks,
including a conmtrol track upon which are controllably
recorded pulses indicating the end of a continuous-control
path. A dual magnetic read-write head 96, including
an at-rest sensing portion and a D.-C. recording portion,
is disposed opposite a control track of disc 72. The
sensing portion of head 96 is normally connected to the
moving contact of the contact set RC3 of the teach-
operate relay. TORL. The normally open contacts of
set. RC5 are connected through an amplifier to the record-
ing portion of head 96 and to the output of “and” circuit
G394, The inputs to gate G3%a are connected to the
CP1, and MSD signal lines. During the teach mode, the
normally open contacts RCS are closed.  Whenever a
pulse 'is generated at the end of a continuous control
recording during the teach mode, a control mark is
_recorded on the control track. During the operate mode,
the récording is sensed and the signal is fed via amplifier
A35 and the normally closed contacts of set RC3 to the
ECP1 signal line. ‘Amplifier A35 includes a rectifier and
filter so-that it.only transmits a D.-C. pulse in response to
A.-C. signals received from head 96. -

During the teach mode, the “and” circuit G39 under
control of a CP1 signal (FIG. 24) connects the source
-V to the line 77 (FIG. 4) to record the contours. ' The
contact set RC4 of the teach-operate relay TORL are
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closed . during the operaic mode and the output of the .

transducer 74 is disconnected from the amplifier 83 dur-
ing the teach mode. :
“The operation of the drive motor 73 is controlled. by

the relay 73b which, when energized, causes power to be -

applied to said motor.
piifier A36.

Flip-flop FF30. has its “1” output connected to the
input of amplifier A36.  Whenever flip-flop FF30 is set,
amplifier A36 energizes relay 73b. The set input of flip-
fiop FF3¢ is connected via differentiating capacitor C3 to
the output of “or” circuit B32. The signal inputs to “or”
circuit B32 indicate when the flip-flop is to be set. The
CP1 signal associated with the recording of continuous
path control areas for the radial-movement degree of free-
dom during the teach mode will start the motor 73 so
‘that a continuous path can be recorded on a magnetic
recording disc 72. Although a disc is shown, magnetic
tapes can be employed, as is hereinafter described, where

Relay 73b is energized by am-
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a larger capacity is needed. Each degree of freedom -

which is subject to continuous control is equipped with
a disc similar to disc 72. All the discs have drives that

are synchronized, as by means of separate synchronous

motors, and on-off control relays such as relay 73b with
a common A.-C. power source, so that the control traces
for all the degrees of freedom are functionally related to
each other. The CPC1 signal (FIG. 2¢) derived from
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previously recorded continucus path control pulses asso-
ciated with the first degree of freedom can set the flip-
flop FF36¢ during the operate mode. The HPD signal will
set the flip-flop FF30 at the end of a program so that
the discs can be driven to the home or start position.
With flip-flop FF30 set, the amplifier A36 energizes the
relay 73b and drive motor 73 operates. To unset flip-
flop FF30, a signal is required from the output of the
“or” circuit B33. The MSD signal at one input of the
“or” circuit B33 is used to unset the flip-flop during the
teach mode ‘after each program step has been recorded.
The FMC1 signal fed to the second input of “or” circuit
B33 will unset the flip-flop when the disc reaches its home
position. The last input of the “or” circuit B33 is the
signal CPC1’ from flip-flop FF1 in its reset state.

Whenever the program is to be changed, the discs-72
are demagnetized (by means not shown) or replaced by
magnetically neutral discs and the old discs are stored in
a library for possible use at a later time.  ~

A separate control track on each of the discs is used to
indicate the start of a program. Opposite this control

‘track on disc 72 is a magnetic read-write head 91 which

will sense a record indicating the home point or the
start- of the program. Whenever this record is sensed, it
is amplified by amplifier A37 which transmits an FMC1
pulse.. The pulse is reccrded at the start of the teach
mode as the old program is erased from the magnetic
drum 2§ when the erase-write relay EWRL is energized.
Head 91 is like head 96, in that it includes an at-rest
sensing portion and a D.-C: recording portion. At that
time . the contact sets EWRC1, EWRCZ and EWRC3 of
relay BEWRL are moved to the down position.in FIG. 4.
The charge stored in capacitor C7 passes as a recording
pulse into the recording portion of head 91 .via resistor
R$ and contacts EWRC3. When the relay is returned
to the normal position, the sensing portion of head 21
is connected to amplifier A37 and source B recharges ca-
pacitor C7 via contacts EWRC2 and resistor R9.

Comparator 58 of FIG. 4 is shown in FIG. 6 as a digi-
tal logical network “which indicates one of three condi-
tions, namely: (1) whether the desired final coordinate
has a digital representation greater than the digital rep-
resentation of the presently available coordinate, . ie.,
whether the desired final ccordinate is greater than the
presently available coordinate; (2) whether the digital
representation of the desired final coordinate is less than
the digital representation of the presently avaliable coor-
dinate, and (3) whether the digital representations of the
desired final coordinate and the presently available coor-
dinate-are equal. .

The comparator. 58 includes four bit comparison units,
BCUI1 to BCU4, inclusive. Each of these bit comparison

-units respectively compares a different bit position of the

coordinates. Each of the bit comparison units. BCUL and
BCU4 includes a pair of “and” circuits which receive at
their inputs the signals representing the bits in the posi-
tions they are to compare and ‘Whose outputs drive an
“or” circuit, with the output of the “or” circuit driving
a polarity inverting amplifier.

For example, the bit comparison unit BCU1 inciudes
the “and” circuits G531 and G52 wherein the “and” circuit
(51 has inputs connected to the SP1A and the X1A’ signal
lines, and the “and” circuit G52 has a pair of inputs
respectively connected to the SP1A’ and X1A signal lines.
Signal SP1A’ js the inverse of signal SP1A, and similarly
signal X1A’ is the inverse of signal X1A. These inverse
_signals are provided by the amplifiers 584 and 58b at the
input to comparator 58 (FIG. 4). The outputs of the
“and” circuits G51 and G52 are respectively connected to
inputs of the “or” circuit B51 with the output of the “or”.
circuit B51 connected to the input of the amplifier A51.

Following the bit comparing units BCU1 to BCU4 are
the timed sampling gates, i.e., “and” circuits G59 to G63
inclusive.. Each of these “and” circuits has one input con-
nected via. a capacitor C59 to the output of “or” circuit
B57 which transmits sampling pulses. At the start of
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Operation, the PPCY signal or APPC1 signal is present at
one input of “or” circuit BS7 and constitutes the first
sampling pulse. The outputs of the “and” circuits G59
to G62 are fed to inputs of “or” circuit B55 whose output
is connected to the set input terminal of a flip-flop FF51.
When flip-flop FF51 is set, it indicates that the presently
available coordinate is greater than the desired fina] co-
ordinate, .

The output of “and” circuit G63 is fed to the set input
terminal of flip-flop FF53. When flip-flop FF53 is set, it
indicates that the desired final coordinate is equal to the
available coordinate. The “0” outputs of the flip-flops
FF51 and FF53 feed inputs of “and” circuit G64 whose
third input receives a sampling pulse via the delay line
DS1.  The output of “and” circuit G64 feeds the set input
terminal of flip-flop FE52 which when set indicates the
presently available coordinate is less than the desired final
coordinate. The PPC1i and APPC1 signals feed inputs of
“or” circuit B57a whose output feeds “and” circuits GE3,
G54 and G65 to insure that comparator 58 operates dur-
ing the operate mode only when point-to-point control is
called for. :

The operation of comparator 58 will now be described.
Assume first that the most significant bit of the presently
available coordinate is greater than the most significant
bit of the desired final coordinate. Accordingly, the sig-
nals on the line SP1A will represent binary 1 and the
signal on the line X1A will represent binary 0. Then the
signal on the line X1A’ (its inverse) represents binary 1.
Accordingly,
“and” circuit G51 to one input of “and” circuit G359,
When “and” circuit G59 is sampled by a sampling pulse
from “or” circuit B57, the binary 1 passes the sampling
pulse through “and” circuit G59 and “or” circuit B55 to
the set input terminal of flip-flop FF51. Flip-flop FF51
accordingly sets and generates the SX1 signal from its
“1” output terminal. .

The presence of the SX1 signal indicates that the de-
sired final coordinate is less than the presently available
coordinate, or that the presently available coordinate is
greater than the desired final coordinate. If the most
significant bits of the desired and available coordinates
are equal, then neither “and” circuit G51 nor “and” cir-
cuit G52 passes a binary 1 and consequently the amplifier
AS1 receives a binary 0 from the “or” circuit B51. How-
ever, because the amplifier A51 only has an inverting out~
put, the inverting output transmits a binary 1 to inputs
of the “and” circuits G69 to. G63, inclusive. These gates
are alerted to permit the magnitude comparison to depend
on the lower order significant bits of the coordinates.

If an inequality exists, regardless of the direction of ¢

inequality, between the most significant bit of the desired
final coordinate and the most significant bit of the pres-
ently available coordinate, either “and” circuit G51 or
G52 will pass a binary 1 and the amplifier A51 will trans-
mit a binary 0 which inhibits the “and” circuits G66 to
G#63, inclusive.

The binary comparing unit BCU?2 Operates in a similar
manner to compare the second-most significant bits of
the desired and available coordinates. The resulting com-
parison by this unit has no effect unless the most signifi-
cant bits of the desired and available coordinates are equal
because of the control of the output of amplifier A51
on the “and” circuit G6¢. In particular, only if the most
significant bits are equal will the “and” circuit G608 be
altered, -and if the second-most significant bits of the avail-
able coordinate is greater than the second most significant
bit of the desired coordinate a binary 1 will pass through
the “and” circuit G60 when it is sampled by the sampling
pulse. If the “and” circuit G60 passes a binary 1, it is
fed via “or” circuit BSS to the set input of flip-flop FF51
which sets (unless it is already set) and starts generating
the SX1 signal from its “17” output terminal. If the
second-most significant bits are equal, then neither the
“and” circuit G53 nor the “and” circuit G54 will pass a
binary 1, and consequently the output of amplifier A52

a signal representing binary 1 passes through 3
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will transmit a binary 1 which alerts the “and” circuits
G61 to G63 inclusive to permit the sampling of the lower
order bits of the coordinates. However, if the second-
most significant bits are different in either direction, the
amplifier AS2, just as the amplifier A51 operated, will
prevent any sampling by the “and” circuits G61 to G§3,
inclusive. The binary comparing units BCU3 and BCU4
operate in a similar manner to compare the third-most
significant and the least significant bit, respectively. .

In recapitulation, it is seen that the highest order bit
comparing unit which first shows that the associated bit
of the presently available coordinate is greater than the
associated bit of the desired final coordinate, causes the
setting of the flip-fiop FF51 and effectively prevents any
effect by the comparisons of the lower order bits.

If the bits representing the desired final coordinate are
all equal to the bits represented by the presently available
coordinate, then all the inputs to the “and” circuit G63
will be at binary 1 and when the sampling pulse occurs
a binary 1 is passed to the set input terminal of flip-
flop FF53 which starts generating the MEPI signal from
its “1” output terminal. The MEP1 signal indicates that
the coordinates are equal.

The “0” output terminals of both the flip-flop FF51
and FF33 are connected to inputs of the “and” circuit
G64. If both of these flip-fiops are not set, the sampling
pulse which passes through delay line D51 causes a
binary 1 to pass through “and” circuit G64, setting the
flip-fiop FF52. When the flip-flop FF52, is set, it gen-
erates the XS1 signal which indicates that the desired
final coordinate is less than the presently available co-
ordinate.

It will be apparent from the foregoing discussion that
only one of the flip-flops FF51 and RE53 can be set ai
any one time to indicate the sign of the inequality of the
coordinates being compared. Furthermore, as soon as the
flipflop FF53 is set and thus represents equality of the
coordinates being compared, the MEP1 signal is fed via
a delay line D52 to an input of “or” circuit B5$ to unset
either set flip-flop FF31 or FF52 as well as the fip-flop
FF53. The delay introduced by delay line D52 is suf-
ficient to allow the MEPi signal to be an operative pulse.
At the start of operations, the FMD signal (FIG. 2a)
passes as a pulse via the “or” circuit B55 to the reset input
terminals of the flip-flops FE51 to FF53, inclusive, to
initially insure these flip-flops are cleared.

Normally, during operation, the initial comparison of
the desired coordinates and the available coordinates re-
sults in the setting of either one of the flip-flops FF51 or
FF82. If, for example, the flip-flop FF51 is set, then the
SX1 signal is generated. The SXil signal, as seea in
FIG. 4, passes through “and” circuit G30 and, as hereto-
fore. described, will cause the mechanical arm 18q to
move, say, radially backward or retract, As it retracts,
further comparisons are performed and finally the avail-
able coordinate equals the desired final coordinate. At
that time the “and” circuit G63 will pass a binary 1 which
sets the flip-flop FF53 generating the MEP1 signal which
resets the flip-flop FF51 as previously described. When
the MEP1 signal is generated, indicating this equality,
the SX1 signal terminates, both outlet sides of valve 52
close, and consequently the radial movement of the me-
chanical arm 16aq stops.

Although a specific example of the comparator 58 has
been shown and described in detail, many comparators
which perform similar functions may be used. Thus a
direction-of-motion function control can be included in
the program drum, and then a simple coincidence deatector
can be used, as in my -above-mentioned Patent No.
2,988,237,

The operation of the system will first be described with-
out considering the ability to modify the program. In-
itially, a new disc is placed on the drive shaft 73a (FIG.
4) and on the synchronized drive shafts of other degrees
of freedom by the setup man. The teach-operate switch
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TOSW is adjusted to the teach position and then erase-
write switch EWSW (FIG. 2d) is closed manually for a
moment. A signal is sent via “and” circuit G263 and
“or” circuit B20® to the reset terminal of flip-flop FF9
(FIG. 2d) and to the set terminal of flip-flop FF10. For
the time being it will be assumed that the CHA’ inhibit-
ing signal associated with modifying the program is not
present. - Flip-flop FF? is unset and FF10 is set. When
flip-fiop. FF10 sets, it generates the ERSP signal which
is fed via “or” circuit B2¢ to amplifier A26 (FIG. 2a),
causing the activation of step drive 24 as Jong as it is
present.. The ERSP signal also energizes relay EWRL
(FIG. 2d). -The contacts EWRCN connect the write
heads WH to the source of erase current HFE (FIG.
2a) and the contacts EWRCS3 operate to record the “home”
pulse on disc 72 (FIG. 4) as previously described.  When
master drum 20 (FIG. 2a) rotates to the program stot
where its “home” pulse is recorded, ie. the “home” pro-
gram slot, read head RHO transmits an FMD pulse which
passes via “and” circuit. G249 (FIG. 2d) to set flip-flop
FF9. When the master drum 2¢. again reaches the pro-
gram slot containing the “home” pulse, the FMD pulse
is again generated and this time passes through “and”
circuit G291 to unset flip-flop FF9. As flip-lop FF9 un-
sets, it transmits a signal via capacitor C28% and “and”
circuit G262 to the reset terminal of flip-flop FF1® which
unsets. Accordingly, the ERSP signal terminates, ending
continuous stepping by step drive 24, and the erase-write
relay EWRL is deenergized, ending erasing of the tracks

on magnetic drum 20, The “0” output of flip-flop FFid ¢

then transmits an ERSO signal which passes via capacitor
C1-to “or” circuit B221 (FIG. 2c) to trigger one-shot
multivibrator MV. . The GPS pulse generated by multi-
vibrator MV passes through “or” circuit B26 (FIG. 2a)

to amplifier. A26 causing step drive 24 to rotate master -«

drum 20 to the first program siot past the home position.
Accordingly, all the. program slots of master drum 29
have been erased, the master drum 28 is at rest at the
first program slot after the “home”- slot, and a “home”
‘pulse has been recorded on disc 72 (FIG. 4).

The setup man positions the type of control switches
such as TCSWi1 (FIG. 2a) to position 2, and then by
means of controls (such as manual control 59, FiG. 4,
for the first degree of freedom) moves the jaws 18a to
positien B (FIG. 1). When he is satisfied with the. posi-
tioning in all the degress of freedom, he rmomentarily
depresses step switch 88W (FIG. 2a) which generates an
MS signal that is fed via “and” circuit G279 and the
MSD- signal line to “and” circuits in access units AUL,
AU?2 and AU3 for ali three of the. degrees of freedom.
The inhibiting TCHA' signal is not present at “and” cir-
cuit G279 since it is only present when recordings are
to be made on the auxiliary drum. It will be recalled
that signal lines SP1A, B, C and D, SP2A, B, C and D,

and SP3A, B, C and D at this time carry signals represent- !

ing digitally the actual coordinates of the mechanical arm
18. The MSD signal gates these coordinates particularly
via “and” circuits, such as G22c, G224, G22e and G227,
to the drite heads such as WH3 to WM inclusive. At
the same time a point-to-point coatrol puise is recorded
by write heads such as WIS for the first degree of free-
dom by virtue of the MSD pulse and the voltage present

on the PP1 signal line from the contact 2 of the type of.

coatrol switch TCSW1. There has thus been recorded in
the first program slot a point-to-point control spot and
the coded combination of areas of magnetization repre-
senting the desired first position of the jaws 18a in the
program. The MSD pulse is also fed via “or” circuit
P26 to amplifier A2§ which energizes step drive 24 caus-
ing magnetic drum 29 to step to the next program slot.
For the next step of the program, the setup man merely
closes the control switch BSW (FIG. 2a)- associated with
the opening and closing of jaws -10a and also the step
switch SSW. This time a magnetic spot is recorded by
iwrite. head WH1 in responses to the generated MB3D
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signal, the magnetic drum 20 is stepped to the next-pro-
gram slot in the usual manner, and the MBSD pulse pass-
ing through “or” circuit B25 (FIG. 3) sets flip-flop. FF7
closing jaws 10a.

It wiil be recalled that the next program step calls for
the complex movement from point B to point C (FIG. 1).
Accordingly, after having released the switches BSW and
SSW, the setup man positions the switch TCSW1 (FIG.
2a) and the switch TCSW2 to their “3” position and the
switch TCSW3 to the “2” position because “continuous
path controls are to be provided for the first (radial move-
ment) and second (rotational movement) degrees of
freedom and a point-to-point control is to be provided for
the third degree of freedom (swivel movement). The
switches TCSW1 and TCSW?2 respectively generate CP1
and CP2 signals. The CP1 signal is fed via “or” circuit
B32 and capacitor C3 to the set input of flip-flop: FF3§
(FIG. 4) resulting in the rotation of disc 72. The setup
man manipulates controls such as controls 59 by means
5F knobs such as knob 59¢ or even a “joy” stick coordinat-
ing all the controls, to guide the mechanical arm 10
through the path BC including the swivel of the jaws
10a (FIG. 1). The CPI signal at “and” circuit G39
(FIG. 4) causes current flow via line 77 into the recording
head of transducer 74 whereby the recording of the path
is made on disc 72 for the first degree of freedom. At
the same time the CP2 signal is performing a similar
function for the circuitry and disc associated with the
second degree of freedom. Discs 72 rotate at a uniform
standardized speed, -and therefore the contours recorded
on discs’ 72 not only establish the relationships, con-
tinuously between the various -motions but additionally
‘establish the speeds of the controlled motions at all parts
of the resulting operation. During this time the jaws 10a
rotate 90° in response to manipulations by the setup man
of knobs or the like. When the jaws 10a reach the point
C, the setup man again momentarily  closes the siep
switch S5W which generates the MSD pulse in the usual
manner. - The MSD pulse passes through “or” -circuit
B33 to the resetinput of fiip-flop FF36 which unsets, and
the rotation of the discs 72 terminates. The MSD pulse
also passes, via “and” circuit G3%a, through relay con-
tacts RCS of the teach-operate relay TORL causing the
recording by read-write head 96 of an end of continuous-
path control pulse. ~The MSD pulse also gates the digital
representation of the coordinates of all the degrees of
freedom via “and” circuits such as “and” circuits G22¢ to
G22f for the first degree of freedom (FIG. 2a). In
addition, the MSD control pulse causes heads WH7 and
W13 to record continuous-path control-pulses for the first
and second degress of freedom, the CP1 signal and MSD
pulse cooperate at “and” circuit G22¢ to pass a pulse to
write head WE7. Finally, the MSD pulse causes the
master drum 28 to step to the next program slot in the
‘usual manner. ' e

Next, another jaw-control recording is repeated using
‘switch BSW, and the step switch SSW, causing the jaws to
open by virtue of the MBSD signal now unsetting flip-flop
FF7, preparatory to retracting arm 10.

The setup man, after returning the TCSW2 and TCSW3
to their nentral positions, ie., position “1,” places the
TCSW1 switch to the “2” position and operates control
59 (FIG. 4) causing the mechanical arm 19 to radially
retract.  When the mechanical arm 10 is at the position
D, he momentarily closes the step switch SSW causing, as
described above, the recording of the radial coordinate of
the point D and the point-to-point control spot, and the
stepping of the master drum 28 to the next program slot.
The setup man then moves the TCSW1 switch to the
neutral position, momentarily closes the switch ESW and
then, while switch ESW is closed, momentarily closes the
SSW switch. - In addition to the recording of the coordi-
nates, which- may be of no consequence, the MSD pulse
cooperates with switch ESW to caunse the recording of an
external control pulse by write head WH2.
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‘The -remainder of the program is set up in the same
manner with the final position of the mechanical arm
19 being the position A. The setup man then momen-
tarily depresses the switch RSW causing write head WHE
to record an end-of-program magnetic spot and the setting
of flip-flop FF8” which starts generating the TH' inhibiting
signal.

The setup man then throws the teach-operate switch
TOSW (FIG. 2b) to the operate position, which causes
the generation of the OPR signal and the deenergizing of
the teach-operate relay TORI. The OPR signal alerts
the “and” circnits G24 (FIG. 2¢) which will permit auto-
matic stepping of the master drum 28 when required, and
also makes “and” circuit G23 (FIG. 2a) dependent on
the BR" and IH’ inhibiting signals. At this time, the BR’
inhibiting signal is absent, it being present only when the
auxiliary drum is being accessed as hereinafter described,
and the TH' inhibiting signal is present.

The state of the system at the time the flip-flop FFg’
sets and starts gemerating the IH’ inhibiting signal is as
follows: the write heads WH of master drum 29 are
opposite a program slot only containing an end of pro-
gram signal; the read heads RH can conceivably be oppo-
site a program slot containing control information; discs

2 are stopped with their heads 9§ opposite a control pulse;
and none of the sequence flip-flops FF1 to FF6’ (FIG. 2¢)
is set. These flip-flops cannot be set until the TH inhibit-
ing signal disappears at an input to “and” circuit G23
(FIG. 2a) which blocks the “and” circuits G23a to G23j
(the absence of the OPR signal at “and” eircuit G23 up
to this time causing the blocking action). Furthermore
an ECP1 signal cannot set the fliv-flop FF2 until the IH’
inhibiting signal disappears from “and” circuit G37 (FIG.
4) since this “and” circuit controls transmission of the
ECP1 signal to flip-flop FF2, Accordingly, the mechani-
cal arm 16 remains at peint A, and will remain there at
least until the IH’ inhibiting signal terminates. In par-
ticular, flip-flop FF1 (FIG. 2¢) which generates the
CPC1 signal can only be set by a CPD1 signal from “and”
‘circuit G23j (FIG. 2a). “And” circuit G23i is blocked
during absence of the OPR signal and is now blocked by
presence of TH’ inhibiting signal at “and” circuit G23,
Flip-flop FF2 which generates the PPC1 signal can be set
by a PPD1 signal from “and” circuit G23j which was
blecked and is now blocked in the same manner as “and”
circuit G23i. Flip-flop FF2 can also be set by an ECP1
signal. However, when the OPR signal is absent relay
contact RC3 (FIG. 4) of the teach-operate relay is open,
and now the IH’ inhibiting signal blocks “and” circuit
G37.  Accordingly, no ECP? signal has been generated
and none will be generated until the &/ signal terminates.
A similar analysis helds for the remaining sequence flip-
flops FF3 to FF6’. When the teach-operate relay TORL
is deenergized, relay contacts RC1 and RC2 (FIG. 4)
connect winding 54e to leads 574 and 57b. Since neither
fiip-flop FF1 nor flip-flop FF2 is set, the PPC1 and CPC1
signals are absent (the APPC1 signal is also absent, as is
hereinafter described); therefore, neither relay PPRL nor
relay CPRL is energized. Accordingly, no current flows
via leads 57a and 575 to winding 54e and the actuator 1ef
cannot be driven. A similar action takes place for the
other degrees of freedom, and mechanical arm 16 is locked
at point A.

When the flip-flop FF8’ sets, in addition to generating
the IH’ signal it transmitted a signal from its “1” output
via differentiating capacitor C2 to the set input of flip-
flop FF$ to set flip-flop FFE (FIG. 2a) which starts
generating the HPD signal that is fed via “or” circuit B26
and amplifier A26 to step drive 24, causing the master
drum 29 to rotate in g stepwise manner. The HPD
signal is also fed via “or” circuit B32 to set flip-flop FF3¢
(FIG. 4) causing motors 73 to rotate the discs 72.

When disc 72 reaches the home position, the magnetic
head 91 senses the home-indicating pulse which is ampli-
fied and transmitted by amplifier A37 as the FMCH signal
(FIG. 4) that is fed to one input of “and” circuit G286
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(FIG. 2a). When the second disc 72 reaches the homé
position, it will generate an FMC2 signal and “and”
circuit G289 then generates the FMC signal. 'When the
master drum 20 reaches the home position, read head
RHO transmits an FMD signal that is fed via “or” circuit
B28 (FIG. 3) to the reset terminal of flip-flop FF7 to
insure that the jaws 18 start in the open position. The
FMD pulse passes through “and” circuit G5 to unset flip-
flop FF8’ terminating the TH’ inhibiting signal. For the
present, it will be assumed that the AFMD signal at
the second input of “and” circuit G5 is provided at this
time. The FMD signal also is fed to the reset input of
flip-flop FF8 to terminate the generation of the HPD
signal and the continnous energization of step drive 24.
The FMD signal is fed to the second input of “and” circuit

29 (FIG. 24) where it cooperates with the FMD signal
to await the reception of a PSP signal. The FMDA signal
associated with the auxiliary drum will be present, as is
hereinafter more fully described. The FMD signal is
also fed via “or” circuit B3§ (FIG. 6) to the resst inputs
of flip-fiops FF51 to FF53, so that the comparator 58 is
initially clear. The master drum is now at the home
position, and the system awaits the interruption of the
light beam from source 14q (FIG. 1) to photocell 145
by a workpiece 12. When this occurs the PSP signal so
generated passes via “and” circuit G20 and “or” circuit
B28 to step drive 24 (FIG. 2a), causing master drum 20
to step to the first program slot.

When the first program slot is under the reading heads
RH, reading head RHS8 senses a point-to-point control
pulse that is fed via “and” circnits (23j, the PPD1 signal
line and the “or” circuit B22 to set flip-flop FF2 which
starts generating the PPC1 signal (FIG. 2¢). The PPC1
signal is fed to amplifier A39 which energizes the relay
PPRL (FIG. 4) whose contacts connect the lines 574 and
575 to the outputs of amplifiers A31 and A32, At the
same time, read heads RH3 to RU§ transmit via “and”
circuits GZ3e to G234, “or” circuits B23a to B23d and
lines X1A to X1D a coded combination of signals repre-
senting the radial coordinate of the point B (FIG. 1) to
comparator 58 (FIGS. 4 and 6). Concurrently, the posi-
tion encoder 56 transmits a coded combination of SP1A
to SP1D signals to comparator 58 representing the radial
coordinate for the position A, the last position in which
arm 18 was left. The PPD1 signal sets flip-flop FF2
(FIG. 2¢) and the PPC1 signal performs the initial sam-
pling of “and” circuits G59 to G§3 (FIG. 6), resulting in
the fact, say, that the actual coordinate is less than the
final coordinate, causing the flip-flop FF52 to set and
the flip-flops FF51 and FF53 to remain unset. The coin-
cidence of the XS1 and SX1’ signals at “and” circuit G31
activates amplifier A32, causing current to flow through
coil 54e from line 574 to 57h, which results in the moving
of piston 58q to the right, as heretofore described.
Mechanical arm 1 starts moving radially and the coded
combinations of signals SP1A to SP1D change digitally.
Sampling of the “and” circuits G59 to G63 (FIG. 6) is
now performed by the SPK1 pulses. Finally, the actual
and desired final coordinates are equal and the “and”
circuit G63 transmits a pulse which sets flip-flop FF53
which generates the MEP1 signal. The MEP1 signal is
fed via delay line D32 and “or” circuit B5§ to the reset
inputs ‘of flip-fiops FF51 and FF53. ' Flip-flop FF52 un-
sets, deenergizing amplifier A32, ending the radial drive
of mechanical arm 16. Just before flip-flop FF53 is
unset, the MEP1 unsets flip-flop FF2 (FIG. 2¢). Since
this was the only control flip-flop that had been set, its
unsetting causes the signal generated by its “0” output
terminal to pass through “and” circuit G24 and “or” cir-
cuit B281 to trieger one shot multivibrator MV which
generates an OPS pulse that is fed via “or” circuit B20
(FIG. 2a) and amplifier A26 which energizes step drive
24 to move master drum 20 to the next slot.

It will be recalled that the next program slot merely
contained a pulse for closing the jaws 10a. Consequently,
the read head RH1 transmits a BSD pulse that is fed to
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jaw- control 1¢b (FIG. 3) causing the seiting of the flip-
flop FF7 therein which energizes solenoid L1 whose
armature closes the jaws 102. The BSD pulse is also fed
to an input of “or” circuit B20 (FIG. 2a) and the master
drum 26 is stepped to the next program slot in the usual
manner.

The next program step, it will be recalled, is the com-
plex motion from point B to point C which involves the
continuous control of both the radial and sweeping mo-
tion, and the point-to-point control of the swivel motion.
Accordingly at this program slot the reading heads RH13
to RH18 transmit the coded combination of X3A to X3D
signals representing the final position of the swivel mo-

 tion to the swivel control 184 which is similar to the radial
control 10¢ shown in FIG. 4. In addition, the read head
RH19 reads out a point-to-point control signal that is fed
as. the PPD3 signal to set fiip-flop FF5 (FIG. 2¢) which
generates the: PPC3 signal that: activates swivel control
184 in the same ‘way that a PPC1 signal activates radial
control -18c. - At the same time, read heads RH7 and
RH13 transmit continuous path control signals that are
fed via the CPD1 and CPD2 signal lines respectively, to
set the flip-flops FF1 and FF3 which start transmitting
the CPC1 and CPC2 signals. The CPCL signal is fed to
amplifier A33 (FIG. 4) to activate the continuous path
control apparatus of radial control 1fc as hereinbefore
described. The CPC2 signal is fed to an equivalent ampli-
fier of rotational control 18e to activate equivalent con-
trol apparatus. The CPC1 signal sets flip-flop FF390 via
“or” circuit B32 causing motor 73 to rotate the disc 72.
By corresponding circuits the CPC2 signal causes syn-
chronous drive of another disc. The magnetic contours
recorded on the discs 72 are read and control the radial
and sweeping movements of mechanical arm 19 as de-

scribed above. When the end of the contour for the radial 3

motion is reached, magnetic head 96 reads a pulse which
is transmitted by the amplifier A35 as-the ECP1 pulse.
The disc and associated circuitry of the rotational con-
trol 10e will also generate an ECP2 pulse when the end
of the contour for the sweeping motion. is reached. The

ECP1 pulse is fed via “or” circuit B22 to set flip-flop
FF2 (FIG. 2c¢) and via delay line- DI to unset fiip-flop
FF1 after flip-flop FF2 sets. The ECP2 pulse in a sim-
ilar manner sets fiip-fiop FF4 and vnsets flip-flop FF3.

- When flip-flop FF$ unsets, the CPC1 signal terminates
and the continuous path control of the radial motion
of mechanical arm 10 ceases. However, radial control of
the mechanical arm 19 for the program step is not com-
plete since flip:flop FF2 is set initiating point-to-point con-
trol which is used to precisely “Zero” the radial position of

the arm 19 at the point C. Similarly, continucus-path con- 1

trol is followed automatically by point-to-point conirol for
the ‘rotational actuator 38e by virtue of the setting of
flip-flop FF4 and the unsetting of fiip-flop FF3.
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1t should be noted that when the flip-flop FF1 is unset, 7

it generates the CPC1’ signal, and when the flip-flop
FF3 is unset; it generates the CPC2’ signal. Signal CPCY’
fed to “or” circuit B33 (FIG. 4) unsets flip-flop FF30
ending rotation of disc 72. ~Signal CPC2’ similarly ends
rotation of its disc corresponding to disc 72. :

Since flip-flop FF2 is set, the PPC1 signal is generated
and fed to amplifier A3@ to activate point-to-point control
of radial movement in the same manner as was described
for the radial movement from point A to point B. In
particular the X1A to X1D signals from read heads RH3
to RHG are compared with the SP1A to SPID signals
from position encoder 56 by comparator 58 (FIG. 4) to
drive torque motor 54 via amplifiers A31 and A32 which
controls the hydraulic servo including master valve 52
and slave actuator 58. When equality is reached, com-
parator 38 generates an MEP1 signal. At the same time,
a sitnilar action is occurting in rotational control 18e re-
sulting in the ‘generation of the MEP2 signal.

The MEP1 signal unsets flip-flop FF2 and the MEP2
signal unsets flip-flop FF4. The MEP3 signal from swivel
control 18f also unsets flip-flop FF5. Generally the flip-
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flops will not simultaneously unset. However, when the
last unsets, a signal passes via “and” circuit G24 and “or”
circuit B291 to trigger monostable multivibrator MV
which generates an OPS pulse. The OPS pulse when re-
ceived at “or” circuit B2 (FIG. 2a) causes the stepping
of master drum 26 by step drive 24 in the usual manner.

The next program step merely calls for the opening of
jaws 10a. Accordingly read head RH1 transmits a BSD
signal that passes through “and” gate G21a (FIG. 3)
and “or” circuit B25 to unset flip-flop FF7, deenergizing
solenoid L1. The BSD signal is also fed via “or” circuit
B20 causing the stepping of the master drum 29 in the
usual manner. )

The next program slot becomes available and will canse
a radial retraction of mechanical arm 10 to the point D.
Since this operation is similar to the program step for
moving the mechanical arm 1€ from point A to point B
(a poini-to-point control of radial movement) it will not
be described, )

The next program step is concerned with energizing
the -spraying operation. Therefore, read head RHZ
(FIG. 2a) transmits an XOP signal which set flip-flop
FF6 (FIG. 2¢). Flip-flop FF6 starts generating the XOPC
signal which is fed to the spraying control 15¢ (FIG. 1).
At the end of the spraying operation, spraying control
15c returns an EXOP signal that terminates the XOPC
signal by unsetting flip-flop FF6. When flip-flop FF6 un-
sets “and” circuit G24 passes a signal, since none of the
flip-flops FF1 to FPS is set. " The signal triggers one shot
multivibrator MV which generates the OPS signal fed
to “or” circuits B28. Master drum 28 is thereafter stepped
in the usual manner. : ’

The remaining program steps are similar to the above-
described program steps, and will not be described for
the sake of brevity. At the end of the last program step,
the mechanical arm' 1¢ is at point A and the ‘program
slot contaihing the end-of-program signal opposite the
reading"heads RH.

At this point is should be noted that mechanical arm
16 is locked at position A awaiting the start of a new
cycle because none of the sequence flip-flops FF1 to FFé

" (FIG. 2¢) are set and will not set until the first program

slot after the “home” program slot is again reached. It
will be recalled that the read heads RH are opposite a
program slot only containing the end-of-program signal
RSD. It should also be noted that all program slots which
will move past the read heads RH when the master drum
steps from this program slot to the home program slof had
been erased, .and the home program slot-only contains
“home” pulse. Therefore, master drum 20 cannot set
any of the sequence flip-flops FF1 to FF§’. It should also
be noted that master drum 20 was stepped from the pro-

‘gram slot directing the mechanical arm 18 to the program

slot containing the' end-of-program pulse by virtue of
an OPS signal generated by one shot multivibrator MV
(FIG. 2c) when the last of the sequence flip-flops was
unset in the usual manner. Although the discs 72 are at
rest where heads such as head 26 (FIG. 4) had read
ECP1 signals, these signals are no longer present, at least
by virtue of the effect of differentiating capacitors such
as capacitor C7. Accordingly, flip-flops FF2 and FF4
(FIG. 2c¢) cannot be set.

When the RSD end-of-program signal is read by read
head RHE (FIG. 2q) it is fed via “and” circuit G23g,
“or” circuit B19 and capacitor C9 to set flip-flop FF8.
The HPD signal so generated causes master drum 2¢ to
step to the home position. When the PSP signal from
photocell 146. (FIG. 1) is received at “and” circuit G20,
the new cycle proceeds as previously described.

Tt. should be noted that the flip-flop FF8’ is only em-
ployed during the first cycle of operation following the
teach modeto set flip-flop FF8 and to prevent spurious
setting of the sequence flip-flops. During the remaining
cycles, the RSD signal controls the setting of fiip-flop FF8
and.. the -absence: of. indicia in the programslots which



3,308,471

22
move past the read heads RH
of the sequernce flip-flops.

The system, up to this point, has been described that
for any modification in the sequence of operation the ap-
paratus is “retaught” the entire program. However, it is
possible that only particular point-to-point control steps
in_the entire program need be changed. For example,
it may be that the work-pieces 12 are to be supplied from
a differently oriented conveyor 14 and/or delivered to g
-differently oriented conveyor 6. In the first case the co-
ordinates of point B would be different; and in the second
case the' coordinates of the point E would be different.
To provide for such a possibility, the system includes ap-
paratus for performing a modify mode of operation.

Generally, in a normal operate mode, as heretofore
described, a program slot preceding program steps that
-are contemplated to be modified, includes an instruction
which switches program control from master control 11
to an auxiliary control which includes a memory having
usable program slots in which are recorded the program
steps that are contemplated to be altered. These program
slots direct the ‘system through the program steps which
may be modified.  After these steps have been performed,
control is switched back to master control 11 which di-
rects the system through the remainder of the “fixed” pro-
gram. Therefore, whenever the contemplated program
steps are to be modified, it is only necessary to use the
program steps recorded in the program slots of the auxili-
ary control memory and record the new program steps
therein.

The apparatus required to perform these functions will
first be described, followed by a description of functions
of the apparatus integrated into the cycles of operation of
the system. The apparatus is primarily included in FIG.
7 with-miner additions to the other elements of the sys-
tem as is hereinafter described.

The auxiliary control in FIGS. 7a, 7b, Tc and 7d is used
to control the mechanical arm 18 through the modifiable
steps of its sequence of operation. These modifiable pro-
gram steps are stored in a memory and are sequentially
read and used to direct subordinate controls to perform
-desired operations. The auxiliary memory in FIG. 7q in-
cludes a magnetic auxiliary drum A28 similar to master
drum 20 of FIG. 2a. Auxiliary drum A2 includes point-
to-point -instruction recordings and recordings for special
functions. . Reading heads
of FIG. 2a, are disposed opposite tracks of auxiliary drum
A2 for reading recordings thereon. -Anotherseries of
heads, writing heads W, are disposed opposite all but
the. left-most track of the magnetic drum A29. The read
heads R and the write heads W may include conventional
signal amplifiers if required.

The tracks are divided in the following manner, -The
track opposite the reading head RHP has permanently
recorded thereon a single magnetic spot which when
sensed results in the generation of an AFMD signal to
indicate a2 home position for the auxiliary drum A20. The
track opposite the reading head RE contains recordings
of EBR pulses which will indicate when control is to be
returned to master drum 20 from the auxiliary control.

The tracks opposite the reading heads Ri to R5 inclu-
sive form a band ADOF1 of tracks associated with the
radial actuator 18c. The four tracks opposite reading
heads R1 to R4 inclusive are provided to store digitally
(in binary form or in Gray code, for example) the coded
representation of a coordinate to which the mechanical
arm 10 is to move radially. The coded combination of
spots causes the generation of coded combinations of
AX1A to AX1D signals by the read heads R1 to R4. The
track opposite the reading head RS has recorded thereon
point-to-point control signals APPD1 to indicate that
whenever such a signal is read, the radial movement to be
performed by actuator 10c is directly to a given point
indicated by the coordinate represented by the then pres-
ent signals AXIA to AXID. The next band of tracks,
‘i.e., tracks associated with reading heads R6 to R10 in-

insures no spurious setting

R similar to reading heads RH :
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clusive is channel ADOF2 which is similar to channel
ADOF1 and is associated with sweep actuator 18e. The
third band of tracks or channel ADOF3 is similar to the
other bands except that it is associated with swivel actu-
ator 10d.

The auxiliary drum A290 is connected via shaft A22
to step device AZ4 which is similar to step drive A20 of
FIG. 2a. Step drive A28, when erergized, will cause
the auxiliary drum A28 to step to the next slot. If the
step drive A24 is continuously energized, the auxiliary
drum AZ8 will rotate, step-by-step, until the energization
is terminated, If, however, the step drive A24 is ener-
gized by a pulse, the auxiliary drum A20 will be only
driven to the next step. Step drive A24 is energized via
amplifier A26 which receives signals from the “or” cir-
cuit B79.

The first input to “or” circuit B79 is the AMSD signal
line connected to the output of “and” circuit G78 having
one input connected to the MS signal line, ie., the out-
pui of step swiich 8SW (FIG. 2a) and a second input
connected to the TCHA signal line, i.e., the “1” output
of flip-flop FFAS., Whenever information is to be re-
corded in program slots of auxiliary drum AZ2@, flip-flop
FFA9 will be set and the TCHA signal will permit MS
pulses to pass through “and” circuit G78 to become
AMSD puises. Flip-fiop FFA® has its set input con-

ected to the output of “or” circuit B72 which has a first
input connected to the RBR signal line and its second
input connected to the output of “and” circuit G73. The
inputs to “and” circuit G73 are the BR and CHA signal
lines respectively. The reset input of flip-flop FFA9 is
the REBR signal lice connected via switches 8W2 and
EBSW to voltage source B3. The flip-flop FFA9 gen-
erally controls onto which of the drums control informa-
tion is to be recorded.

The second and third inputs of “or” circuit B70 are
the AOPS and AERSP signal lines. The fourth input is
connected to switch EBSW, The last input of “or” cir-
cuit B79 is the AHPD signal line connected to the “1”
output of flip-flop FFAS. Flip-flop FFA8 generally con-
trols the stepping of the auxiliary drum A2 to its home
position. The set input of flip-flop FFAS8 is connected
to the cutput of “or” circuit B77 having one input con-
nected to the output of “and” circuit G792 and its other
input to the output of “and” circuit G79d. Each of these
“and” circuits has an input connected to the RCYD sig-
nal line. It will be recalled that this signal is employed
to initiate stepping the drums back to the home position.
During all routines except a pallet loading routine as is
hereinafter described, the PL’ inhibiting signal is absent
and “and” circuit G794 passes the RCYD pulses. During
pallet loading routines “and” circuit G722 must be em-
ployed. The second input to “and” circuit G79¢ is the
output of “or” circuit B7¢ having inputs connected to
swiich ASW and the read head RA. The roles of these
two inputs is described along with the operation of a
pallet loading routine. Flip-flop FFA19 has a set input
connected to the ouiput of read head RA and its reset
input connected to the AFMD signal line.

The fiip-flop FFALS has its “0” output connected to
one input of “and” circuit G79% whose other input is
the PL signal line. The output of “and” circuijt
G79¢ supplies pseudc-home position signals to one in-
put of “or” circuit B76 during a pallet-loading rou-
tine. The AFMD signal line feeds the second input
of “or” circuit B7s whose output transmits FMDA
signals to “and” circuit G2@ (FIG. 2a) to permit re-
cycling of the system during any type of workpiece trans-
fer routine.

Included in the auxiliary control is a moedify switch
CHSW (FIG. 7b). Switch CHSW is of the double-pole,
single-throw type. The ganged moving contacts Ki and
K2 are respectively connected to opposite terminals of
a voltage source B4, The fixed contact FI is connected
via resistor R8 to the same terminal as moving contact
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K2; and fixed contact F2 is connected via resistor R® to
the same terminal as moving contact K1. The circuitry
merely provides two signals which interchange polarity
as the switch is opened and closed. When the switch is
closed, it generates the CHA signal which alerts the sys-
tem during the “operate” mode of that portion of the
program to be modified. The function of the CHA sig-
nal is hereinafter more fully described. The switch PS
is identical to switch CHSW and is used for pallet load-
ing routines.

The circuits feeding the write heads W (FIG. 7a) will
now be described. Each of the write heads W is con-
nected to a movable contact of a single-pole, double-
throw relay contact set AEWRC of relay AEWRL (FIG.
7d). All the left-hand contacts AEWRCN, as shown in
FIG. 7a (i.e., the normally open contacts), are connected
to a high-frequency erase source AHFE. When relay
ABWRL is energized, the movable contacts engage the
respective left-hand contacts and erase current is fed to
all the write heads W. When new information is to be
recorded, relay AEWRL is not energized and the mov-
able contacts engage the right-hand fixed contacts.

in particular, the write head WE associated with the
track restoring transfer of control back to master con-
trol signals is connected via the REBR signal line to the
switch EBSW.

The write heads W1 to W4 inclusive are respectively
connected via normally closed contacts AEWRCC of re-
lay AEWRL to outputs of “and” circuits G74a to G74d
inclusive, whose first jnputs are connected to the AMSD
signal line and whose second inputs are respectively con-
nected to the SP1A to SPiD signal lines. It will be re-
called that the SPiA to SPiD signals are a binary coded
representation of the actual radial coordinates of the
mechanical arm 10 at every instant of time. The write
head W5 is connected to the output of “and” circuit
G74e whose first input is connected to the AMSD signal
line and whose second input is connected to the fixed con-
tact-2 of the ATCSW1 switch. Said contact 2 is coi-
nected via “hold down” resistor R16 to ground. When
a point-to-point coniro] puise is to be recorded, the mov-
ing contact is connected to fixed contact 2 of switch
ATCSW1 which also generates the APPY signal in addi-
tion to causing the recording of a point-to-point control
pulse. The moving contact of switch ATCSW iis con-
‘nected to the negative terminal of voltage source BIL

The circritry including the contact sets of the erase-

~ write relay contacts EWRC associated with the write
heads W1 to W35, the “and” circuits G744 and GT74e, and
the switch ATCSW1 comprise the auxiliary access unit
AAU1 for the first degree of freedom, that is, for the
radial movement of the mechanical arm 18, Auxiliary
access unit AAUZ associated with the second degree of
freedom (sweep movement of the mechanical arm 19)
- includes similar circuitry as does the auxiliary access unit
AAUS3 of the third digitally controlled degree of freedom.

The next major element of auxiilary control unit cen-
ters around the circuitry feeding the conventional one-
shot multivibrator AMV (FIG. 7c) which when triggered
transmits an auxiliary drum-indexing pulse via the ACPS
line. This pulse is used to energize the step drive A24
upon completion of a program step generally during the
operate mode. The input of the one-shot multivibrator
AMYV is “or” circuit B71 having one input connected to

the output of “and” circuit G71 which transmits a. signal

at the end of each program step involving the auxiliary
drum A28 during the operate mode. The second and
third inputs to “or” gate B71 are the AERSO signal line

‘and the BR signal line via differentiating capacitor ACS..

The inputs to the “and” circuit G71 are from the “g
outputs of the flip-flops FFA1 to FFA3 inclusive. Ac-
.cordingly, the “and” circuit G71 will only transmit & sig-

nal after the last of these flip-flops has been unset dur--

ing the operate mode for insuring that the auxiliary drum
advances, and a new program step is read from the auxil-
jary drum A28, only after all the different types of control
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operations have been performed for the previous program
step. The flip-flop FFAL is concerned with a point-to-
point control of the first degree of freedom. - Flip-flop
FFAL1 is set by a signal from gate G70a by a signal on
the APPD1 signal line at one input of “and” gate G70a
when the TCHA’ signal is not present in the second input
of “and” circuit G79a; and unset by the MEP1 signal.
The flip-flop FFAZ2, concerned with the second degree of
freedom, is set by a signal from the output of “and” cir-
cuit G7@b when it receives an APPDZ2 signal diiring the
absence of the inhibiting TCHA’ signal; and is upset by
the MEP2 signal. The flip-flop FFA3 associated 'with
the third degree of freedom is set by a signal from the
output of “and” circuit G79¢ which receives the APPD3
signal; and is unset by the MEP3 signal.

The circuitry of FIG. 7d is similar to the circuitry of
FIG. 2d and controls erase-write relay AEWRL. The
circuitry will be further described when the ‘operation of
this aspect of the system is related. )

There are three modes of operation to be considered
for the auxiliary control: teach, operate and modify.
Each will be considered in detail with appropriate refer-
ences being made to the heretcfore discussed apparatus
and operations. For the sake of concreteness, it may be
assumed that the setup man knows that during a produc-
tion run the first group of the workpieces are to be avail-
able at a point B (FIG. 1) and that the next group are to
be available at a point B’ (not shown) to the left of point
B. The setup man can first teach the system in the routine
previously described for the first part of the run; when
this part of the run is finished; teach a new routine which
is almost the same as the first routine, the oaly difference
being the point-to-point control for the path AB’ and the
continuous path control for the path B'C; and when this
part of the run js finished reteach it the first routize. -
Cbviocusly, such an approach is inefficient:

Instead, the setup man will use the auxiliary control to
handle the modifiablé portions of the program. In par-
ticular, the setup man will initially record in the first pro-
gram slot of the main drum 28 (FIG. 2a) -a transfer-of-
control pulse which when read transfers control to the
suxiliary control. In the first program slot of auxiliary
drum AZ290 he records point-to-point control indicia di-
recting the jaws 18a to point B. In the sscond -program
slot of the auxiliary drum A28 he records a transfer-of-
centrol pulse which when read transfers control back ‘to
the main control. The remainder of the teach mode is
identical with that previcusly described. When the second
portion of the run is to take place, i.e., that portion where-
in the workpiece availability point is point B’, the setup
man need only: “erase” the program stots of auxiliary
drum A28; record in the first program slot of auxiliary
drum A29 point-to-point control indicia directing: jaws
18a to point B’; record in the second program siot of
auxiliary drum A28 point-to-point control indicia direct-
ing the jaws 16a to point B; and record in the third pro-
gram ‘slot- of auxiliary drum A28 a transfer of . control
pulse which when read transfers control back to the main
control. - This is a modify. mode.  When this portion of
the run is finished, the setup man-again “erases” auxiliary

.drum A28; records point-to-point control indicia in the

first program slot of auxiliary dium AZ28; and records the
transfer of control pulse in the second program slot of
anxiliary drum A26. This is also a modify mode. By a
modify mode is meant the changing of only a portion of
the entire program. ) o .
Several observations should be made at this point. Al-
though during the first modify mode additional motion
has been introduced, ie., paths AB’, B'B, BC, efc, in-
stead of the more direct motion AB’, B'C, etc., it should
be noted that the path from points B’ to B to point C are
complex and more difficult to teach than a pure point-to-~
point path. = Hence, if the intermediate portion of -the
production run is relatively “small such a procedure is -

_more practical. Furthermore, where point-to-point paths

bracket a point-to-point path it-is only necessary-to modify
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the control indicia for the bracketed point-to-point path
and no additional motion is introduced.

Returning to the above discussion, the operation of the
apparatus for the proposed example will now be de-
scribed. Initially new discs are placed on the drive shafts
such as drive shaft 734 (FIG. 4) by the setup man. The
teach-operate switch TOSW (FIG. 2b) is adjusted to the
teach position and the erase-write switch EWSW (FIG.
2d) is momentarily closed. The EWSWO signal passes
through “and” circuit G203 (the inhibiting CHA’ signal
is not present) to set flip-flop FF10 and unset flip-flop
FF9. The ERSP signal generated by flip-fiop FF16 ener-
gizes erase-write relay EWRL and is fed via “or” circuit
B29 to energize step drive 24 (FIG. 2a) as long as it is
present. ‘The contacts EWRCN connect the write heads
WH to the source of erase current HFE and the contacts
EWRCS3 operate to record the “home” pulse on discs 72
(FIG. 4) as previously described. When master drum
20 (FIG. 2a) reaches the home position the FMD pulse
is read by read head RHO and transmitted to the erase-
write contro] where it sets flip-flop FF9. When master
drum 20 again reaches the “home” program slot, the
FMD pulse is again generated and is transmitted to the
erase-write control to unset flip-flop FF® which unsets
flip-flop FF10. Accordingly, the ERSP signal terminates
ending continuous stepping by stepdrive 24 and erase-
write relay EWRL is deenergized ending the erase opera-
tion on master drum 28. The “0” output of flip-flop
FF10 (FIG. 2d) transmits an ERSO pulse signal via
capacitor C1 and “or” circuit B291 (FIG. 2¢) to trigger
one-shot multivibrator MV which generates an OPS
pulse. The OPS pulse passes through “or” circuit B2¢
(FIG. 2a) causing step drive 24 to move master drum
20 to the first operative program slot.

At the same time the EWSWO pulse from switch
EWSW passes through “or” circuit B73 (FIG. 7d) to
set flip-flop FFAS and unset flip-flop FFA4. The “1”
output of flip-flop FFAS starts generating the AERSP
signal which energizes erase-write relay AEWRL and
which is fed via “or” circuit B78 and amplifier A26 to
step drive A24. Auxiliary drum' A20 starts rotating
while the contacts ABWRCN connect the write heads W
to source of erase current AHFE. When auxiliary drum
A28 reaches its home position the AFMD pulse is trans-
mitted by read head RHP (FIG. 7a). The AFMD
pulse sets flip-fiop FFA4. The auxiliary drum AZ? con-
tinues to step and when the home position is reached a
second time the AFMD pulse unsets flip-flop FFA4 which
unsets flip-flop FFAS. The AERSP signal terminates
ending the continuous stepping action of step drive A24,
the relay AEWRL is deenergized ending the erase opera-
tion and an AERSO pulse is transmitted via differentiating
capacitor AC% and “or” circuit B71 (FIG. 7¢) to trigger
one shot multivibrator AMV which generates an AOPS
pulse. The AOPS pulse is fed via “or” circuit B23 to step
drive A24 causing auxiliary drum A28 to step to the first
slot past the home slot.

At this point all the program slots of master drum 29
and auxiliary drum A28 have Been erased, both drums are
at rest at their first program siots after the “home” slot,
and a “home” pulse has been recorded on each of the discs
72.

The setup man closes the transfer-ef-control switch
BRSW (FIG. 2a), momentarily closes the step switch
SSW and opens the switch BRSW. The MS pulse gen-
erated by switch SSW passes through “and” circuit G279
to become the MSD pulse which passes through switch
BRSW to become the RBR signal that is recorded by write
head WHR in the first program slot of master drum 28,
The RBR signal passing via “or” circuit B72 (FIG. 7a)
sets flip-flop FFA® which starts generating the TCHA
signal alerting “and” circuit G78 to pass MS pulses, and an
inhibiting signal on the TCHA’ signal line which prevents
“and” circuit G279 from passing MS pulses. The puise
also passes via “or” circuit B20 to step drive 24 and main
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drum 20 steps to the next program slot. It should be
noted that when flip-flop FFA9 was set, access to master
drum 20 was blocked and access to auxiliary drum A20
was opened.

The setup man positions the type of control switches
such as ATCSW1 (FIG. 74) to position 2, and then by
means of controls (such as manual control 59, FIG. 4,
for the first degree of freedom) moves jaws 10z to posi-
tion B (FIG. 1). When he is satisfied with the position-
ing in all degrees of freedom, he momentarily depresses
step switch SSW (FIG. 2a) which generates the MS
pulse. The MS pulse passes through “and” circuit G78
(FIG. 7a) to become the AMSD pulse that is fed to in-
puts of “and” circuits G74 to gate the SP1, SP2 and SP3
signals representing digitally the actual coordinates of
mechanical arm 10 to the write heads W for recording
in the first program slot of auxiliary drum A20. The.
APP1 signal at “and” circuit G74e gates the AMSD pulse
into write head W5 for recording as a point-to-point con-
trol pulse. The AMSD pulse is also fed via “or” circuit
B78 to step drive A24 to step auxiliary drum A20 to the
second program slot.

The setup man then depresses the switch EBSW (FIG.
7a) causing the generation of the REBR signal which is
recorded by write head WE for later indicating a return
of control to master drum 29, The REBR signal through
normally closed switch SW2 unsets flip-flop FFA9 ter-
minating the TCHA signal and the inhibiting signal on
line TCHA’. Access is again opened to master drum 20
and closed to auxiliary drum A28, The remainder of
the program is carried out and it is recorded on the mas-
ter drum 20, as previously described.

It will be recalled that the last manipulation performed
by the setup man during the teach mode is the depression
of the RSW switch (FIG. 2a) which causes the record-
ing of the end of program slot on the master drum 2§
and the setting of flip-flop FFg’. Flip-flop FF8’ starts
generating the TH’ inhibiting signal. The write heads of
master drum 28 are opposite the program ‘slot contain-
ing the end of program control spot and none of the flip-
flops FF1 to FF6’ (FIG. 2c) are set. The write heads W
of auxiliary drum A20 are at an empty program slot, and
none of the flip-flops FFAT to FFA3 are set. There-
fore, no movement is possible for mechanical arm 10
when the setup man moves the teach-operate switch
TOSW (FIG. 2b) to the operate position. It should be
noted that in spite of the fact that the OPR signal is now
present at an input to “and” circuit G23 (FIG. 2a) the
inhibiting signal TH’ from flip-flop FF8’ still blocks “and”
circuit G23 and the “and” circuit G23a to G23u remains
blocked, and the inhibiting signal TH’ still blocks “and”
circuit G75 (FIG. 7a) and the “and” circuits G76a
to G760 remain blocked. Accordingly, none of the flip-
flops FF1 to FF6’ or EFAT to FFA3 are set or can be set
until the TH’ terminates and no control signals are gen-
erated which can activate relays such as relays PPRL and
CPRL (FIG. 4) which control current flow in torque mo-
tor 54.

When the flip-flop FF8’ (FIG. 2a) set, it generated the
RCYD pulse for setiing flip-fleps FF8 (FIG. 2a) and
FFA8 (FIG. 74) which respectively generates the HPD
and AHPD signals. The HPD signal is fed via “and”
circuit B2 to step drive 24 which starts continuous step-
ping of master drum 2% (FIG. 2a); and the AHPD
signal is fed via “and” circujt B76 to step drive A24
(FIG. 7a) which starts continuous stepping of auxiliary
dram A28. The HPD signal also sets flip-flop FF36
(FIG. 4) which moves discs 72 to their home position.
As ‘each disc reaches its home position it generates an
FMCI or FMC2 signal which unsets its associated flip-
flop FF39 and which is fed to an input of “and” circuit
G28% (FIG. 2a). When all are generated, “and” cir-
cuit G23¢ transmits an FMC signal. When the auxiliary
drum A28 reaches its “home” slot, read head RHP
(FIG. 7a) generates an AFMD signal that unsets flip-
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flop FFAS and step drive A24 is deenergized. Auxiliary
drum A28 stops with its otherwise blank “home” slot
opposite the read heads R. The AFMD signal is also
fed via “or” circuit B76 to become the FMDA signal that
is fed to an input of “and” circuit G20 (FIG. 2a). When
the master drum 20 reaches its “home” slot, read head
RHO generates an FMD signal which: cooperates with
the AFDM signal from “or” circuit B19” at “and” circuit
G5 to unset flip-flop FF8’ which opens “and” circuits G75
(FIG. 7a) and G23 (FIG. 2¢); unsets fiip-flop FF8 ter-
minating the HPD and the operation of step drive 24; and
is fed to an input of “and” circuit G2% which can now
transmit an ADS signal when a PSP signal is received
from photocell (FIG. 1). At that time, the ADS signal
is fed via “or” circuit B2¢ to step drive 24 for stepping
master drum 29 to the first program slot after the “home”
slot.” When master drum 20 steps off the “home” slot,
the FMD signal terminates.

At this time the read heads R of auxiliary drum 20 are
opposite the “home” slot. Even if they were opposite a
slot containing control information, “and” circuits G76
(FIG. 7a) are blocked because no BR signal is present at
an input to “and” circuit G75. Discs 72 (FIG, 4) are at
their home position. Master drum 26 (FIG. 2a) is op-
posite the first program slot after the “home” slot and
“and” circuits G23 are open, since the OPR signal is pres-
ent and the inhibition on the IH’ and BR’ inputs to “and”
circuit G23 are absent.

It will be recalled that the first program slot of master
drum 26 contained only a transfer of control pulse which
is now transferred to read head RHB via “and” circuit
G23b to the BRD signal line. The BRD signal sets flip-
flop FFé’ (FIG. 2¢) which generates the BR signal and
an inhibiting signal on the BR’ signal line. The inhibit-
‘ing signal BR’ now blocks “and” circuit G23 (FIG. 2a).
The BR signal fed to “and” circuit G758 opens “and” cir-
cuits G76 (FIG. 74). The BR signal -also passes, via
differentiating capacitor AC8, “or” circuit B71 to trigger
one shot multivibrator AMV (FIG. 7¢) which generates
an AOPS pulse that is fed via “or” circuit B78 to step
drive A24. Auxiliary drum A29 steps to its first program
slot.

It will be recalled that the first program slot contained
the coordinates of the point B and a point-to-point con-
trol pulse. The point-to-point control pulse is read by
read head RS and passes via the “and” circuit G76f as the
APPD1 signal which is fed to circuit G78a (FIG. 7¢) to
set flip-flop FFA1. This causes signal APPC1 to be gen-
erated, and it passes via “or” circuit B5¢ to amplifier A3
(FIG. 4) for energizing the PPRL relay and is fed to
comparator 58 to render it operative. Read heads R1 to
R4 read the coded combination of pulses representing the
coordinate and feed them via the “and” circuits G76b to
GT6e, respectively (FIG. 7a), the signal lines AXIA to
AX1D, respectively, the “or” circuits B23a to B23d, re-
spectively, and the lines X1A to X1D (FIG. 2a) respec-
tively to the comparator 58. Comparator 58 operates in
the previously described manner to move mechanical arm
10a to the point B and to generate the MEP1 pulse upon
its arrival.

The MEP1 signal unsets flip-flop FFA1, accordingly,
causing “and” circuit G71 to pass a signal for triggering
one shot multivibrator AMV which generates the ACPS
pulse that passes via “or” circuit B70, causing step drive
A24 to step auxiliary drum A26 to the second program
slot.

The second program slot of auxiliary drum A2 con-
tains only a return of control pulse which is read by read
head RE and passes via the “and” circuit G76a to the
EBR signal line (FIG. 7a). The EBR signal passes via
“or” circuit B23 to unset flip-flop FF6" (FIG. 2c). The
términation of the BR signal blocks “and” circuit G75
(FIG. 7a) and all control by auxiliary drum A20 ends.
The termination of the inhibiting signal on line BR” alerts
“and” circuit G23 (FIG. 24) and master drum 20 resumes
control.
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When flip-flop FF6' unsets it transmits a signal via
“and” circuit G24 and “or” circuit B291 (FIG. 2¢) which
triggers one-shot multivibrator MV to generate the OPS
signal. 'The OPS pulse performs its usual functions and
the program proceeds as heretofore described wuntil the
program slot on the master drum 2% containing the end
pulse is reached.

. This pulse is read by read head RHE (FIG. 2a) and
the RSD signal passes via “and” circuit G23a, “or” cir-
cuit B19 and differentiating capacitor C9 to become the
RCYD which initiates a new cycle.

When the program is to be modified, the setup man
merely closes the switch CHSW (FIG. 7b) which gen-
erates the CHA signal that is fed to an input of “and”
cirenit G73 (FIG. 7a). The next time the apparatus
reaches the first program slot of the master drum 26 which
results in the generation of the BR signal characteristic of
transfer of control to auxiliary drum A26, flip-flop FFA9
is set by the cooperation of the BR and CHA signals at
“and” circuit G73. After this, the setup man can open
switch CHSW. The TCHA signal generated by flip-flop
FEAS alerts “and” circuit G78 (FIG. 7a) and cooperates
with the OPR signal at “and” circuit G7% (FIG, 7d) to
initiate the above-described erase routine for auxiliary
drum A20. The inhibiting signal now on the TCHA' sig-
nal line blocks “and” circuits G70 to prevent the spurious
setting of flip-flops FFAL to FFA3 (FIG. 7¢). This in-
hibiting signal also blocks “and” circuit G279 (FIG. 2a).
Hence, any MS pulses generated by step switch SSW are
operative in the circuitry associated with auxiliary drum
A20. -

At this point the read heads RH of the master drum 20
are opposite the first program slot. Flip-flop FF6’ is set
and generating the BR signal. The auxiliary drum AZ6
has been completely erased and its write heads W are
opposite the first program slot. Flip-flop FFA? is set and
generating the TCHA signal.

The setup man positions the mechanical arm 10 to-the
point B’, adjusts the switch ATCSW1 (FIG. 7a) to posi-
tion 2 and momentarily depresses the step switch SSW
(FIG. 2a). The MS pulse so generated passes through
“and” circuit G78 as the AMSD to inputs cf “and” circuits
G74. The coded combination of SP1A to SP1D, etc.
signals representing the coordinates and that APPL signal
indication - point-to-point control pass through the “and”
circuits G74 and are recorded by the write heads W. The
AMSD pulse steps the auxiliary drum A20 in the usual
manner. The setup man then records the poini-to-point
control to point B (FIG. 1) as previously described aqd
the auxiliary drizm A20 steps to the third program slot in
the usual manner.

In the third program slot the setup man records. the re-
turn of control to the master drum pulse by momentarily
closing the EBSW switch (FIG. 7a4). The REBR signal
so generated is recorded by write head WE. The REBR
signal also unsets flip-flop FFAS and is fed via “or” cir-
cuit B23 (FIG. 2c) to unset flip-flop FF6’. Control is
now in master drub 20 and the remainder of the cycle is
automatically stepped through in the - usual manner.
Henceforth, mechanical arm 16 will go to point B’ to ob-
tain workpieces 12. )

At any later time the program can again be modified
by following the above-described procedure.

In addition to the example given above the semi-perma-
nent pattern of motions can be motions involved in the
loading or unloading of a series of articles on a pallet at
regularly spaced, standardized positions, while the other
portion of the program, controlling what is done with each
article, may be changed frequently.

For example, assume that the conveyor belt 16 is re-
placed by the pallet 16" illustrated in FIG. la. The posi-
tion of the pallet 16’ is shown with respect to the same
point E as in the previous program. Also, the standard-
ized positions on the pallet are shown by points XY. The
semi-permanent paitern of motions will be motions for
a point such as point E to the points XY respectively.
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The frequently changed program will be the pattern con-
trolling motions via points such as points A, B, C, D
and E.

The heretofore described apparatus can perform the
desired programs when minor additional elements are
added which will be pointed out in connection with the
description of the various modes of operation of this
feature of the invention.

Consider first the teach mode. This is exactly the same
as the previously described teach modes until after the
program slot on master drum 20 which directed the jaw
10c to point E is reached. Accordingly this portion of
the program will not be described again in detail. It
should be recalled that successive program slots of master
drum 20 have been recorded with control spots directing
point-to-point control from point A to point B; jaw con-
trol at point B; continuous control from point B to point
C; jaw control at point C; point-to-point control from point
C to point D; spraying control; point-to-point control from
point D to point C; and continuous control from point C
to point E. Now instead of recording the jaw control at
point E, the setup man opens normally closed switch SW2
(FIG. 7a), breaking the path from swiich EBSW to the
REBR signal line. He then momentarily depresses switch
BRSW (FIG. 24) and switch SSW causing the genera-
tion of an RBR signal which is recorded in the then avail-
able program slot of master drum 20 in the usual manner,
The RBR signal is also fed via “or” circuit B72 to set
flipflop FFA9 opening access to auxiliary drum AZ20
and closing access to master drum 20. He now directs
the jaws 10a in the usual manner to, say the point X;Y;
on pallet 16’ and momentarily closes switch SSW (FIG.
2a). The coordinates, represented by signals SPiA,
SP1B, etc. are recorded in the first program slot of aux-
iliary drum A20. He next momentarily closes the EBSW
switch (FIG. 7a) causing the recording of a transfer of
control back to master drum 20 control spot by write
head WE, and causing the stepping of auxiliary drum
A20 to its next program slot. It should be noted that
since switch SW2 is open, no REBR signal is generated
which would open access to master drum 20 and close
access to auxiliary drum AZ20. The setup man now
directs jaws 10a to, say point X;Y, on pallet 16’ and
‘momentarily closes switch SSW (FIG. 2a). The coordi-
nates of this point are recorded and auxiliary drum A26
steps to the next program slot. The setup man then again
closes the switch EBSW to record another transfer-of-
control spot. These sets of manipulations, i.e., position-
ing the jaws 18q, momentarily depressing the switch SSW
and then momentarily depressing switch EBSW, are per-
formed for each of the coordinates XY on pallet 16" ex-
cept the last one. 1t should be noted that a pair of pro-
gram slots is associated with each movement, one con-
taining final coordinates and the other a transfer of con-
trol spot. For the last one, say X4Yy, the setup man posi-
tions the jaws to this point and momentarily depresses the
switch SSW. The coordinates are recorded and the
auxiliary drum A29 steps to the next program sfot. Now
the setup man returns switch SW2 (FIG. 2a) to its usual-
ly closed position; closes the usually open switch ASW and
momentarily closes switch EBSW. Write head WE re-
cords control spots into the available program slot of
auxiliary drum A20 for transferring control back to
master drum 28, write head WA records the full-pallet
control spot. The voltage from source B3 passes via
switch ASW and “or” circuit B76 to one input of “and”
circuit G79a alerting the latter to pass RCYD pulses
when received from master control 11 (FIG. 2a). 1t
should be noted for the pallet loading routine “and” cir-
cuit G79 has been interposed between the set input of
flip-flop FFA8 and the RCYD signal line. For a non-
pallet loading routine, as previously described, the RCYD
signal is fed via “and” circuit G794 to the set input of
flip-flop FFA8. Since switch SW2 is now closed, the
REBR signal was generated when the switch EBSW was
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momentarily closed: Accordingly, flip-flop FFA9 (FIG.
7a) is unset, opening access to master drum 2¢ and clos-
ing access to auxiliary drum A20.

The setup man now momentarily closes switches BSW
and SSW (FIG. 2a), causing the recording of a jaw open
control spot in the available program slot of master drum
20, in the usval manner. He then directs the jaws 10a
to the point A, depresses the switch SSW and the coordi-
nates of point A are recorded. Finally, after the master
drem 20 has stepped to the next available program slot,
he depresses the switch RSW which causes the recording
of the end of program spot and also sets flip-flop FF8’
initiating the return of both drums to their home positions
as previously described. It should be noted that the usual
RCYD signal transferred via differentiating capacitor C9
(FIG. 2a) in response to the signal passed by “or” circuit
B19 from flipflop FF8 passes through aleried “and”
circuit G7%a (FIG. 74). “And” circuit 79a was altered
by a signal via “or” circuit B76 from closed switch ASW
which the setup man now opens. The setup man switches
the teach-operate switch TOSW (FIG. 2b) to the operate
position, initiating the operate mode. He also closes the
PS switch (FIG. 7a) which starts generating the PL sig-
nal and the PL’ inhibiting signal characteristic of a pallet
loading routine.

During the operate mode, the workpieces 12 are moved
in the previcusly described manner until they reach point
E. Point E is a “check point” or a “jumping off” point
for pallet lcading.

When the first workpiece reaches point E, the avail-
able program slot of the auxiliary drum A20 is the home
slot and the available program slot of main drum 20 con-
tains a control recording that transfers control to auxiliary
drum A29. Accordingly, the BRD signal is transferred
from read head RHI (FIG. 2a) to set flip-flop FF¢’
(FIG. 2¢) which generates the BR signal and the BR’
inhibiting signal which blocks “and” circuits G23 (FIG.
2a). The BR signal is fed via differentiataing capacitor
ACS, and “or” circuit B71 to trigger auxiliary multivibra-
tor AMV which generates an AQPS pulse. This pulse
passes through “or” circuit B70 to step auxiliary drum
A20 to the first program slot which contains point-to-
point control coordinates of point X;Yy. The BR sig-
nal is also fed to “and” circuit G75 (FIG. 7a) which
opens “and” circuits G76. The contents of the first pro-
gram slot of anxiliary drum' A20 are read out and direct
point-to-point movement of jaws 104 to point XY, of
pallet 16’ in the usual manner. When the jaws 10a
reach the point XYy, the equality signals MEP1 and
MEP2 from comparators 58 are generated and are fed
to the reset inputs of flip-flops FFA1 and FFA2 (FIG.
7c¢). Accordingly, an AOPS pulse is generated by multi-
vibrator AMV. The AOPS pulse passes via “or” circuit
B70 causing the stepping of auxiliary drum A20 to the
next program slot. This slot only contains an EBR con-
trol spot which is fed via read head R1 (FIG. 7a), “and”
circuit ‘G76a, and “or” circuit B23 (FIG. 2¢) to unset
flip-flop FF6’. The disappearance of the BR signal blocks
“and” circuit G75 (FIG. 7a), preventing further reading
from auxiliary drum A20; and the disappearance of the
BR’ signal opens the “and” circuits G23 (FIG. 24). Con-
trol is now in master drum 20. The control spot in the
program slot of drum 20 in effect causes jaws 10a to
open, depositing the workpiece 12 at point X;Y;. The
next program slot directs the jaws 104 to move to point
A, and the following program slot contains the end-of-
program control spot. This spot results in the transmis-
sion of an RSD pulse from read head RHE (FIG. 24)
via “and” circuit G234 and “or” circuit B19 to differenti-
ating capacitor C9. The output of capacitor C9 is the
RCYD pulse which sets flip-flop FF8 (FIG, 2a) to cause
master drum 20 to return to the home position. Hereto-
fore, the RCYD pulse would also set flip-flop FFAS (FIG.
7a) to step auxiliary drum A20 to the home position,

‘however, this drum should only be stepped home when
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the last pallet space is loaded with a workpiece. The
PL. inhibiting signal blocks “and” circuit G79d and there

is no output from “or” circuit B78. Both “and” circuits
G794 and G794 are blocked. Therefore, flip-flop FFAS8
cannot be set and auxiliary drum A2@ remains at the third
program slot.

When master drum 20 (FIG. 24) reaches the home
position, the FMD signal unsets flip-flop FF8 in the usual
manner. When all memories reach their home positions,
“and” circuit G20 is alerted for a PSP pulse. It should
be noted that the FMDA. signal is present, since the PL
signal cooperates with the absence of an inhibiting signal
from flip-lop FFA1® (FIG. 7a) at “and” circuit G7%¢
to pass a FMDA signal from “or” circuit B76.

The second workpiece 12 (FIG. 1) is controllably
transferred to point E in the usual manner. The third
program slot is available in auxiliary drum A28. There-
fore, when control is transferred to auxiliary drum A29,
. the jaws 10q are directed by a point-to-point control re-
cording to point XY, when this point is reached auxiliary
drum A29 is stepped to the fourth program slot in the
usual manner. The fourth program slot, and in fact all
even numbered program slots, merely contains a record-
ing that directs transfer of control back to master drum
20. The next available program slot on master drum 20
calls for the usual jaw-opening operation, and the fol-
lowing one calls for point-to-point control to point A.
This is followed by the end of program slot. The pro-
cedure continues in this manner until a workpiece 12
is positioned at point X,Y, of pallet 16'. When this con-
trol is carried, out, auxiliary drum AZ20 steps to the last
recorded program slot. In this program slot, in addition
to the usual transfer-of-control control spot, there is an
énd of pallet control spot. The usual transfer of con-
trol is performed. At the same time, the end of pallet
control spot is read by read head RA (FIG. 7a). The
signal from the read head RA sets flip-flop FFA10 and
also passes via “or” circuit B76 to alert “and” circuit
G79q. Auxiliary drum A20 has been prepared to be
stepped to the home position. When this workpiece trans-
fer cycle is complete, the usual RSD signal is generated.
The RSD signal (FIG. 2a) causes the generation of the
RCYD pulse which sets flip-flop FF8 which starts gener-
ating the HPD signal.  Master drum 20 is stepped to the
home position. The RCYD signal now passes through
“and” circuit G79a and “or” circuit B77 to set flip-flop
FFAS which generates the AHPD signal. Auxiliary
drum A20 is stepped to its home position. At this time
the “0” output of flip-flop FFA1® blocks “and” circuit
G79c. Therefore, no FMDA signal is generated until
the true home pulse AFMD is transmitted by read head
RHP. The AFMD signal unsets flip-flop FFA10 and
causes the transmission of an FMDA signal to “and” cir-
cuit G20 (FIG. 2a). The AFMD signal also unsets
flipflop FFA8 terminating stepping of auxiliary drum
A20. At the same time, master drum 20 is being stepped
to its home position by the HPD signal (FIG. 2a). When
all memories reach their home positions, “and” circuit
G20 is alerted to pass a PSP pulse and a new pallet can
be loaded.

A new routine can be recorded on main drum 2¢ with-
out in any way disturbing the auxiliary drum recordings
of the pallet coordinates. Any point in the new routine
can serve as the checkpoint at which to shift to the pallet-
loading (or unloading) routine. To change the routine
of thé main drum 28 for transferring work pieces to-a
point such as point E, drum 298 is advanced to its home
position. Although it is possible to have a partially loaded
pallet and add switching to cycle the auxiliary drum to its
home position, it will be assumed that auxiliary drom A28
is also at its home position.

With the system in this state, the setup man opens
the usually closed switch SW3 (FIG. 7d); moves the
teach-operate switch TOSW (FIG. 2b) to the operate
position; and momentarily closes the erase switch EWSW
(FIG. 2d). A normal erase routine is carried out by

10

20

25

30

40

45

50

55

60

65

70

75

49

master drum 20. Since switch SW3 is open, no erase
routine is performed by auxiliary drum A20. The system
is then taught the desired transfer routine, including a
transfer of control program spot at the desired point in
the program. At the end of the master-drum routine,
the flip-flop FF8’ is set by the closing of switch RSW
(FIG. 2¢) and the master drum 20 sieps to its home posi-
tion in the usual manper. The setup man then closes
switch SW3 (FIG. 7d) and positions the teach-operate
switch TOSW (FIG. 2b) to the operate .position. The
workpiece transfer routines will start whenever a work-
piece 12 (FIG. 1) intercepts the light beam causing the
generation of a PSP pulse.

The control system of FIG. 2a and of related figures
has been described in connection with the apparatus of
FIG. 4 that includes a digital servo in achieving point-to-
point control and a contour-tracer for continuous-path
control. FIG. 8 illustrates a conventional hydraulic
servo that is equipped wih digital input control means
and with continuous-path control means different from
the curve-tracer of FIG. 4. Where apparatus as in FIG.
8 is used, it is ordinarily incorporated in each of the
various degrees of freedom in the apparatus of FIG. 1,
controlled by the system of FIGS. 24, 7a and the related
control circuits, the apparatus of FIG. 8 basically replac-
ing that in FIGS. 4 and 6. The digital control appa-
ratus in FIG. 8 is of a form that is disclosed and claimed
in copending application Serial No. 226,203, and while
programmed control information is provided in digital
form in FIG. 8, it can also be provided mechanically as
a succession of analogue settings as shown in that appli-
cation. The digital apparatus of FIG. 8 omits the digital
feedback feature of. the point-to-point control in FIG. 4,
thus demonstrating one broad aspect of the invention, and
the contour type of continuous control in FIG. 4 is re-
placed in FIG. 8 by continuous control provided by a
continuously advanced control recording.

FIGURE 8 shows an alternate embodiment of the
radial control 10c and includes hydraulic actuator 118,
comprising a cylinder 118a supported in the arm 114 and
a piston 118b from which a usual guided shaft projects,
in this case the guided shaft being jaw support 16f. In
the form illustrated, cylinder 1184 is relatively stationary,
and mechanical work is obtained from jaw support 19f.
Piston 1186 and jaw support 18f are moved to the right
and the left by means of hydraulic fluid admitted under
pressure to the respective ends of cylinder 118a, in usual
fashion, this fluid being supplied by hydraulic lines 134a
and 134b. The master valve 122 for controlling the
operation of actnator 118 includes a body 122a that is
slidably mounted on a fixed guide rail 1225 which has
a square cross-section. Valve 122 includes a so-called
spool 122c¢ that is appropriately shaped with respect to
apertures provided in the body 122a to deliver hydraulic
pressure to either one of the hydraulic actuator lines
134a and 134b, or to maintain the fluid supply to both
of these lines equal when the hydraulic actuator is to re-
main stationary. Lines 134a and 134) are flexible where
they are connected to actuator 118 and to reciprocating
body 1224 of the control valve. Hydraulic fluid under
pressure is supplied to valve 122 from the high pressure
end of a supply of pressurized hydraulic fluid (not shown)
by a supply line 1224d. Hydraulic fluid from the low-
pressure side of actuator piston 1185 is returned by the
corresponding line 134q or 134b to valve 122, and this
fluid is returned fo the hydraulic supply by lines 122e
and 122f. The arrows in the drawing represent the sup-
ply and discharge directions of flow of the fluid. Appro-
priate hydraulic servo valves and systems for this appa-
ratus are commonly available and are disclosed, for
example, in Sec. 13 of “Control Engineers’ Handbook,”
1st ed., edited by John G. Truxall and published 1958
by McGraw-Hill Book Company. Also, while a sim-
ple master servo valve is shown diagrammatically, it will
be understood that the master-valve part of the servo
may include a pilot valve and a control valve. Lines
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134a and 134) contain chambers 232 and 234 having
diaphragms 236 and 238 connected to each other and to
pivoted T-shaped member 244 by a rod 242. A sta-
tionary double-ended contact element 244 is engaged by
pivoted contact elements 246 and 248 that are biased
toward each other by tension spring 258, but are elec-
trically insulated from this spring.

In the balanced condition of the actuator, both lines
134a and 134b have equal pressure. This may be the
exhaust pressure or it may conceivably be some higher
pressure due to the nature of the control valve 122. In
any event, when piston 1185 comes to rest there are
equal pressures at its opposite sides. With this pressure
equality, member 240 is centered and both elements 246
and 248 are in contact with the ends of element 244. If
there is any imbalance of pressures, energy presumably
is being supplied to actuator 118 and in that condition of
the servo, member 248 moves one or the other element
246 or 248 out of contact with element 244, The mem-
ber 246 and elements 246 and 248 constitute a pressure
switch means which is sensitive to a difference in pres-
sure in lines 134a and 134h. The arrangement of the
pressure switch means does not depend upon disappear-
ance of pressure in both lines as an indication that the
actuator has attained its balanced condition., Instead, the
balanced condition of diaphragm 236 and 238 will pro-
vide the representation of balance that exists even if the
particular hydraulic system used should trap fiuid under
pressure when balanced. The element 246 is electrically
connected to the negative terminal of a source of poten-
tial while the element 248 is electrically connected to the
MEP1 signal line and via a resistor to the positive ter-
minal of the source of potential,
the system is balanced indicating the actuator has reached
the desired position, the MEPI signal is generated, In
other words the assembly functionally replaces com-
parator 58 of FIGURES 4 and 6.

There is a feed-back connection between the master
or control valve 122 and the actuator 118, so as to con-
stitute a servo system. This feed-back system includes
a clamp 146 that is adjustable along shaft 16/ and may
be fixed in place at a desired location. 'The cable 120
extends around fixed pulley 144 and around the large-
diameter portion of stepped pulley 146 and then to a
tension spring 148. Another oable 150 extends from
-valve body 122, around 2 small-diameter portion of
stepped pulley 146, and around other pulleys to the op-
posite end of valve body 122, and it is maintained taut
by tension spring 152. Pulley 146 has a number of dif-
ferent small-diameter portions and a number of differ-
ent large-diameter portions, so that the travel of cable
120 may bear any desired ratio to the much smaller
travel of cable 150. Because of this ratio, body 1224
of the master valve need move through only a short
stroke in achieving a long-stroke mechanical output of
the hydraulic actuator 118, ‘The hydraulic servo involy-
ing valve 122 and actuator 118 with the feed-back con-
pling system as described, can be controlled for opera-
tion through any portion of its operating range by me-
chanical input to spool 1224. The starting position of
the mechanical output element is controlled by adjust-
ment of the feed-back coupling clamp 146 along shaft
10f. The small-diameter portion of pulley 146 is also
made readily adjustable in relation to the large diameter
portion to permit an alternative starting point adjustment.
Cables 120 and 150 are shown wrapped around nearly
360° of the pulley; and if this does not provide suffi-
ciently positive coupling between the two, the cables can
be appropriately formed with bumps, teeth or links for
mesh with a correspondingly formed pulley in order to
completely avoid slip and creep.

For the purpose of providing mechanical point-to-point
control input to the hydraulic servo, the apparatus of
FIGURE 8 includes binary control apparatus.. The bi-
nary. control apparatus comprises a cascade of hydraulic

Accordingly, when.
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actuators 261, 262, 263, etc., arranged in line and slid-
ably supported in line with sensing tip 176 touching the
left-hand hydraulic actuator. Sensing tip 176 is tele-
scopically received in a tube 178 carried by shaft 180a
which extends from one side of master valve spool 122c.
A spring 122g within the valve normally moves spindle
122¢ to the left. Another spring 182 within tube 178
normally biases sensing tip 176 to the extended position
illustrated, limited by abutting portions of the tube 178
and the sensing tip 176 as shown.

An clectromagnetic brake 184 is shown, having a
spring-biased movable portion which suitably engages the
external extension of valve spool 122¢, including tube
178 and shaft 1804, to hold the valve spool in a fixed
position when the brake is deenergized. When the brake
184 is energized, the brake is released. Actuator 261
includes a cylinder 261 and a piston 2615 that extends
outside cylinder 2614 and bears against the cylinder end
of unit 262. Piston 261b has an accurately established
clearance in cylinder 2614 so that, when hydraulic fluid
enters the left-hand end of the cylinder, the piston moves
through a stroke “A.” Unit 262 has an internal clear-
ance between its piston and its cylinder such that it ef-
fects a stroke “2A” when actuated, that is, twice the stroke
of unit 261. Likewise, unit 263 is proportioned to pro-
vide a stroke 4A, and so on, all of the additional units
having successively doubled strokes in sequence. The
number of units and their strokes are chosen to fit the
requirements for maximum length of stroke and maxi-
mum permissible error between the stroke that the ap-
paratus can make and the stroke desired. The maximum
error. will necessarily be “A/2.”

Valves 271, 272, 273, etc., and their related operating
electromagnets 271q, 272a, 273a, etc., are operable to
deliver when energized hydrautic fluid under pressure to
units 261, 262, 263, eic., or, when deenergized, to dis-
charge fluid from these units into the exhaust part of the
hydraulic system. Electromagnet 2714 has its input con-
nected to the X1A signal line, electromagnet 2724 has
its input connected to the X1B signal line, etc. The re-
turns of the electromagnets are coupled via diode X1 and
“or” circuit B80 to the PPCI’ and APPC1’ signal lines.
insures that the valves 271, 272, 273,
etc. are only energizable during a point-to-point control
step. Accordingly, at all other times, the cascade of hy-

‘draulic actuators 261, 262, 263, etc. are retracted to the

leftmost position as viewed in FIGURE 8.

Generally, the point-to-point control information js fed
to the hydraulic actuators 261, 262, 263, etc. while the
brake 184 is deeenergized so that they can establish their
desired states before the servo starts operating to pre-
vent any hunting due to differences in the operating time
of the actuators. This is accomplished by feeding the
PPC1 signal characteristic of point-to-point control via a
suitable delay means, and “or” circnit B81 to amplifier
184. When part 178 is re-
leased by brake 184 it assumes a new setting in accord-
ance with the states of the units 261, 262, 263, etc. as
determined by the combination of the X1A, X1B, X1C,
ete. signals fed to electromagnets 271a, 272a, 273aq, etc.
respectively,

The operation of the apparatus thus far described may
be reviewed at this point;

It may be assumed that sensing tip 176 has been set in
accordance with the desired position to be assumed by
jaw support 10§ of the hydraulic servo actuator and that
brake 184 has just been energized and releases shaft 180,
which assumes the position indicated by sensing tip 176.
Under these conditions, hydraulic fluid is delivered by
one hydraulic line 1344 or 1345 to hydraulic actuator
118. This flow continues until jaw support 10f reaches
the position required by the instruction represented by
the coded combination of X1A, X1B, X1C, etc. signals
from master drum 20 in control 11 (FIG. 1). This is
achieved when valve body 1224 has been shifted by the
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servo feed-back coupling including cable 128 and cable
159 to the place where hydraulic fluid is no longer de-
livered to the hydraulic actuator, that is, until valve body
122q has shifted to the “off” or balanced position rela-
tive to the spool 122¢ of the valve. Where the servo sys-
tem utilized is a hydraulic type of servo as shown, then
the approach of the mechanical output member to its re-
quired end position is reached in a fast motion that is
decelerated automatically as the valve approaches its
“off” or balanced condition. This deceleration is highly
desirable and is here achieved without resort to additional
complicating control apparatus.

When the balanced condition is reached, member 240
is centered and a signal passes on the MEP1 signal line
to the sequence controls (FIG. 2c¢): terminating the
PPC1 signal which causes brake 184 to again grip shaft
180a; stepping master drum- 20 to the next program slot;
and causing the generation of the PPCY’ signal which
deenergizes valves 271, 272, 273, etc.

The next program instruction may or may not be
another point-to-point control. If it is not, then units
261, 262, 263, etc. remain retracted. If this next pro-
gram instruction does not call for radial movement then
brake 184 is not enmergized and still grips shaft 180a.
If, however, another point-to-point control is called for
then a new combination of X1A, X1B, XIC, etc. signals
are generated. Depending on this new combination the
shaft 1864 is to remain stationary or to be moved either
to the right or to the left. If the shaft is to be moved
to the right, the tip 176 is moved to the right and in so
doing it compresses spring 182. Thereafter, when brake
184 is subsequently released, spring 182 expands fully and
element 180 is moved to the right until the abuiting por-
tions of sensing tip 176 and tube 178 engage one another.

If the shaft 186a is to be moved to the left, the pistons °

of pressure units 261, 262, 263, etc. move to the left,
while tip 176 remains engaged against the abutting por-
tions of tube 178, When the brake 184 is thereafter re-
leased, spring 122¢ urges the shaft 180a, with the tube
178 and the tip 176 therewith to the left until tip 176
once again is in contact with the extended piston of units
261, 262, 263, etc.

When the actuator 118 has completed the stroke re-
quired by the position of shaft 1804, the pressure balance
switch will be centered and elements 246 and 248 will be
in contact with element 244 and an MEPL signal is gen-
erated. This initiates a new cycle of operation.

For providing continuous path operation of -actuator
118, spool 122c is provided with a shaft 1805 which in-
cludes a rack 180c driven by a pinion 181. Pinion 181 is
connected via solenoid operated clutch 183 to a synchro
receiver 185 which receives three phases of control volt-
ages. The three phases of control voltages cause the
output shaft of synchro receiver 185 to rotate. With
clutch 183 energized, the shaft 187 of synchro receiver
185 causes shaft 188 of pinion 181 to rotate which re-
sults in spool 122¢ being displaced either to the left or
right. Accordingly, actuator 118 operates in the manner
previously described for point-to-point control.

There are two possible sources of the phased control
voltages: synchro transmitter 189, during the teach mode;
and continuous control element 199 during the operate
mode. The synchro transmitter 189 which is connected
during the teach mode via the relay contacts RC8, RC9
and RC16 of the teach-operate relay TORL to the synchro
receiver 185 has its input shaft 189%a rotated by the setup
man to control movement of jaw support 18f. The con-
ventional interaction of a synchro transmitter and syn-
chro receiver takes place with the rotation of output shaft
187 of synchro receiver 185 following the rotation of the
input shaft 189a of synchro transmitter 189.

The continuous control element 190 includes a mag-
netic tape loop 191 with three tracks opposite read-write
heads TH1, TH2, TH3. When, during the operate mode,
tape loop 191 is driven by tape drive 192 including reels
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193 and 194 and pinch roller 196, driven by tape drive
motor 195, previously recorded magnetic patterns are
sensed by read-write heads THI, TH2 and TH3 to pro-
duce phased voltages which are fed via amplifiers A81,
A82 and A83, and relay contacts RC5, RC6, and RC7 of
the teach-operate relay TORL' to synchro receiver 185.
During the teach mode, a previously erased tape loop
191 which is being driven by tape drive 192 has the rep-
resentations of the phased control voltages recorded there-
on. In particular, while synchro transmitter 189 is feed-
ing phased control voltages via relay contacts RC8, RC®
and RC10 of the teach-operate relay TORL to synchro
receiver 185, they are also fed via “and” circuits G886,
G81, G82 (if a continuous-path control is to be recorded)
to read-write heads TH1, TH2 and TH3, respectively.

Also included on tape loop 191 are control tracks, in-
cluding a control track upon which are controllably re-
corded pulses indicating the end of a continuous-control
path, A magpetic read-write head TH4 is disposed oppo-
site a control track of tape loop 191. Read-write head
TH4 is normally connected to the moving contact of the
contact RC11 of the teach-operate relay TORL. Dur-
ing the teach mode, the moving contact is against the
normally open contact which is connected to the output
of “and” circuit G83 whose inputs are connected to the
MSD and CP1 signal lines so that whenever a pulse is
generated at the end of a continuous control recording
during the teach mode, a control mark is recorded on the
control track. During the operate mode, the previously
recorded pulses are fed via the amplifier A85 whose input
is connected via the mormally closed contact of contact
RC11 to the ECP1 signal line.

The operation of the tape drive motor 195 is controlled
by the relay 1955 which, when energized, causes power to
be applied to said motor. Relay 195b is energized by
flip-flop FF8¢ which has its “1” output connected to the
input of said relay. Whenever flip-flop FF80 is set, it
energizes relay 195h. The set input of flip-flop FF86 is
connected via a differentiating capacitor to the output
of “or” circuit B82. The signal inputs to “or” circuit
B82 indicate when the flip-flop is to be set. The CPi
signal associated with the recording of continuous path
control areas for the radial-movement degree of freedom
during the teach mode will start the motor 195 so that a
continuous path can be recorded on a magnetic tape loop
i91. Each degree of freedom which is subject to con-
tinuous control will have a tape loop similar to tape loop
similar to tape loop 191, All the tape loops have drives
that are synchronized, as by means of separate syn-
chronous motors and on-off control relays such as relay
195h with a common A.-C. power source so that the con-
trol woltages for all the degrees of freedom are func-
tionally related to each other. The CPCI signal (FIG-
URE 2¢) derived. from previously recorded continuous
path control pulses associated with the first degree of
freedom can set the flip-flop FF8¢ during the operate
mode. The HPD signal will set the flip-flop FF8® at the
end of a program so that the tape loops can be driven
to the home or start position. With flip-flop FF80 set,
relay 195b is energized and tape drive motor 195 oper-
ates. To unset flip-flop FF80, a signal is required from
the output of the “or” circuit B83. The MSD signal at
one input of the “or” circuit B83 is used to unset the flip-
flop during the teach mode after each program step has
been recorded. The FMClq signal fed to the second in-
put of “or” circuit B83 will unset the flip-flop when the
tape loop reaches its home position. The last input of
the “or” circuit B83 is the signal CPC1’ from flip-flop
FF1 in its reset state.

Whenever the program is to be changed, the tape loops
191 are demagnetized (by means not shown) or replaced
by magnetically neutral tape loops and the old tape loops
are stored in a library for possible use at a later time.

A separate control track on each of the tape loops is
used to indicate the start of a program. Opposite this
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control track on tape 191 is a magnetic read head THS
which will sense a pre-recorded indicating the home point
or the start of the program. Whenever this pulse is
sensed, it is amplified by amplifier A86 which transmits
an FMCla pulse.

The operations for driving shaft 1804 will now be sum-
marized. During the teach mode, the characteristic TCH
signal is present and the TORL relay is also energized.
‘Accordingly, relay contacts RCS, RC6 and RC7 open
and relay contacts RC8, RC9 and RC1€ close. In addi-
tion, the TCH signal passes via “or” circuit B81 and
amplifier A8% to energize brake 184 which releases its
grip on shaft 1884. The TCH signal also passes via “or”
circuit B84 to amplifier A84 which energizes clutch 183
connecting shaft 187 to shaft 188; and which energizes
brake 1884 which frictionally engages shaft 1805 just
sufficiently to only nullify any action of spring 122g.
Accordingly,
receiver 185.

It should be noted that during the modify mode the
TCHA signal performs the same functions of the TCH
signal at “or” circuits B81 and B&4.

If a point-to-point movement is to be recorded, then
as the setup man rotates shaft 1894, actuator 118 fol-
lows and drives position encoder 56A and the final co-
ordinate is recorded in the usual manner. In particular,
the position encoder 56 of FIGS. 2a and 4 is mechanically
connected to the jaw support 10f. The tracks 56z to
S6e thereof are in fixed relation to the cylinder 118a.
Each track includes coded combinations of segments
wherein, for example, the darkened segments carry a
negative voltage and the other segments are insulated.
The coding of the segments 564 to 564 represent digitally
the position of the jaw support 10f at each point in its
range. Although four coded tracks are shown, usually a
much larger number are used. The track 56e is used
to provide the sampling signals required during the
operate mode. Disposed opposite each of the tracks 56a
to 56¢ inclusive are the contact brushes 564’ to 56¢’.
These brush contacts are mechanically coupled together
and fo jaw support 16f. They are driven in unison over
their respective tracks as the jaw support 18/ is moved.
The movement of the brushes can either correspond to
or be proportional to the movement of jaw support 197",
Each of the brushes 56a to 564" is connected to one of
the signal line SP1A to SP1D, respectively.” Conse-
quently, these signals lines carry coded combinations of
voltages representing the radial position of the jaws 10a.
In other words, these lines carry a digital representation
of the radial coordinate of the arm 10a. These coded
combinations of SP1A to SPID signals are fed to master
control ‘11 and when the setup man has directed jaws
104 to the desired position he momentarily depresses the
switch SSW (FIG. 2a). The MS signal so generated
passes through “and” circuit G279 to become the MSD
signal which gates the SPIA to SP1D signals via “and”
circuits G22c to G22f to write heads WH3 to WHS. -

If, however, a continuous path control movement is
to.be recorded, it will be recalled that the CP1 signal will
be present by virtue of the sefting of the TCSW1 switch
(FIG. 2a). The CP1 signal opens “and” circuits G80,
G81 and G82, alerts “and” circuit G83, and sets flip-flop
FF80 via “or” circuits B82 which energizes tape drive
192. The tape loop 191 starts moving and as synchro
transmitter 189 sends phased control voltages to synchro
receiver 185 to move actuator 118, they are also fed via
“and” circuits G80, G81 and G82 to be recorded by read-
write heads TH1, TH2 and TH3. When the setup man
pushes the step switch SSW (FIG. 2a) to end the con-
tinuous path control step recording and to step the master
drum 20 in the usual manner, MSD signal passes via
“or” circuit B83 to unset flip-flop FF80 halting tape drive
192, and passes via “and” circuit G83 and relay contacts
RC11 to be recorded by read-write head TH4 as an end
of centinuous path control pulse.

spool 122¢ can now be driven by synchro
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During the operate mode, a continuous path control
instruction is indicated by the generation of the CPC1
signal by the sequence control (FIG. 2¢). The CPC1
signal at an input to “or” circuit B81 energizes brake

'184, at an input to “or” circuit B84, energizes clutch 183

and brake 1804, and at an input to “or” circuit B82,
energizes tape drive 192. Spool 122¢ is capable of being
driven and the tape loop %1 starts moving past the
read-write heads TH. The phased control signals in-
duced in read-write heads THI, TH2 and TH3 are fed
vie amplifiers A81, A82 and A83 and now closed relay -
contacts RCS, RC6 and RC7 to synchro receiver 185, and
spool 122¢ moves and is followed by actuator 118. When
the end of continuous path control pulse is read by read-
write head TH4, it is fed via relay contacts RC11 and
amplifier A85 to the ECP1 signal line. Sequence con-
trol (FIG. 2¢) in response thereto stops generating the
CPC1 signal and starts generating the CPC1’ signal. The
CPCY’ signal at an input of “or” circuit B83 unsets flip-
flop 80, deenergizing tape drive 192. The disappearance
of the CPC1 signal at an input of “or” circuit B&81 causes
deenergization of brake 184 which now grips shaft 188a
The disappearance of the CPC1 signal at an input of “or”
circuit B84 causes deenergization of clutch 183 and brake
180d, releasing spool 122¢ from drive input from shaft
180b. Brake 1805 is provided to nullify any action
of spring 122¢ while the top loop 191 comes up to speed.

It should be noted that, while conventional synchro
transmitters and receivers are shown, two-phase motors
could be employed wherein only a single phase control
voltage is recorded on tape loop 191 to supply a control
A.-C. phase voltage while the A.-C. voltage that drives
tape drive motor 195 supplies the other or reference A.-C.
phase voltage. Similarly, the motors may be of the
type that rotates a step at a time, and the recordings may
take the form of a sequence of impulses together with
direction-control recordings on the tape. These con-
tinuous-path types of control are well known per se.

Furthermore, instead of using a tape loop 191, ordinary
reels of tape may be used such as are used in magnetic
sound recorders, and a conventional reversing mechanism
should then be employed in tape feed 192, to operate
at the end of the recorded program.

It 'will be noted that in the disclosed embodiment, the
tape stopped after each continuous path control move-
ment to allow for a point-to-point check. It is equally
possible to keep the tape moving with no phased control
voltages recorded in sections and to perform the point-
to-point corrections or checks during the times when
these blank sections of tape are fed past heads THI,
TH2 and THS3.

In addition; it i possible to record the desired point-
to-point coordinates on parallel channels of the same
tape instead of on the master drum 20, using additional
read-write heads of appropriate design.

The apparatus described can be used in various other
ways, with important advantages resulting,. The con-
tinuous-path motion may be the usual operation except
that at critical points along the program, where more pre-
cise orientation is needed, a digital instruction may be in-
troduced. Thus, the continuous-path controlled motions
may beaccurate to ¥4 inch in a given apparatus, and it may
be important to increase the precision to 14» inch. At
each such point, the apparatus is programmed to execute
the refined positioning digitally, to resume continuous-
path controlled motion thereafter. The same procedure
is of great importance, too, in guarding against the pos-
sibility of the continuous-control sensing head becoming
out of range or out of step relative to the control record-
ing. Interposed digital checks enforce reorientation.
This procedure may be of Telatively minor significance
in connection with the recorded-contour type of continu-
ous-contro] of FIG, 4 described above. In the controlled-
phase system of synchro control in FIG. 8, one rotation
follows after another under tape control, and operation
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of the drive motors continues only so long as-the tape
drive is maintained. Any momentary failure of power
could cause the various degrees of freedom to drop out
of coordination. Errors that tend to occur in such con-
tinuous-path control systems can be corrected by the
periodic digital checks described above. The actuators are
thereby restored to the originally intended relationships
to the control recordings, and cumulative errors are elim-
inated. )

In the illustrative sequence of operations described, the
program involved executing a point-to-point error-cor-
recting operation following each continuous-path .pro-
grammed pattern of motion. It was also shown that a
sequence of point-to-point motions can be executed with-
out intervention of continuous-path control. If it were
always desired to execute continuous-path motions in all
degrees of freedom, alternating with digital-coordinate
checks at intervals, the digital slots for all the read
heads in each degree of freedom could be incorporated
directly on the same record medium as that of the con-
tinuous-path traces 72a and 72b, in tracks additional to
those of heads TH4 and THS in FIG. 8, and this is a
specialized form that is contemplated as a feature of the
invention. Correspondingly digital slots can be provided
on discs 72 for this kind of periodic digital checks.

Referring to FIG. 2c, it will be recalled that the end-of-
path pulses ECP1 and ECP2 caused an automatic digital
check of positioning of the radial and sweep actuators
10c and 10e by setting flip-flops FF2 and FF4. If this
were not desired, then of course such input connection
of the ECP signals to the point:to-point flip-flops should
be broken, and delay lines D1 and D2 should be by-
passed, using switches S1 and S2 for this purpose. It
should be noted, however, that the ECP signals are effec-
tive by unsetting flip-flops FF1 and FF3 to restore drum
28 in control. Thus, each program device 26 and 72
(or 191) carries not only motion-control record portions,
but also function-control recordings. Upon completion
of each pattern of motions under control of one of the
described program devices 20 or 72 (or 191), there is a
recording on that program device that has the effect of
transferring control to the other program device.

The article transfer mechanism of FIG. 1 has' been
treated in broad outline, both when operated with the
control apparatus of FIGS. 2-7, inclusive, and when oper-
ated with the control apparatus of FIGS, 24, b, ¢, d, 3
and 8, since the details of the article-transfer mechanism
per se do not constitute features of the present invention
and since various forms of article transfer mechanism
having program control means are well known to those
skilled in the art. Nevertheless, it may serve a useful
purpose to include here a more detailed description of a
known form of program-controlled article transfer ap-
paratus incorporating the control features in accordance
with the present invention. Such apparatus is shown in
FIGS. 9-12 equipped with the control means of FIGS.
2-7, inclusive.

Base 200 of the article transfer unit in FIGS. 9-12 ro-
tatably supports vertical post 202 within stationary tube
204 on suitable bearings. Dual drive chains 206 extend
around sprockets on post 262 and to a rotary drive motor
in base 269.

At the top of post 202 there is a pivotal connection
208 to arm 210.. An outer tubular shell 212 fixed to
post 282 provides support for the lower end of hydraulic
actuator 214 whose rod 216 operates arm 210 in up-and-
down swinging strokes about the horizontal axis of pivotal
connection 208. Actuator 214, shell 212 and arm 210
move as a unit about the axis of post 202.

Arm 210 carries a head 218 that supports gripper 2249.
Head 218 is operable along arm 210 to extend and re-
tract gripper 220 to various positions displaced radially
from the axis of post 202. . For this purpose, a hydraulic
actuator is incorporated in arm 210 represented by the
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tubes 226 and 226a received in bores in arm 210. Oper-
ation of actuator 222, 224 moves head 218 in and out
radially.

Head 218 includes a housing 228 providing bearings for
shaft 230. Sub-housing 232 is secured to shaft 230 for
“wrist-bend” motion about the axis of shaft 230. Frame
234 is.rotatable about an axis along rod 224 to provide
for twist movement of jaws 220.

Wrist-bend actuation of the jaws 220 carried by sub-
housing 232 is accomplished by the following drive mech-
anism.. Secured to shaft 230 is a driven bevel gear 236
that meshes with a drive bevel gear 238. An operating
rod for gear 238 is received in tube 226 and extends along
arm 216 via an internal splined telescopic connection to
a bevel gear 240 at the opposite end of arm 210, Bevel
gear 242 fixed to shaft 244 meshes with gear 240 and
is driven by a double sprocket-and-chain connection 246
to a pair of hydraulic actuators 248. The chain inter-
connects these actuators, each actuator having one hy-
draulic pressure line for operating the chain connection
intension only. These actuators maintain the drive chain
taut while one actuator or the other develops greater
pull to rotate shaft 244 and thereby to drive gears 242,
240, 238 and 236, and to effect the wrist-bend operation
of sub-housing 232.

Twisting motion of the article gripper is accomplished

"by the following mechanism. To the inner end of frame

234 there is secured to bevel gear 250. A back-to-back
couple of bevel-gears 252 to form a unit rotatably sup-
ported on shaft 238 and they provide a drive connection
to gear 250 from drive bevel gear 254. The latter is
operated by a rod within tube 226 and this rod has a
telescopic splined connection to another rod that is secured
to another bevel gear 256 at the opposite end of arm
210. Bevel gear 258 meshes with gear 256, and gear
258 is fixed to shaft 260 that is rotated by a sprocket-and-
chain drive 262, and dual hydraulic' actuators 264. In
all respects the latter are like actuators 248 except that
they are designed and pressured to produce a weaker op-
erating force at the head 218 than that of the wrist-bend
operating. means. . Operation-of hydraulic actuators 264
transmits twist-motion drive to frame 234 via chain drive
262, bevel gears 258 and 256, via internal telescopic drive
rods to bevel gears 254, 252 and 250.

When the wrist-bend motion of jaws 220 takes place,
bevel gear 250 travels about the axis of shaft 230. Inas-
much as bevel gearing 252, 254, etc., is constrained by its
drive means, there is a tendency of frame 234 to execute
a twist motion incidental to each wrist-bend operation.
If no such twist motion is desired, a compensating or re-
verse-drive operation of the twist actuating drive train is
executed during such operation of the wrist-bend drive
means.

Jaws 228 are pivoted to frame 232. At their operating
ends, jaws 220 have pivoted links 266 which in turn are
pivotally connected to the outer extremity of a piston unit
268 forming part of a pneumatic jaw actuator contained
in frame 234 and suitably supplied with operating air
pressure to close jaws 220 in gripping an article, via pas-
sage 269. .

The position of head 218 is represented by the foliow
ing digital encoding means. Cable 270 has one end 272
fixed to arm 216 and extends around freely rotatable
pulley 274 to an internally tensioned wind-up reel 276.
Pulley 274 is secured to rod 224 and moves in and out
(like shaft 10f) in accordance with the movements of
head 218. A pinion-and-gear connection 277, 278 cou-
ples reel 276 to a digital shaft-position encoder 280 cor-
responding to encoder 56 in FIGS. 2a and 4, ordinarily
having a much larger number of code elements than the
four ' (A, B, C and D) of encoder 56. Further, the con-
tinuous magnetic program disc 72, drive 73 and sensing
head 74 of FIG. 4 finds its counterpart in drum 282 of
magnetizable matexrial, drive 284 and sensing head 286.
The latter is carried along the surface of drum 282 and
paralle] to the drum axis by a coupling chain 288 that
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extends around idler sprocket 282 and around sprocket
299 fixed to gear 278 of encoder 280. A pair of com-
bined at-rest sensing recording heads 294 and 296 are
disposed adjacent one end of drum 282, beyond the end
of the operating range of head 286. Radial in-and-out
operation and control of head 218 is effected under con-
trol of the apparatus fully discussed above in connection
with FIGS. 27 and need not be repeated here.

Additional digital encoders are provided for program-
control of the other motions of the illustrated unit. Thus,
a digital shaft-position encoder 298 on shaft 260 furnishes
digitally coded output and represents unit 56 of FIGS.
2a and 4 for the “twist” degree of freedom. Correspond-
ingly, a like encoder (not shown) on shaft 244 furnishes
digital output for a control system as in FIGS. 2-7 for
the wrist-bend degree of freedom; and another encoder
300 mounted on post 202 is coupled by pinion 382 and
gear sector 304 that is fixed to arm 210, for providing
digital output in a further programmed control system as
in FIGS. 2-7 for the up-and-down swinging motion of
arm 210.

Still further, a digital encoder 30§ is mounted on the
stationary tube 204 and coupled by gears 368 and 310 to
post 202 for providing digital output like unit 56 in pro-
gram-controlled operation of arm 210 around the vertical
axis of post 292. - Further, slidably guided rack member
310, in mesh with gear 308, carries a combined record-
ing and pick-up head 312. Drum 314 cooperates with
head 312 for providing continuous-path magnetic-contour
control -corresponding to head 74 and disc 72 in FIG. 4.
Combined at-rest recording and sensing heads 318 and
320 correspond to heads 91 and 26 of FIG. 4. Drive
316 for drum 314 corresponds to drive means 73 of FIG.
4.  Drives 316 and 284 are operated in synchronism, as
described in connection with the operation of the control
operation of the apparatus in FIG. 4. A further mag-
netic-profile control (not shown) like that involving drums
282 and 314 is contemplated for the up-and-down con-
tinuous-path control of arm 210, to be mounted on tubu-
lar shell 212 and coupled to gear sector 304.

In considering further the comparison of the transfer
mechanism of FIGS. 9-10 with that of F. 1, jaw-operat-
ing solenoid 105 finds jts counterpart in pneumatic ac-
tuator 268. Jaws 220 are normally biased open but are
closed pneumatically by controlling a solenoid valve (not
shown) under the same control provided for solenoid
185 as described in connection with FIG. 2a. Magnetic-
contour control is not normally needed for controlling
the twist motion and the wrist-bend of the head unit 218.

The operation of the transfer mechanism of FIGS. 9-12
will be understood without review of the operation. of
the coordinated controls as set forth in connection. with
the discussion of FIGS. 2-7 inclusive. By like token, it
is believed unnecessary to illustrate the application of
the control means of FIG. § to the article transfer unit
of FIGS. 9-12. In that application, the digital encoders
and magnetic contour controls in FIGS. 9-12 are to be
omitted. Instead, the master valve 122 of FIG. 8 is to
be mounted on the same support as that which carries
the hydraulic actuator, for each point-to-point and con-
tinuous-path program-controlled degree of freedom,
together with the control devices 261, 262, 263, etc., and
the synchro receiver apparatus (FIG. 8) associated with
the master valve.

The program drums, tapes and the coordinating circuit
apparatus described in connection with FIGS. 1-8 are
not part of the mechanically moved parts of the transfer
unit of FIGS. 9-12 and are conveniently contained in
based 200; and all appropriate hydraulic and pneumatic
pressure sources for the described actuators will ordinarily
be mounted on the stationary part of the unit. Such
equipment has been deliberately omitted from the draw-
ings and the description as being unnecessary to an
understanding of the invention.
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What is claimed is:

1. Apparatus comprising a work member and actuating
means therefor, first control means including continuous-
control program means for said actuating means for pro-
ducing a prescribed path of movement by said work mem-
ber, second control means including point-to-point pro-
gram means for said actuating means for producing a
stroke of movement by said work member from a first
position to a second position, and operation-controlling
detector means for rendering said first and second control
means selectively operable. .

2. Program-controlled apparatus including a work
member operable in various degrees of freedom, an
actuator for operating the work member in one of said
degrees of freedom and programmed control means for
said actuator including continuous-control program
means, point-to-point program means, and program-
controlled means for rendering a selected one of said
control means effective to control said actuator at any
given time and in selected sequence,

3. Apparatus comprising a work member, multiple
actuators for operating said work member in multiple de-
grees of freedom, respectively, control means for said ac-
tuators including for each of at least two of said actuators
continuous-control program means and point-to-point
program means, and selective means for rendering either
said continuous-control program means of said two ac-
tuators or said point-to-point program means of said two
actuators effective concurrently, said selective means in-
cluding automatic operation-controlling means for deter-
mining whether said two continuous-control program
means or said two point-to-point program means are
to control the operation of said two actuators following
at least certain operations of said actuators in a pro-
grammed sequence of operations.

4. Article handling apparatus, including an article-
holder and operating means for causing said article-holder
to engage and release an article, multiple actuators for
operating said article-holder in multiple degrees of free-
dom, respectively, coordinated control means for said
article-holder operating means and said aciuators includ-
ing program means for said article-holder operating means
and program means for each of said actuators, the latter
program means for each of at least two of said actuators
including a continuous-control program means and a
point-to-point program means, and master program means
for rendering said continuous-control program means and
said point-to-point program means selectively effective in
producing coordinated motions of the article-holder in its
various degrees of fredom and in effecting successive mo-
tions of the article-holder and operations of the article-
holder to seize and release articles under control of said
program means as selected by the master program means.

5. Apparatus comprising a work member, multiple ac-
tuators for operating said work member in multiple
degrees of freedom, respectively, conirol means for said
actuators including, for at least two of said actuators,
magnetic-contour tracking means having a magnetic-
contour recording and means for sensing said recording
coupled to a respective one of said actuators for propor-
tional operation of the work member; said control means
for at least two of said actuators including point-to-point
program means, and programmed control means for ren-
dering said magnetic-contour tracking means and said
point-to-point program means selectively effective con-
currently and sequentially. S

6. Apparatus comprising a work member, multiple ac-
tuators for operating said work member in multiple
degrees of freedom, respectively, control means for said
actuators including, for each of at least two such ac-
tuators, first continuous-contro] program means and
second program means including recordings of the co-
ordinates of a succession of positions to be assumed by
said work member in the related degrees of freedom
and sensing means for said recordings, and said work
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member having for each of said two actuators a position
encoder and comparison means for the encoder and the
second program means related to each actuator, respec-
tively, means providing a control signal evidencing match
between each said encoder and the corresponding posi-
tion recording, and program control means for selecting
said first and said second program means for respective
degrees of freedom for.concurrent and successive opera-
tion. : : :
7. Apparatus comprising a work member, multiple ac-
tuators for operating said work member in respective
degrees of freedom, respectively, control means for said
actuators including, for each of at least’ two of said
actuators, continuous-control program means and point-
to-point program means, master program means for se-
lecting which of the program means for each said actuator
is.to be effective at any particular time, signalling means
coordinated with said continuous-control program means
for providing an end-of-path signal, second signalling
means for providing an end-of-stroke signal during times
when said point-to-point program means has been se-
lected, and control connections from said signalling
means to said master program means for advancing the
master program means to its next control condition.

§. Teachable apparatus, including a work member, ac-
tuating means therefor, manual control means for said
actuating means, first recording means for producing a
record representing continuous paths of motion of the
work member when operated under manual control, sec-
ond recording means for registering a program of control
entries representing successive positions assumed by said
work member, selective means for rendering said record-
ing means effective, control means for said actuating
means and master program means for rendering said con-
trol means operable selectively and sequentially under
control of said continuous-path record and said position-
representing program entries.

9, Teachable apparatus, including a work member, ac-
tuating means therefor, control means for said actuating
means including a mamual control therefor, first record-
ing means for producing recordings representing con-
tinuous paths of motion of the work member when op-
erated under manual control and for producing end-of-
path control records representing the end of each con-
tinuous-path motion, second recording means for produc-
ing control records representing successive positions as-
sumed by said work miember, means for rendering said
recording - means effective selectively, master program
means for rendering said control means operable selec-

tively and sequentially under contro] of said continuous--

path recordings and said position-representing records and
means for sensing said end-of-path coritrol records for
advancing said master program means.

10. Apparatus including a work member, and actuat-
ing means and control means therefor, first and second
program controllers for said control means, each of said
program controllers including a sequence of motion-con-
trol portions, sensing means cooperating with the motion
control portions of each said program controllers, drive
means for relatively advancing the respective control por-
tions past the related sensing means, programmed means
for rendering said program controllers effective selectively,
and means signalling the completion of each controlled
motion for subjecting said control means to the succeed-
ing control conditions of said program controllers.

11. Apparatus comprising a work member, multiple ac-
tuators for operating said work member in multiple de-
grees of freedom, respectively, control means for said
actuators including, for each of at least two of said ac-
tuators, continuous-control program means and point-to-
point program means, programmed control means for
rendering selected ones of said program means effective
concurrently and in sequence and means signalling the
completion of an operation by all operating actuators for
advancing said programmed control means to effect sub-
sequent program selections.
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12. Program-controlled apparatus; in¢luding a work
member, first and second .actuators fof opetating said
work member through movemenis in first and second de-
grees of freedom, and program-controlled- means for of<
fecting such movements, said program-controlled mi€aiis
for each of said actuators including a contimuous-path ré-
cording, sensing means therefor, a digital recording and
sensing means therefor, drive means for advancing said
recordings including means for advancing said continuous-
path recording progressively, and means responsive to
discrete recordings on said continuous-path recording for
rendeting said digital recording and its sensing means ef-
fective to control said actuators. :

13. Program-controlled apparatus, including a work
member, first and second actuators for oOpetating said
work member through movemeénts in first and second de-
grees of freedom, and program-cont‘rolled means for &fs
fecting such 'movéments, said progtam-controlled means
for each of said actuators including & continuous-path
recording, sensing means thefefor, a digital r’épording and
sensing means therefor, and mieans fesponsive to comi
pletion of each controlled movemeént of said actuatots for
renderifig said recordings effective in gelected sequieice
for conttolling said actuators, o .

14. Program-controlled appatatus, intluding & Wwork
memiber, a first actuator and a second attudtot for operat:
ing the work member in fitst and secorid degtées of fie:
dom respectively, and prograni-controlled means for éf=
fecting predetermined movements of said agtuators, in=
cluding a first program Control means fof each of said
actuatots, a second program ¢ontrdl means fof each of
said. actuators, mastef prografii means fof seléétively ren=
dering respective onies of said programi contfol méans ef:
fective, and means for advancing said mastet control
means to successive control positiéns for selettively fen-
dering respective ones of said first program conttol méans
and said second prograin ieans effegtive in progranime
succession. ) ) )

15. Program-contiolled appafatus, including & Work
member, a first ac¢tuator and a second actuatér fof Op: -
erating the work member in first and seCond degtees of
freedom respectively; and progiani-contfolled means fof
effecting predetermified movenients of said actuatof$, in:
cluding a first program control means fof each of said
actuators, a second program €ontrol meéans for each of
said actuators, means signalling eompletion of éach pro:
gram-controlled movement under ¢ontiol of said fifst pio:
gram control means, and means comntrolled by said sig:
nalling means for rendering said second prdgram ¢ontrol
means effective to control a respective actuator. ]

16. Program-controlled apparatus, including a4 work
member, a first actuator and a second actuatot for op-
erating the work member in first and second degfees Of
freedom respectively, and program-controlled means for
effecting predetermined movements of said actuators, in-
cluding a first program control means for each of said
actuators, a second program control means for each of
said actuators, master control means effective to render
selected ones of said control means effective to produce
first program-controlled movements, and means respon-
sive to completion of program-controlled movements when
under control of said first program control means for
subjecting the corresponding actuators to control by said
second program control means independent of said master
control means.

17. Program-controlled apparatus, including actuating
means and means for controlling said actuating means in-
cluding multiple program controllers each having a se-
quence of motion-control portions, sensing means coop-
erating therewith and drive means for relatively advancing
said control portions past the related sensing means, and
master program means for rendering said program con-
trollers effective in selected sequence,

18. Program-controlled apparatus, including actuating
means and means for controlling said actuating means
including multiple program controllers each having a
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sequence of motion-control portions, sén‘sin‘g means co-
operating therewith and drive means for relatively advanc-
ing said control pottions past the related sensing means,
and each program controller having control means for
transferring control of said actuating means to another
of said program controllers so that said actuating means
executes predetermined operations under control of said
program controllers in sequence.

19. Apparatus comprising a work member, multiple
actuators for operating said work member in multiple
degrees of freedom, respectively, control means for said
actuators including, for each of at least two of said ac-
tuators, means for generating phased signals representa-
tive of continuously controlled paths of motion of said
work member, said generating means including a re-
cording of corresponding phased signals and means for
sensing said recording, said control means for at least
said two of said actuators also including point-to-point
programmed control means, and program control means
for rendering either said phased signal generating means
or said point-to-point programmed means of any one de-
gree of freedom selectively effective and for coordinately
rendering effective the control means in the other degrees
of freedom in any coordinated operation of all said ac-
tuators and in a sequence of such coordinated operations.

20. Program-controlled apparatus comprising a work
member, multiple actuators for operating said work mem-
ber in multiple degrees of freedom, respectively, respective
control means for said actuators, and coordinating means
for effecting concurrent and sequential programmed. op-
eration of said respective control means, said control
means for said actuators including, for each of at least
two of said actuators, a continuous-path control and a
point-to-point control, said continuous-path control in-
cluding a recording of phased signals representing desired
motions, sensing means cooperating therewith for generat-
ing phased control signals, and an actuator control re-
spective to the generated control signals, said point-to-
point control including a point-to-point stored program
and sensing means cooperating therewith, said coordinat-
ing means including selective means for rendering effec-
tive either the point-to-point control or the continuous
path control in each degree of freedom provided with such
controls.

21. Apparatus in accordance with claim 20, wherein
said point-to-point stored program is represented by a
sequence of digital combination codes and wherein said
control means includes means representing in digital com-
bination code form the position of the related actuator,
and said control means further including means for com-
paring the digital codes of said stored program and the
digital codes of said position representing means to in-
dicate coincidence when the codes agree.

22. Apparatus in accordance with claim 20, wherein
said control means for said two actuators includes a com-
mon master control device for each said actuator con-
trolled both by said continuous-path control and by said
phase control, wherein said stored program is represented
by a sequence of digital codes, and wherein said point-to-
point control includes a digital-code-to-position converter
for determining the adjustment of said common master
control when said point-to-point control has been rendered
effective.

23. Apparatus comprising a work member, multiple
actuators for operating said work member in multiple
degrees of freedom, respectively, control means for said
actuators including, for each of at least two of said
actuators, means for generating phased control signals
representative of continuously controlled paths of motion
of said work member, said generating means including
a recording of corresponding phased signals and means
for sensing said recording, said control means for at least
said two of said actuators including point-to-point pro-
grammed control means, and program coordinating means
for rendering said phased control signal generating means
effective, and said phased control signal generating means
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including meais for rendering said point-to-point program
means of the corresponding actuator effective at the end
of each controlled continuous-path motion.

24. Teachable apparatus, including a work member,
actuating means therefor, manual control means for said
actuating means, first means for recording a phased con-
trol signal representing continuous paths of motion of the
work member when operated under manual control, addi-
tional means for establishing a point-to-point program
representing successive positions assumed by said work
member, selective means for rendering either said addi-
tional means or said recording means effective to store
representations of a sequence of manually controlled mo-
tions of said actuating means, control means for said
actuating means and master program means for rendering
said control means operable selectively and sequentially
under control of said phased control signal recording and
said position-representing program.

25. Apparatus comprising a work member and actuat-
ing means therefor, a plurality of program controllers
for storing digital representations of given positions of
said work member, at least one of said program control-
lers having transfer of control indicia and sensing means
therefor, control means for said actuating means, selec-
tive means for rendering said control means responsive
to one of said program controllers for producing a stroke
of movement to the position represented by the digital
indicia thereof, and means responsive to said transfer of
control indicia for controlling said selective means.

26. Program-controlied apparatus comprising a work
member and multiple actuators therefor in a correspond-
ing plurality of degrees of freedom, a master program
controller and an auxiliary program contrcller, each of
said program controllers having a sequence of motion-
control representations and transfer indicia, control means
for said actuators responsive to the motion-control rep-
resentations of said program controllers for executing
prescribed motions in succession, and selective means re-
sponsive to said transfer indicia for shifting control of
said actuator control means from the program control
means bearing such transfer indicia to the other of said
program controllers,

27. Programmed apparatus for handling an article and
either loading or unloading a pallet with such articles,
which includes an article holder, means for actuating
said article holder to engage and release articles, multiple
actuators operative to move said article holder through
a sequence of positions in multiple degrees of freedom,
a master program controller for said actuators having a
sequence of motion-controlling portions for executing
a cycle of article-transporting motions, an auxiliary pro-
gram controller for said actuators having a sequence of
pallet-spotting portions for causing operation of said mul-
tiple actuators to a pattern of pallet locations, said master
controller having means effective at a predetermined part
of its cycle to transfer control of said multiple actuators
to said auxiliary controller and having homing means for
repeating the cycle thereof, said auxiliary controller
having means associated with each of said pallet-spotting
portions for effecting transfer of conirol of said actuators
to said master controller, and said program controllers in-
cluding means for causing operation of said article-holder
actuating means once during each cycle of said master
program controller and once at each pallet-spotting loca-
tion of the auxiliary controller so as to load or unload
the pallet with articles, as may be desired, and to transport
such articles through a sequence of motions.

28. Apparatus comprising a work member, at least
two actuators for operating said work member in a corre-
sponding number of degrees of freedom, respectively, a
first pair of program means for controlling said two
actuators to effect a prescribed series of motions there-
of, at least one further pair of program means for control-
ling said two actuators to effect at least one further pre-
scribed series of motions thereof, and automatic means
including a detector responsive to a prescribed control



3,306,471

55

condition for changing the operation of said two actuators
from control by one of said pairs of program means to
control thereof by another said pair of program means.

29. Apparatus comprising a work member, at least two
actuators for operating said work member in a correspond-
ing mumber of degrees of freedom, respectively, a first
pair of program means for controlling said two actuators
to effect a prescribed series of motions thereof, at least
one further pair of program means for controlling said
two actuators to effect at least one further prescribed
series of motions thereof, and detector means respousive
to successive control conditions occurring in the course
of operation of the apparatus for automatically rendering
a selected pair of said program means effective to control
the operation of said two actuators ensuing after each
detection of a control condition. : )

30. Apparatus in accordance with claim 26, wherein
said work member is an article-holder having means con-
trolled by one of said program controllers to seize and re-
lease an article, and wherein one of said program con-
trollers contains motion-control representations for caus-
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ing the article-holder to execute a routine of motions and
wherein the other of said program controllers contains
motion-control representations to cause the article-holder
to move to a succession of article-spotting locations of a
pallet, said program controllers comprising means for
causing repetitions of said routine of motions in alterna-
tion with successive motions of the article-holder to differ-
ent ones of said article-spotting locations.

References Cited by the Examiner
UNITED STATES PATENTS

2,590,091  3/1952 Devol -iomemooommoo 318—28
3,003,629 10/1961 Henderson ———-—--—-- 209—74
3,073,998 1/1963 BOWEr —cooemcmmmmme 318—20
3,086,154 - 4/1963 Lowther -~ 90—13 X
FOREIGN PATENTS
781,465 8/1957 Great Britain.

MARVIN A. CHAMPION, Primary Examiner.



