
0 H 4 9 2 
B B H 4 2 

357mm 
Nov. 6, 1973 

0 

United States Patent 1191 1111 
Dukette 145] 

[541 SENSOR RESPONSIVE CYBERNETICS 3,422,967 1/1969 MACHINE 2,378,570 6/1945 Mitchell...... 3,272,347 9/1966 Lemelson........................ 

[75] Inventor: William J. Dukette, Palisades Park, 
NJ. OTHER PUBLICATIONS 

. _ . . - Computer Control of a Mechanical Arm Through Vi 7 A . A A t d b t [ 3] sslgneg “tings: Ysjsf‘aNeY Cy eme ‘cs’ sual Input; Stanford University; Stanford, California. 
., , . . 

[22] Filed: Sept‘ 23’ 1970 Primary Examiner—Gerald M. Forlenza 
[21] APP]_ No_; 74,784 Assistant Examiner—George F. Abraham 

Attorney-Charles B. Smith 
Related U.S. Application Data 

[63] Continuation-impart of Ser. No. _65,5_60, _Aug. 20, [57] ABSTRACT 
1970, abandoned, wh1ch 1s a contmuatlon-m-part of _ _ _ I _ 

Ser. No. 861,015, Sept. 25, 1969, abandoned, A machine for locating, engaging and moving an article 
located on a work surface. The machine includes a 

[52] [1.5, CI, 214/1 BB, 214/] BT, 214/1 CM, head movable in vertical, lateral and thrust axes, sen 
294/110 sors along each such axis and programmer means for 

[511 int. B25j 9/00 selectively sensitizing selected sensors to stop said head 
[58] Field of Search____,__,,__,_,_, 214/1 BB, 1 3'1‘, 1 B, at selected positions along each such axis. In some em 

214/1 CM; 294/110 bodiments the selected positions are manually prede 
termined while in other embodiments the selected posi 

[56] References Cited tions are determined by sensors which locate the de 

UNITED STATES PATENTS med art'cle' 

3,575,301 4/1971 Panissidi1...................... 214/1 BC 26 Claims, 11 Drawing Figures 

I 24 

I I2 I ‘o 

in", 

224. 2 O M.%AW%WUGWN 
4.4 

4: Ho ___._ E1~ 
I 7 i4 

.111. __ . M. 

6... © . I 

1! ___ t 

M2_ 6 2 

nm 8620062 I 3 

O 
9 6 



3.770.140 PATENIED NM 6 I973 

sum 010F110 

_ ________.|._____ 

















PATENTEDNUV 6W5 ' 3.770.140 

sum near 10 ' 





3,770,140 
1 

SENSOR RESPONSIVE CYBERNETICS MACHINE 

CROSS-REFERENCE TO RELATED APPLICATION 

This application is a continuation-in-part of copend 
ing application Ser. No. 65,560 ?led Aug. 20, 1970, 
now abandoned, which was a continuation-in-part of 
copending application Ser. No. 86l,0l5, ?led Sept. 25, 
1969, now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to a machine for handling ob 
jects and, more particularly, to a machine for locating 
and engaging an object within the operational range of 
the machine and for moving the engaged object 
through a preset movement cycle and for delivering the 
engaged object to a pre-determined location. 
Many manufacturing operations, previously carried 

out manually, have been automated. Such automation 
has included machines, speci?cally built for a particu 
lar operation, such as, milling, drilling, turning, etc., 
into which the object, or part, upon which work is to 
be performed, must be delivered to the machine at a 
precise location. Such machines have been designed to 
perform speci?c operations, have required specially 
trained, and in many instances computer trained, oper 
ators and, perform only a speci?c operation. Such ma 
chines, when the speci?c operation is not being per 
formed, stand idle. Because of the cost of such ma 
chines, equipment, such as a computer, to run such ma 
chines, the need for specially trained operators, the 
specific use of such machine, and other reasons, the use 
of such machines have been limited. Many operations, 
especially where production is small, have not been au 
tomated. 
The instant invention overcomes many of the prob 

lems heretofore encountered in automated machines 
by providing a machine readily adaptable to a broad 
range of different and unrelated operations and to the 
service and command of other machines associated 
therewith as will be apparent from the following sum 
mary and description of the invention. 

SUMMARY OF THE INVENTION 

The apparatus of my invention includes an article en 
gaging head mounted on a frame and drive means for 
moving said head, e.g., one or more electrical motors. 
The drive means are controllable by a relay logic con 
trol system which is programable in response to signals 
received from a programmer and is also responsive to 
signals received from sensors which detect the position 
of the article engaging head. Because the relay logic 
control system is programable, the programmer may be 
disconnected from the relay logic control system after 
the program signals have been impressed thereon. Sim 
ilarly, once the relay logic control system has been pro 
grammed, the relay logic control system will direct a 
movement of the article engaging head without inter 
vention by the programmer. Alternatively, the informa 
tion programmed into the relay logic control system by 
the programmer may be altered, to change a movement 
of the head, without the need to reprogram. After a 
movement is completed, the relay logic control system 
may be cleared of program signals prior to activating 
the programmer to its next step whereupon program 
signals are again impressed upon the programable relay 
logic control system. 
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2 
Broadly stated my invention comprises an apparatus 

for locating and engaging an article, moving the en 
gaged article to at least one pre-set point and, after the 
article is at the last pre-set point, releasing the engaged 
article. The apparatus comprises a head, means for 
moving the head along an axis vertical to an article lo 
cated on a supporting surface and means for moving 
the head longitudinally of the supporting surface. Sen 
sor means are provided on the head responsive to 
movement of the head along the vertical axis toward 
the supporting surface for stopping the vertical axis 
moving means. Sensor means are also provided on the 
horizontal axis for stopping the horizontal axis moving 
means and for stopping the head on the horizontal axis 
when the head reaches either a pre-set point or a point 
determined by head-mounted sensors which are capa 
ble of locating the desired article. Means on the head 
engage the article on the supporting surface when the 
engaging means on the head is brought into contact 
with the article. 

In contrast to most prior devices of this sort, the in 
stant machine does not require that the object, or part, 
be delivered to the machine at any precise location. In 
the machine of the instant invention, the machine seeks 
out and locates the object or part and, having located 
the object, engages the object and moves the object 
through a series of programmed operations, such as 
drilling, boring, inspecting, etc. As various operations 
are performed, the machine may be programmed to in 
spect the object, either during movement from one op 
eration to another, after each operation, or series of op 
erations, and, if desired, classify, count and record such 
count of the inspected object. 
The machine may be programmed so that, during its 

operating cycle, operations on the object may be trans 
ferred to and taken over by an associated machine, for 
example, a drill, and, after the work to be performed by 
the associated machine has been completed, to take 
over and complete further operations. The machine 
may also be used to index the object, or part, upon 
which work is to be performed, to other machines with 
out the use of jigs or ?xtures. 
When the machine of the instant invention is not in 

use in one location, it may be easily moved to another 
location to perform different operations and pro 
grammed for such different operations. Programming 
of the machine is relatively simple and can be readily 
performed. " 

The machine of the instant. invention operates in 
three axes, lateral, vertical, and horizontal, the latter 
axis, for purpose of identi?cation is hereinafter re 
ferred to as “thrust.” As will be later described, each 
axis of the machine may be adjustable and sensitized so 
that, when at a preselected location, a pre-set operation 
will be performed. In addition to the plurality of incre 
ments on each axis and the programming unit, the ma 
chine of the instant invention also includes sensing 
units associated with each axis which enable the ma 
chine, when such sensing units are in operation, to seek 
out, locate and engage the object upon which work is 
to be performed and to energize the programming unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The instant invention will be more fully understood 
from the following description of the preferred embodi 
ment and drawings in which: 
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FIG. 1 is a front elevational view of the machine of 
the instant invention; 
FIG. 2 is a side elevational view of the machine of 

FIG. 1; 
FIG. 2A is a block diagram representation of the con 

trol system of my invention; 
FIG. 3 is a schematic diagram of the circuitry of the 

motor controls of the apparatus of FIGS. 1 and 2', 
FIG. 4 is a schematic diagram of the circuitry of the 

sensor controls of the apparatus of FIGS. 1 and 2 and 
the position controls and speed control actuators con 
trolled thereby; 
FIG. 5 is a schematic diagram of the And Gate con 

trols, programmer motor control and feed back cir 
cuitry of the controls of the apparatus and the control 
circuitry of FIGS. 3, 4 and 6; 
FIG. 6 is a schematic diagram of the speed control 

circuitry controlled from the speed control actuators of 
FIG. 4; 
FIG. 7 is a schematic diagram of the sensor control 

circuitry and motor at the vertical axis of the apparatus 
of FIGS. 1 and 2; 

. FIG. 8 is a perspective view, taken from the bottom 
of a modi?ed head for the apparatus of FIGS. 1 and 2, 
with the movement of the head along the vertical, hori 
zontal and thrust axis controlled in response to sensors 
located on such head; 
FIG. 9 is a diagram of head movement, in an illustra 

tive pattern, of the apparatus of FIGS. 1 and 2, as con 
trolled by the circuitry of FIGS. 3 to 7; and 
FIG. 10 is a schematic diagram of the circuitry of a 

photometric sensor control for lateral movement of the 
apparatus of FIGS. 1, 2 and 8. 

DESCRIPTION OF CERTAIN PREFERRED 
EMBODIMENTS 

Referring to FIGS. 1 and 2, the illustrated embodi 
ment of the machine of the instant invention includes 
a frame, generally designated 2, having a lower base 4, 
for resting on the floor, and an upper base 6. Base 4 
may be provided with retractable wheels, or other 
means, for moving the machine from place to place 
but,‘when in place, preferably, lower base 4 rests on the 
floor. Supports 8,16, l2, l4 extend upwardly from 
.upper base 6. Guide rods 16, 18 are ?xed, at their op 
posite ends, to supports 8, l2 and 10, 14, respectively. 
Carriage frame 20, 22, to which lateral carriage 24 is 
?xedly attached, such as by welding, is mounted on 
guide rods 16, 18 for movement thereon, between limit 
switches 26, 28, mounted on supports 8, 12, for pur 
poses hereinafter described. 
Carriage drive motor 30 is ?xed to motor support 32, 

in turn, fixed, as by for example, welding, to lower base 
4. Motor 30 vis connected, through clutch-brake 34, 
shafts 36, 38 and gears 40, 42 to the end of lead screw 
44, mounted, for rotation in bearing blocks 46, 48, 
?xed to upper base 6. Lead screw 55 is threaded 
through members 50, 52, fixed, as by for example, 
welding, to carriage frame 20, 22, respectively, so that, 
as motor 30 and the clutch of clutch-brake 34 are en 
gaged to turn lead screw 44, carriage frame 20, 22 and 
lateral carriage 24 are moved laterally of ?xed frame 2. 
For purposes later described, lateral sensors 54 are 
mounted on upper base 6 and sensor actuator arm 56 
is mounted on carriage 24 for movement with the car 
riage to transverse sensors 54. 
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Thrust carriage base 60 is mounted on top of lateral 
carriage 24 and mounted for sliding movement 
thereon. Flanges 62, and 64, on thrust base 60, engag 
ing the under side of the upper ?ange on lateral car 
riage 24. As best shown in FIG. 1, l beams 66, 68 are 
fixed, as by for example, welding, to carriage base 60 
and channel member 70, having upward extending 
?anges 72, 74, is ?xed, as by for example, welding, to 
the upper ends of beams 56, 68 and extends outwardly 
beyond the end thereof, FIG. 2, for purposes later de 
scribed. 
Thrust motor 80 is fixed to the top of lateral carriage 

24 and, through clutch-brake 82, is connected to lead 
screw 84 rotatably mounted in bearing blocks 86, 88 
also fixed to the top of lateral carriage 24. Plate 90 is 
?xed, as by for example, welding, to thrust carriage 
base 60, beams 66, 68 and channel member 70. 
Threaded members 92, 94, threaded on lead screw 84, 
are ?xed to the opposite faces of plate 90 and, in addi 
tion to being threaded through members 92, 94, lead 
screw 84 extends through plate 90. Limit switch 96 is 
?xed to bearing block 88 and limit switch 98 is fixed to 
bearing block 86 for purposes later described herein. 
Thrust sensor 100 are mounted in fixed position on lat 
eral carriage 24 and thrust sensor actuator 102 is 
mounted on thrust carriage base 60 for movement with 
such carriage base to traverse sensors 100 for purposes 
later described. The ?xed positions of the sensors 100 
on the carriage 24 and of the sensors 54 on upper base 
6 should be adjustable. For this purpose the sensors 
may be held in their respective positions by releasable 
springs, screws or other suitable means. 

Vertical adjustable member lit), having a rack 112 
thereon, is mounted, at the outer end of channel mem 
ber 70, in bearing block 114. Pinion 116, on shaft 118 
connected through clutch-brake 320 to motor 122, 
mounted on channel member 70, engages the teeth of 
rack 112 to move vertical adjustable member llll up 
wardly, and downwardly, as will be more fully de 
scribed later herein. Plate 124 is ?xed to the upper end 
of vertical adjustment member 110 and head, generally 
designated 126, is ?xed to the opposite end of member 
110. 

In the illustrated embodiment, head 126 includes 
upper plate 128,-?xed to the end of member 110, and 
lower plate 130 attached by resilient members 132, 
134, 136, 138 to plate 328. Suction cup 140 is mounted 
in plate 130 and connected, by conduit 142, to a vac 
uum source, not shown. 

Limit switches 144, 146 are fastened to the opposite 
sides of bearing block 114 and sensors 148, 150 are 
mounted on channel member 7*!) and plate 128, respec 
tively. Sensor actuator 152 is adjustably mounted on 
vertical adjustment member lid, for purposes herein 
after described. _ 

As will be described in more complete detail, the ma 
chine of the instant invention may be adapted for a 
wide variety of operations to locate, pick up and move 
an object from one point within the operating zone of 
the machine, position and hold such object at various 
locations within the zone, and deliver and release such 
object at a point in such zone. By lengthening the axes 
of such machine, the machine operating zone might be 
enlarged. Conversely, by shortening the axes, such 
zone may be restricted. In any event, the object is lo 
cated and picked up by head 126 which, in the embodi 
ment of FIG. 1, is provided with a suction cup for en 
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gaging and holding the object. In the illustrated em 
bodiment, the machine is intended for use with a bench 
or table, such as shown in FIG. 9;, and the height of ver 
tical adjustment member 110 is designed accordingly. 
Obviously, by lengthening vertical adjustment member 
1 10, the machine may be adapted to locate and pick up 
objects at floor level or even below ?oor level. 
The machine of the instant invention locates, picks 

up, moves and relases the object automatically and is 
controlled, selectively, by lateral sensors 54, thrust sen 
sors 100 and vertical sensors 148, 150 in a manner 
which will be described. Once the object is located and 
picked up, the object is moved from location to loca 
tion mechanically but under the control of selected 
sensors. For reasons better understood from the follow 
ing description of the sensor control circuitry, precise, 
or precision, mechanical drives for moving the object 
from place to place in the three axes are not required. 
Clearances, slippages, and the like, normally encoun 
tered in mechanical drives, do not affect the precise 
movement of the object with the apparatus of the in 
stant invention. This is of substantial importance to the 
precise movement and precise location of the object by 
the apparatus of the instant invention because errors in 
the mechanical drive are eliminated and not accumu 
lated, and the need for precise and expensive drive gear 
is avoided. 
Motors 30, 80 and 122 are reversible motors which, 

while the apparatus is in use, are driven constantly in 
the forward or reverse direction and at a speed con 
trolled through the control circuitry hereinafter de 
scribed. In the illustrated embodiment, motors 30, 80, 
122 are each powered from a 220 V. A/C power supply 
and the control circuits are powered from a l 10 V. A/C 
power supply. Clutch-brakes 34, 82, 120 are, except 
when energized as hereinafter described, in the brake 
position and, when energized, are put into the clutch 
position. When deenergized, clutch-brakes 34, 82, 120 
return to the brake position. 
Having described the gross, mechanical features of 

an apparatus which may be used to practice my inven 
tion, the control strategy which re?ects my invention 
will now be described. Referring to FIG. 2A, the con 
trol strategy of my invention is represented in block di 
agram form. Thus, to commence a particular move 
ment the programmer provides a plurality of program 
signals. The actual number of signals which the pro~ 
grammer provides would vary greatly depending upon 
the particular form of my invention and the movement 
which is desired. For example, as heretofore pointed 
out with respect to the apparatus shown in FIGS. 1 and 
2, the article engaging head may move along any one 
of three axis’. Moreover, it may be desired to vary the 
speed of the article engaging head 140 as it moves 
along one or more axis’. Thus, depending upon the 
movement desired and the capabilities of the particular 
machine, the number of program signals from the pro 
grammer may vary. To facilitate a general understand 
ing of my invention, the block diagram representation 
of FlG. 2A generally presupposes that movement along 
only a single axis is required and such movement will 
proceed at a constant speed. Thus, in its most basic 
form, the programmer provides two signals, PD and S, 
to the programable relay logic control system. The sig 
nal PD is a signal representative of the desired position 
of the head 140, i.e., PD represents the position to 
which one desires to move the article engaging head 

10 

25 

30 

35 

45 

50 

55 

65 

6 
140. The signal S is a signal commanding the associated 
drive means or motor to commence movement. For ex 
ample, assuming that the desired movement of the arti 
cle engaging head is simply a movement along the verti~ 
cal axis to a new vertical position, the signal S would 
command the vertical motor to move and the signal PD 
would establish the desired vertical position at which 
movement should cease. It may be noted that, in FIG. 
2A, there is a third signal, D, shown as emanating from 
the programmer. The signal D, if employed, would di 
rect the drive means or motor to run in a desired direc 
tion. Thus, if the history of the movement of the article 
engaging head 1140 indicated that its current position 
was below the desired position, PD, the signal D would 
direct the motor to run in a direction such that the arti 
cle engaging head would move upwards. Obviously, 
providing directional information such as the signal D 
is desirable since the time to move from the present po 
sition to the desired position will be minimized. How 
ever, if travel time is not critical, the drive means can 
be allowed to proceed in the direction of its last move 
ment. If, by chance, this movement is incorrect, limit 
switches of the type hereinafter disclosed may be em 
ployed to stop the movement of the article engaging 
head 140 when it reaches an extreme position, and sub 
sequently, automatically reverse the direction of the 
motor. Mechanisms for achieving such automatic di 
rection reversal are well known to those skilled in the 
art. Although the provision of a direction signal is not 
necessary for the operation of my invention, such a sig 
nal is shown in FIG. 2A in order to indicate at least one 
optional control command that might be employed. 
Having established the nature of the program signals, 

S, D and PD, supplied by the programmer, it will be ob 
served that these signals are provided to, what is gener 
ally referred to as, a programmerable relay logic con 
trol (PRLC). In general, the PRLC embodies the con 
trol which re?ects my invention and is particularly 
characterized by the fact that it is programable wherein 
the word programable will be understood to mean a 
system comprised of relays wherein the relays will re 
spond to program signals impressed thereon and in re 
sponse to such program signals will assume a particular 
logic state and will retain such a logic state when the 
aforesaid program signals have discontinued. Addition 
ally, it is to be understood that the word relay, as used 
herein, does not include stepping relays of the tele 
phone type but does include electro-mechanical relays, 
such as-solanoid-actuated latching relays and solid state 
equivalents thereof. As will hereinafter be pointed out 
in more detail, signi?cant operational bene?ts are real 
izable through the use of programable relay logic as 
hereinbefore de?ned. 
Returning to a consideration of FIG. 2A, within the 

PRLC, the desired position signal, PD, is supplied to or 
impressed upon a Position Logic element. In response 
thereto, thePosition Logic element assumes a particu 
lar logic state. Thereupon, the signal PD may be discon 
tinued. Similarly, the signal S and the signal D is im 
pressed upon the Drive Start-Stop element and the 
Motor Control element, respectively. As was the case 
with the Position Logic element, the Drive Start-Stop 
element and the Motor Control element logically re 
spond to the signal S and D, respectively, whereupon 
the signals may be discontinued. Thus, it will be appre 
ciated that, at this point in time, the PRLC has been 
programmed and the program signal inputs from the 
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programmer may be disconnected as indicated by the 
broken lines a, b and 0. 
Considering the response of the PRLC to the signals 

which have be impressed thereon, in response to the 
start signal S, the motor control element is directed to 
actuate the drive means and the drive means are actu 
ated by the motor control element in such a manner as 
to cause the drive means to move in a direction com 

manded by the signal D. Thereafter, movement caused 
by the drive means continues while position feedback 
information is detected by position sensors having an 
output responsive to the position of the article engaging 
head 340 and, in this particular example, in response to 
the vertical position of the article engaging head 140. 
The position sensors provide an output signal PA 
representative of the actual position the article engag 
ing head 140. The signal P,, is supplied to the Position 
Logic element which has assumed a logical state in re 
sponse to the program signal PD. When the Position 
Logic element detects that the actual position and the 
desired position are coincident (P,,=PD), a stop signal 
is provided by the Position Logic element to the Drive 
Start-Stop element whereupon motion (in this case ver 
tical movement) ceases. At this point, it will be appre 
ciated that the desired movement has occurred in re 
sponse to the program information impressed upon the 
PRLC by the programmer. Thus, the output of the Po 
sition Logic element is supplied to a Reset element. 

If my invention were to be utilized in conjunction 
with an article manipulator having only a single degree 
of freedom, i.e., an article manipulator which could 
only move along a single axis, the output of the Position 
Logic element would be supplied directly to the Reset 
element. However, in a more typical application, the 
article manipulator will be adapted for movement 
along with three axis’, viz. vertical, thrust (T) and lat 
eral (L). With such a system, the end of a movement 
would occur when movement along all three axis’ had 
stopped. Thus, to detect such an event, a AND gate 
may be introduced before the Reset element and sup 
plied with signals from the Position Logic element for 
the vertical axis, the lateral axis and the thrust axis. 
Thus, when movement along all three axis’ had ceased, 
the AND gate would supply an output signal to the 
Reset element. The inputs T and L to the And, as 
shown in FIG. 2A, would be provided from the Position 
Logic element for the Thrust and lateral axis systems if 
movement along all three axis’ was within the capabil 
ity of the machine, 
The Reset element, which I utilize in my preferred 

embodiment, is employed to take advantage of the 
characteristics of the type relays which I employ. Thus, 
when a movement of the article engaging head 140 is 
completed, the Reset element provides a signal to the 
Position Logic which clears the Position Logic element 
of all previously stored information, for example, the 
last PD signal. Clearing the Position Logic is advanta 
geous in that one would then know that, at the end of 
a movement, the Position Logic should be in a 
“cleared” state. As such, a diagnostic check may be 
performed upon the Position Logic at the end of each 
movement and prior to commencing the next-move 
ment. The ability to perform such a diagnostic check is 
one of the advantages alluded to hereinbefore as being 
an advantage associated with the use of relays rather 
than telephone types stepping switches. 
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The Reset element is also employed to activate a 

Index element which provides an output signal to the 
programmer and thus indexes the programmer to its 
next position whereupon new control information is 
generated in the form of program signals that are once 
again impressed upon the PRLC. In this manner, an ar 
ticle may be automatically manipulated, e.g., moved 
from point to point. Additionally, at any time, one may 
alter the programmed movement by impressing new 
signals upon the PRLC and, most importantly, this 
change in movmeent can be achieved without requiring 
a new program. This feature of my invention arises 
from the fact that by utilizing a programable control 
system, the control system responds to the last program 
signal and continues its control function until the last 
programmed signal has been satis?ed. Since the pro 
grammed control system always tries to satisfy the last 
programmed control signal, it is not “aware" of the fact 
that the programmer may have been by-passed and, 
upon satisfying its last instructed command, will re 
sume its response to programmed signals. 
Having set forth the general control strategy which 

embodies my invention, a specific embodiment of my 
invention will be hereinafter described. 
The control circuitry, illustrated diagrammatically in 

FIGS. 3 to 7, is sensor and programmer responsive, the 
programmer selecting and connecting the responsive 
sensor to the control circuit and, in some instances, as 
will be described, activating the circuitry. The pro~ 
grammer, not shown, may be of any motor driven type, 
having a drum which, when rotated, actuates a plurality 
of switches. The programmer is driven intermittently 
and, preferably, the programmer motor is a stepper 
motor. The switches are aligned along the drum and ac 
tuated by detents on the drum. When actuated, the pro 
grammer motor is stepped twice. The ?rst stepping of 
the programmer motor brings the detents on the drum, 
aligned on the drum with switches to be closed, in con 
tact with such switches and the second stepping re 
leases or reopens such switches. The closed switches 
actuate solenoids on latcher switches in the'control cir 
cuitry which will be described. 
Referring now, to FIGS. 3 to 7, showing the control 

circuitry, each axis of machine movement, that is, lat 
_ eral, vertical and thrust, is provided with its own motor 
and control circuitry which circuitry, for each axis, is 
identical or substantially identical to the circuitry of the 
other axes. Thus, in the drawings and in the following 
description, the circuitry of the lateral axis will be de 
scribed, it being understood that, except where other 
wise noted in the description, the control circuitry of 
the remaining axes are identical. 
As best shown in FIG. 3, the direction in which the 

motor is driven is controlled, from the progammer, by 
switches 202, 204, the detent on the program drum 
being set to close either switch 202 or 204, depending 
upon which direction the carriage to be driven by the 
motor is to travel during the next cycle of operation. 
Once one of the switches has been closed and reopened 
by the programmer, the motor will continue to operate 
in the direction determined by the closed and reopened 
switch and further closing or opening of such switch by 
the programmer is not required. For example, once 
switch 202 is closed and reopened by the programmer, 
closing and ‘reopening of switch 202 by the program 
mer is not again required until after switch 204 has 
been closed and reopened to operate the motor in the 
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reverse direction and it is again desired to re-reverse 
the direction of motor operation. 
Referring to FIG. 3, one side of programmer switch 

202 is connected, by lead 206, to one side of the l 10 
V. A/C supply line and the other side is connected, by 
lead 208, to solenoid 210 of latcher switch 202. Sole 
noid 210 is connected, through lead 214, to the other 
side of the H0 V. A/C supply, through main power 
switch 216 and fuse 218. When the detent on the pro 
grammer drum closes switch 202, solenoid 210 is ener 
gized, latching latcher switch 212 in closed position. 
One side of latcher switch 212 is connected, through 

leads 220, 252, to lead 206 and the other side of latcher 
switch is connected, through leads 222 to timer motor 
224. The other side of timer motor 224 is connected, 
by lead 226, to lead 214. When latcher switch 212 is 
closed, timer motor 224 is energized and closes and 
then reopens timer switch contacts 228, 254. One side 
of timer switch arm 230 is connected, by lead 232, to 
lead 222 and timer switch contact 228 is connected, by 
lead 234, to one side of solenoid 236 of switches 238, 
240. The other side of solenoid 236 is connected, by 
leads 242, 244, 246, 248, 250, 252, to lead 206. When 
timer switch arm 230 is closed with contact 228, sole 
noid 236 is energized and closes switches 238, 240, in 
the 220 V. circuit, shown in heavier lines in FIG. 4, to 
reverse lateral driving motor 30, as will be hereinafter 
described. 

After closing timer switch arm 230 with contact 228, 
timer motor 224 opens timer switch arm 230 from con 
tact 228 and closes timer switch arm 230 with contact 
254. Contact 245 is connected, by lead 256, to one side 
of solenoid 258 and the other side of solenoid 258 is 
connected, by leads 260, 248, 250 and 252 to lead 206. 
When timer switch arm 230 is closed with contact 254, 
solenoid 158 is energized, and opens latcher switch 
212, cutting off the power to timer motor 224. Latcher 
switch 212 and the other latcher switches shown in the 
drawings are two coil relays which have the character 
istic of remaining in position until the opposite coil is 
energized. For example, switch 212, which was moved 
to its lower position on energization of coil 2110 re 
mainded in that position until coil 258 was energized. 

Still referring to FIG. 3, one side of programmer 
switch 204 is connected, by leads 270, 214, to one side 
of the l 10 V. A/C supply line and the other side is con 
nected by lead 272 to one side of solenoid 274. The 
other side of solenoid 274 is connected, by leads 276, 
246, 248, 250, 252, 206 to the other side of the l 10 V. 
A/C supply line. When the detent on the programmer 
drum closes programmer switch 204, solenoid 274 is 
energized and closes solenoid latcher switch 278. 
One side of latcher switch 278 is connected, by leads 

280, 250, 252, 206 to one side of the l 10 V. A/C sup 
ply line and the other side of latcher switch 278, when 
solenoid 274 is energized and the switch is closed, is 
connected, by leads 282, 284, to one side of timer 
motor 286. The other side of timer motor 286 is con 
nected, by lead 288, to the other side of the l 10 V. A/C 
supply line. Thus, when solenoid 274 is energized and 
switch 278 is closed, motor 286 is energized. 
Motor 286 is connected to switch arm 290. Switch 

arm 290 is connected, by lead 292, to lead 282. Con 
tact 294, with which switch arm 290 closes and then re 
opens when timer motor 286 is energized, is connected, 
by lead 296, to one side of solenoid 298 of switches 
300, 302. The other side of solenoid 298 is connected, 
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by leads 304, 244, 246, 248, 250, 252, 206, to one side 
of the H0 V. A/C supply line. When switch arm 290 
closes with contact 294, solenoid 298 is energized and 
closes switches 300, 302 and when switch arm 290 re 
opens with contact 294, switches 300, 302 are opened, 
all for purposes later described. 
After closing and reopening with contact 294, switch 

arm 290 closes and then reopens with contact 306. 
Contact 306 is connected, by lead 308, with one side 
of solenoid 310. The other side of solenoid 310 is con 
nected, by leads 312, 246, 248, 250, 252, 206 to one 
side of the 110 V. A/C supply line. When switch arm 
290 closes with contact 306, solenoid 310 is energized 
and opens switch 278 to de-energize timer motor 286. 
As hereinbefore noted, motors 30, 80, 122 are re 

versible and powered from a 220 V. A/C power supply. 
The 220 V. A/C supply is fed into a D/C power supply, 
there being a separate D/C power supply for each mo 
tor. Thus, in the control circuitry illustrated in FIG. 3 
lateral motor 30 is powered from D/C power supply 
320 connected, by leads 322, 324, to the opposite sides 
of the 220 V. A/C supply line. The output of the D/C 
power supply 320 is connected, respectively, by lead 
326, to switch arm 328, and, by lead 330, to switch arm 
322. Lower contact 334, at switch arm 328 is con 
nected, by leads 336, 338 to an upper contact 339, at 
switch arm 422. Upper contact 340, at switch arm 322, 
is likewise connected to upper contact 339, by leads 
342, 338. Upper contact 344, at switch arm 328 is con 
nected, by leads 346, 348, to an upper contact 349, at 
switch arm 420. Lower contact 350, at switch arm 332, 
is likewise connected to upper contact 349, by leads 
352, 348. Upper solenoids 354, 356 of switch arms 
328, 332 are connected, at one of their sides, respec 
tively, by leads 358, 360, to one end of the arm of 
switch 300 and, at their other sides, by leads 362, 364, 
366, 368, 370, to one side of the 220 V. A/C power 
supply. Contact 372 of switch 300 is connected, by 
leads 374, 376, to the other side of the 220 V. A/C 
power supply. ' 

Lower solenoids 380, 382 of switch arms 328, 332 
are connected, at one of their sides, respectively, by 
leads 384, 386, 388, to one end'of the arm of switch 
238 and, at their other sides, by leads 390, 392, 394, 
268, 370, to one side of the 220 V. A/C power supply. 
Contact 396 of switch 238 is connected, by leads 398, 
400, 402, 376 to the other side of the 220 V. A/C 
power supply. 
The arms of switches 240, 302 are connected, by 

leads 404, 400, 406, 402, 376 to one side of the 220 V. 
A/C supply line. Contact 408 of switch 240 and contact 
410 of swich 302 are connected, by leads 412, 414, to 
one side of solenoid 416. The opposite side of solenoid 
416 is connected by leads 418, 370, to the other side 
of the 220 V. A/C supply line. Switches 420, 422 of so 
lenoid 416 are normally in the position shown in H6. 
3. When solenoid 416 is energized by the closing of 
switch 240 or switch 302 by energizing solenoid 236 or 
298, switches 420, 422 are pulled in contact with con 
tacts 424, 426 connected, respectively, by leads 428, 
430, to resistor 432 which, when connected to motor 
30, dynamically brakes the motor before motor 30 is 
energized in the reverse direction. 

Lateral motor 30, thrust motor 80 and vertical motor 
122 are all operated continuously. Each motor is ener 
gized to operate in the forward or reverse direction by 
the motor control circuitry of FIG. 3, the direction 
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being controlled by switches on the programmer, as 
hereinabove described. Motor 30 drives clutch-brake 
34 which, except when energized as hereinafter de 
scribed, is normally in brake position. Motors 80 and 
122 drive, respectively, clutch-brakes 86, 120 which, 
except when energized, are normally in brake position. 
Referring to FIG. 4, clutch-brake 34 of lateral motor 

30 and clutch-brake 82 of thrust motor 88 are con 
trolled by the programmer and sensors 54 and 10%, re 
spectively. For purposes of illustration, the control cir 
cuitry of clutch-brake 34 and speed control of lateral 
motor 30 will be described, it being understood, how 
ever, that the circuitry of clutch-brake 82 and speed 
control of thrust motor 80 are identical. 
The number of sensors that may be employed along 

the lateral and thrust axes, to control the machine 
along the respective axis, may vary, depending upon 
the length of the axis and the degree of control required 
along such axis. During each movement of the machine 
from one point along the axis to another, movement of 
the machine is initiated by the programmer and termi 
nated by one of the sensors, selectively connected, 
through a switch, not shown, on the programmer to the 
proximity ampli?er in the position control circuit, there 
being one position control proximity ampli?er, one 
transistor relay and one time delay for position control 
in each axis. In addition, one or more of the sensors 
may be selectively connected, through switches, not 
shown, on the programmer to control motor speed. As 
will be more apparent from the following description, 
one sensor, during one movement, may be connected 
to control position and, during another, to control 
speed. For purposes of illustration and description in 
FIG. 4, only one sensor is shown which will be de 
scribed, with certain of the programmer switches 
closed, as the position control and, with other program 
mer switches closed, as the speed control actuator. It 
is to be understood, however, in any one movement of 
the machine from one position to the other, the same 
sensor would not be employed for both purposes. 

Referring to FIG. 4, sensor 54 is connected, by leads 
440, 442 to the arms of switches 444 and 446. Contact 
448 of switch 444 is connected, by lead 450, to the arm 
of switch 452. Contact 454 of switch 446 is connected, 
by lead 456 to the arm of switch 458. As shown in FIG. 
4, the arms of ‘switches 452, 458 are against contacts 
460, 462, respectively, and are open for purposes more 
apparent hereinafter. 
Programmer switch 464 is connected, at one of its 

sides, by leads 466, 468, 470, 472, to one side of the 
l 10 V. A/C power supply line and is connected, at its 
other side, by lead 474 to solenoid 476 of switches 444, 
446. The other side of solenoid 476 is connected by 
leads 478, 480 and 482 to the other side of the l 10 V. 
A/C supply line. Solenoid 484 of switches 444, 446 is 
connected to the X, Y leads for purposes later de 
scribed. 
Programmer switch 486 is connected, at one of its 

sides, by leads 488, 468, 470, 472 to one side of the 1 10 
V. A/C power supply and, at its opposite side, by lead 
490 to solenoid 492 of switches 452, 458. Solenoid 494 
of switches 452, 458 is connected to the X, Y leads for 
purposes later described. 
Contact 496 of switch 444 is connected, by lead 498 ' 

to proximity ampli?er 500. Contact 502 of switch 446 
is connected by lead 504 to proximity ampli?er 500. 
Proximity amplifier 500 is connected by leads 506, 
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508, to one side of the l 10 V. A/C supply line and by 
leads 510, 512 to the other side of the 1 10 V. A/C sup 
ply Iine. Proximity ampli?er 500 is also connected by 
leads 514, 516 to transistor relay 518 which, in turn, is 
connected by lead 529 to gate control lead B and, by 
lead 522 to time delay 524. Time delay 524 is con 
nected by lead 526 to gate control lead A and, by leads 
523, 530 to solenoid 532. Switch 534 of solenoid 532 
is connected, by lead 536, to the clutch-brake control 
and contact 538 of switch 534 is connected, by lead 
540, to the clutch-brake control. Solenoid 542 to 
switch 534 is connected, by lead 544 and lead 482, to 
one side of the 1 10 V. A/C supply line, and by lead 546, 
to one side of the programmer switch 548. Programmer 
switch 548 is connected, by leads 559, 470, 472, to the 
other side of the I 10 V. A/C supply line. 
Contact 552 of switch 452 is connected, by lead 554, 

to speed control proximity ampli?er 556. Contact 558 
of switch 458 is connected, by lead 560, to proximity 
ampli?er 556. Proximity ampli?er 556 is connected, by 
leads 562 and 508, to one side of the 1 IO V. A/C supply 
line and, by leads 564, 512, to the other side of the 110 
V. A/C supply line. Proximity ampli?er 556 is also con 
nected, by leads 566, 568, to transistor relay 570 
which, in turn, in connected, by leads 572, 574, to time 
delay 576. The output of time delay 576 is fed by leads 
577, 57? to the speed control, FIG. 6. ' 

In the operation of the control circuitry of F IG. 4, the 
motor to be operated, such as lateral motor 30 or thrust 
motor 80 is in operation and, if movement along the 
axis is required, programmer switch 548 is closed by 
the programmer, as will be hereinafter described, ener 
gizing solenoid 542 and closing arm of switch 534 with 
contact 538. The clutch is then engaged. At the same 
time that the programmer closes switch 548, the pro 
grammer closes switch 464 connected to the sensor at 
a remote point on the machine at which the machine 
is to be stopped when it reaches the selected sensor. If, 
before reaching such selected sensor the movement of 
the machine along such axis is to be slowed-down or de 
celerated, programmer switch 498 connected to the 

' sensor at the point where such deceleration is to start 
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is also closed. Obviously, switches 464 and 486 cannot 
be connected to the same sensor. The sensor to slow 
down or decelerate the motor must, in the path of 
movement, precede the sensor selected to stop the mo 
tor. 

Considering first slowing down or deceleration, pro 
grammer switch 464, connected to the sensor at the 
point where deceleration is to commence, is open and 
programmer switch 486 is closed. Thus solenoid 476 is 
not energized but solenoid 492 is energized. The arms 
of switches 444, 446 are closed with contacts 448, 454, 
respectively, and the arms of switches 452, 458 are 
closed with contacts 552, 558, respectively, by ener 
gized solenoid 492. Sensor 54, which may be capaci 
tance or inductance responsive, a photocell, or other 
responsive unit, at the point where, by the closing of 
switch 486, deceleration is to commence, is sensitized 
so that when the movable control unit on the machine, 
for example, arm 56., reaches the sensitized sensor, a 
signal will be generated and, through the connecting 
leads, will be fed to the proximity ampli?er 556 and, 
from proximity ampli?er 556 through transistor relay 
570, time delay 576 and leads 577, 579 to the speed 
control, as will be hereinafter described. 
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Considering next, position control and still referring 
to FIG. 4, programmer switch 464 is closed and, 
through leads 474, 478, 480, 382 energizes solenoid 
476, closing the arms of switches 444, 446, respec 
tively, with contacts 496, 502. When the sensor control 
arm, moving along the axis, reaches the sensitized sen 
sor, the signal generated by sensor 54 is transmitted, 
through the connecting leads, to proximity ampli?er 
500 and from such amplifier to transistor relay 518, 
time delay 524 and solenoid 532. When energized, so 
lenoid 532 opens the arm of switch 534 and disengages 
the clutch. The brake in the clutch-brake re-engages. 
Thus, the movement of the machine along the con 
trolled axis is terminated. At the same time, transistor 
relay 518 and time delay 524 transmit a signal through 
leads A, B, for purposes more apparent hereinafter. 

Referring, next, to FIG. 5, the signal transmitted 
through leads A, B, FIG. 4, from the control circuits of 
lateral motor 30, thrust motor 80 and vertical motor 
122 are transmitted, respectively, to automatic and 
gate solenoids 600, 602, 604, FIG. 5, closing, respec 
tively, switches 606, 608, 610. The signals transmitted 
through leads A, B, from the control circuits of the lat 
eral, thrust and vertical motors are transmited as the 
movement in the respective axis is completed and the 
signal is generated by the sensitized sensor, FIG. 4, in 
each such axis. Thus, switches 606, 608, 610 may be 
closed in any order. For purposes more apparent here 
inafter, switches 606, 608, 610 are in series. 
The arm of switch 606 is connected, by leads 612, 

614, to one side of the 110 V. A/C supply line and con 
tact 616 of switch 606 is connected, by leads 618, 620 
to the arm of switch 608. Contact 622 of switch 608 is 
connected by leads 624, 626 to the arm of switch 610. 
Contact 628 of switch 610 is connected by leads 630, 
632, 634, 636, 638, to one side of solenoid 640. The 
other side of solenoid 640 is connected by leads 642, 
644, 646 to the opposite side of l 10 V. A/C supply line. 
Thus, when switches 606, 608, 610 are closed by the 
signals transmitted through leads A, B of the control 
circuits of the lateral, thrust and vertical axes, respec 
tively, solenoid 640 is energized and closes switches 
650, 652 of solenoid 640. At the same time, a signal is 
transmitted through the X, Y leads connected, respec 
tively, through lead 654 to lead 638 and to lead 646. 
The signal transmitted through the X, Y leads, FIG. 5, 
is transmitted to and received by solenoids 484, 494, 
FIG. 4, and reset switches 444, 446 and 452, 458, re 
spectively, to the position shown in solid line, FIG. 4. 
The arm of switch 650 is connected by leads 656, 

658, to one side of the l 10 V. A/C supply line and the 
arm of switch 652 is connected by leads 660, 662, to 
the other side of the l 10 V. A/C supply line. Contact 
664 of switch 650 is connected, by lead 666 to one side 
of programmer motor 668 and the other side of pro 
grammer motor 668 is connected by lead 670 to con 
tact 672 of switch 652. Thus, when switches 650 and 
652 are closed by the energization of solenoid 640, pro 
grammer motor 668 is energized and, after a preset in 
terval, closes switch 674. The arm of switch 674 is con 
nected, by leads 676 and 658 to one side of the 110 V. 
A/C supply and contact 678 is connected by lead 680 
to one side of solenoid 682. The other side of solenoid 
682 is connected by leads 684 and 662 to the opposite 
side of the 1 10 V. A/C supply line. Thus, when switch 
674 is closed by programmer motor 668, solenoid 682 
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is energized and re-opens switches 650, 652 to stop 
programmer motor 668. 

In addition to energizing solenoid 640, switches 606, 
608, 610, when all switches are closed, are connected 
through leads 630, 632, 690, 692 to one side of sole 
noid 694. The other side of solenoid 694 is connected, 
by leads 696, 698, 646 to one side of the l 10 V. A/C 
supply line. Thus, through leads 614, 612, closed 
switches 606, 608, 610, and the leads associated there 
with, solenoid 694 is energized to close switch 700. 
The arm of switch 700 is connected by lead 702, 698, 

644 and 646 to one side of the 1 10 V. A/C supply line. 
Contact 704 of switch 702 is connected, by leads 706, 
708, to one side of timer motor 710. The other side of 
timer motor 710 is connected, by leads 712, 714, 716, 
to lead 690, 634, 636, 638. One side of solenoid 718 is 
connected, by lead 720, to lead 716 and the other side 
of such solenoid is connected, by lead 722, to contact 
724 of timer motor switch 726. The arm of switch 726 
is connected, by lead 728, to lead 698. Thus, when so 
lenoid 694 is energized and the arm of switch 700 is 
closed with contact 704, time delay motor 710 is ener 
gized. After a predetermined time interval, timer motor 
710 closes switch 726, energizes solenoid 718 and re 
opens switch 700. 
Solenoid 730 is connected, at one side, by lead 734 

to lead 714. The arm of switch 736 controlled by sole 
noid 730 is connected, by lead 738, to one side of the 
110 V. A/C supply. Contact 740 of switch 736 is con 
nected, by lead 742, to lead 654, so that the closing of 
switch 736 will energize solenoid 640. 

Lateral gate solenoid 750 is connected, at one of its 
sides, by leads 752, 754, 646 to one side of the l 10 V. 
A/C supply and the other sideof solenoid 750 is con 
nected, by leads 756, 758, to lead 634. Thrust gate so 
lenoid 760 is connected, at one of its sides, by leads 
762, 764, to lead 754 and, at its other side by leads 766 
and 768, to lead 758. Vertical gate solenoid 770 is con 
nected, by lead 772, to lead 764 and, at its other side, 
by lead 774, to lead 768. 

In the operation of the circuit of FIG. 5, each of the 
solenoids 600, 602, 604 are energized by leads A, B of 
the position control circuits, FIG. 4, of the respective 
axis. Thus, when all the switches 606, 608, 610, con 
nected in series, are closed, solenoid 640 is energized 
closing switches 650, 652 to drive programmer motor 
668 and to close and then reopen switch 674. When 
closed, switch 674, energizes solenoid 682 to reopen 
switches 650, 652, and the programmer is stepped one 
position. At the same time that switches'606, 608 and 
610 are all closed, energizing solenoid 640, solenoids 
750, 760, 770 are energized, reopening switches 606, 
608, 610. 
Concurrent with the closing of switches 606, 608, 

610 and the energization of solenoids 640, 750, 760, 
770, solenoid 694, on the feed back, is energized clos 
ing switch 700. With switch 700 closed, time delay 
motor 710 is driven and, after a pre-set interval, closes 
switch 726 and energizes solenoid 718 to reopen switch 
780. While closed, switch 700 also energizes solenoid 
730 and closes switch 736. When closed, switch 736 
energizes solenoid 640, recloses switches 650, 652, re 
energizes programmer motor which, in turn, closes 
switch 674, and energizes solenoid 682 to reopen 
switches 650, 652. Thus, programmer motor 668 ro 
tates the timer drum a second step. When switch 700 
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is reopened, solenoid 730 is deenergized and switch 
736 reopens. 
As the circuitry of FIG. 5 and the operation thereof 

are hereinabove described, the apparatus of FIGS. 1 
and 2 is operated, in all three axes, that is, the lateral 
axis, the thrust axis and the vertical axis. Should it be 
desired to operate the apparatus without movement in 
one or more axis, the sensor or sensors on such axes are 

not sensitized and no signal will be transmitted through 
leads A, B connected to the control circuit of such in 
active, de-sensitized axes. In lieu of such signal when 
such axis is de-sensitized, the appropriate manual 
switch 780, ‘782, 784 is closed, by-passing the solenoid 
control switch of the de-sensitized, non-moving axes, 
be it the lateral, thrust, vertical axes or any combina 
tion thereof. Except for the manually controlled switch 
closed on the de-sensitized, non-moving axis, the bal 
ance of the circuit in FIG. 5 operates as heretofore de 
scribed. 
Referring now to FIG. 6, the speed of lateral motor 

30, thrust motor 80 and vertical motor 122, may each 
be controlled by adding resistance into or removing re 
sistance from leads F, G connected to D/C power sup 
ply 320, FIG. 3. The circuitry for such addition and 
subtraction being shown, diagrammatically, in FIG. 6. 
While only two resistors and resistor circuits are shown 
in FIG. 6, it is to be understood that any number of 
such resistors may be added to and subtracted from the 
circuit of leads F, G, depending upon the number of 
speed variations desired in the machine and in the par 
ticular machine axis. As will be more apparent from the 
following description, where additional resistors and 
resistor circuits are employed each would be selectively 
connected with, and disconnected from, the respective 
motors in accordance with speed requirements. 

In FIG. 6, lead F is connected to the arm of switch 
800 and contact 802 of switch 800 is connected, by 
lead 804, to the arm of switch 806. Contact 808 of 
switch 806 is connected, by lead 810, to slide 812 of 
variable resistor 814. Slide 812 may be ?xed or manu 
ally adjustable. Resistor 814 is connected, by lead 816, 
to lead G. Contact 820 of switch 806 is connected, by 
lead 822, to variable resistor 824. Slide 826, which may 
be fixed or manually adjustable, is connected, by lead 
.828, to lead G. 1 - 

Solenoid 830 of switch 800 is connected, at one of its 
sides, to one side of the l 10 V. A/C supply line and, at 
its other side, by lead 832, to the arm of programmer 
switch 834. Contact 836 of programmer switch 834 is 
connected, by lead 838, to the other side of the l 10 V. 
A/C supply line. Solenoid 840 of switch 800 and sole 
noid 842 of switch 806 are connected to the X, Y leads. 
Solenoid 844 is connected to time delay leads 577, 579, 
FIG. 4. 

In the operation of the speed control circuit of FIG. 
6, switches 800 and 806 are in the position shown in 
FIG. 6, having been placed in such position'by the ener 
gization of solenoids 840, 842, respectively, by con 
tacts X, Y during the preceding programmer cycle, 
FIG. 5. Thus, to close the arm of switch 800 with con 
tact 802 and connect the speed control circuit of FIG. 
6 to the BIG power supply 320, FIG. 3, a detent on the 
programmer drum is positioned to close programmer 
switch 834. The speed control, at the speed determined 
by resistor 814 is then connected to leads F, G and D/C 
power supply 320 and the motor powered therefrom 
will operate at the appropriate speed. 
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Assuming that, as the apparatus is being moved along 

the axis at the speed determined by resistor 814 and is 
to be slowed down before reaching the sensor sensi 
tized to stop the machine, the sensor at the point along 
the axis where the speed is to be reduced is sensitized 
and connected to the speed control actuator by a de 
tent on the programmer drum which closes switch 486, 
FIG. 4. Thus, as the sensor actuator ?xed to the ma 
chine moving along such axis passes the sensor sensi 
tized by closed programmer switch 486, a signal is 
transmitted through leads 577, 579, FIG. 4, to solenoid 
844, FIG. 6. Thus, solenoid 844 is energized, engages 
the switch arm of switch 806 with contact 820, discon 
nects resistor 814 and connects resistor 824 and the 
speed of the motor is reduced. 
Referring next to FIG. 7, the apparatus of the instant 

invention may be controlled by programming lateral 
motor 30, thrust motor 80 and vertical motor 122, 
through the motor control circuitry of FIG. 4 or, as is 
preferred, vertical motor 122 may be controlled 
through the circuitry'of FIG. 7. In such control, sensor 
148 is connected by leads 858, 852 to proximity ampli 
?er 854 in turn connected by lead 856 to one side of 
the 1 10 V. A/C supply line and by lead 858 to the other 
side of the 110 V. A/C supply line. The signal output 
of ampli?er 854 is manually adjusted by potentiometer, 
generally designated 860. Sensor 150 which, as will be 
later described, controls the vertical position of head 
126, when sensor 150 is sensitized and the head is being 
moved vertically downward, is connected by leads 862, 
864 to proximity ampli?er 866 which, in turn, is con 
nected by leads 868, 870 to the opposite sides of the 
1 10 V. A/C supply line. The output of proximity ampli 
?er 866 is controlled by manually adjustable potenti 
ometer 8'72. Sensor 152 which is mounted on head 126 
intermediate sensors 148, 150 and, when sensitized, 
controls motor speed, as will be hereinafter described, 
is connected by leads 874, 876 to proximity ampli?er 
878, in turn connected by leads 880 and 882 to the op 
posite sides of the l 10 V. A/C supply line. Manually ad 
justable potentiometer, generally described 884, con 
trols the signal output of proximity amplifier 878. Prox 
imity ampli?er 866 is connected, by leads 886, 888 and 
by leads 890, 892, 894 to time delay 896 and by leads 
890, 898 to one side of solenoid 900. Proximity ampli 
fier 854 is connected by leads 902, 888 and 904, 894 
to time delay 896 and by leads 904, 892 and 898 to one 
side of solenoid 900. Time delay 896 is connected by 
lead 906 to the other side of time delay 900. Solenoid 
908 is connected, at one of its sides, to one side of the 
110 V. A/C supply line and, at its other side, by lead 
910 to contact 912 of programmer switch.914. The arm 
of programmer switch 914 is connected to the otheside 
of the 110 V. A/C supply line. 
The arm of latcher switch 916, controlled by sole 

noids 900, 908 is connected by lead 918 to lead B, FIG. 
5. Contact 922 of switch 916 is connected by lead 924 
to clutch-brake control line 920 and through the 
clutch-brake control to lead A, FIG. 5. Proximity am 
plifier 878 is connected, at one side, to lead 577, FIG. 
4, and at its other side through lead 926 to the arm of 
programmer switch 928. Contact 930 of programmer 
switch 928 is connected to lead 579, FIG. 4. 

In the operation of vertical motor 122 with sensors 
148, 150, 152, FIG. 7, the clutch of clutch-brake 120 
is engaged, through clutch-brake control 920, by a de~ 
tent on the programmer drum which closes switch 914, 
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energizes solenoid 908 and disengages the arm of 
switch 916 from contact 922. In some cases it is desired ' 
during the movement of head 126 to slow its downward 
movement by intermediate sensor 152 before such 
head is stopped by sensor 150. In such cases a detent 
on the programming drum closes the arm of switch 928 
with contact 930 at the time that the programmer is in 
dexed, through the circuitry of FIG. 5, to close pro 
grammer switch 914. 
As head 126 moves down and sensitized sensor 152 

is energized, a signal is transmitted through leads 577, 
579 to solenoid 844, FIG. 6, in the control circuitry of 
D/C power supply 320 of motor 122 and through leads 
F, G, FIGS. 3 and 6, motor 122 is slowed down. When 
the head 126 reaches the sensitized position of sensor 
150, a signal is generated through leads 862, 864 to 
proximity ampli?er 866 and, from the proximity ampli 
?er and through the connecting leads and time delay 
896 to energize solenoid 900. The arm of switch 916 is 
thereby closed with contact 922 and clutch-brake con 
trol 920 disengages the clutch and re-engages the brake 
of clutch-brake 120, FIG. 2. 

Similarly, when head 126 is to be moved in the up 
ward direction, a detent on the programmer closes 
switch 914 and, when the head approaches sensor 148 
a signal is generated, solenoid 900 is energized and 
clutch-brake control 920 releases the clutch and en 
gages the brake of clutch-brake 120, FIG. 2. 
As hereinabove described, the apparatus of the in 

stant invention is controlled by sensors mounted in 
?xed position along the lateral and thrust axes which, 
through the described circuitry, control'lateral motor 
30 and thrust motor 80 and by sensors on head 126 
which control vertical motor 122. In addition to such 
controls with such sensors, the apparatus may be con 
trolled along the lateral and thrust axes by sensors posi 
tioned on the head. In such arrangement the head is 
provided with ?ngers, rather than suction cup 140. The 
apparatus for this arrangement is shown in FIG. 8. 
Referring to FIG. 8,>head 126’ has a ?xed ?nger 128' 

and a movable ?nger 130'. Double acting cylinder 132' 
having ?uid pressure inlet 134’ and fluid pressure out 
let 136' and a piston rod 138' is mounted on movable 
finger 130' and piston rod 138' is connected to ?xed 
finger 128'. Double acting cylinder 132' opens and 
closes ?ngers 128', 130'. Vertical sensor 150 is 
mounted intermediate ?ngers 128’, 130’. Thrust sen~ 
sors 160' and 162' are mounted on head 126' with the 
sensor head of sensor 160’ facing forwardly between 
?ngers 128', 130’ and the sensor head of sensor 162' 
facing rearwardly. Lateral sensors 164’, 166’ face lat 
eral outwardly from the opposite lateral side of head 
126' with the sensitized heads facing outwardly and 
away from head 126'. Photocell 170’ is mounted in 
?xed ?nger 128’ and faces re?ector 172’ mounted in 
movable ?nger 130'. As will be described, photocell 
170’ is connected to a solenoid valve not shown, for ac 
tuating double acting cylinder 132’ to close ?ngers 
128', 130'. Such valve for actuating cylinder 132’ is 
also connected to the programmer for opening ?ngers 
128', 130’. 

In the operation of the apparatus the sensors on head 
126’, FIG. 8, will seek out, ?nd, locate and engage the 
object. In order that this can be done, the sensors on 
head 126’ must be sensitized so that head 126’ will ?rst 
be removed downwardly toward the work supporting 
table and stopped by vertical sensor 150, will then be 
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moved laterally and stopped by sensor 164' or 166', de 
pending upon the direction in which lateral motor 30 
is energized and, thereafter, will move forward, in the 
thrust direction until forward or thrust throttle is 
stopped by sensor 160’. When head 126' has moved in 
the vertical, lateral and thrust directions and is stopped 
by sensor 160' the article to be engaged will be be 
tween ?ngers 128', 130' and double acting cylinder 
132 will be actuated by the interruption of the signal 
from re?ector 172' back to photocell 170’. In order 
that the apparatus controlled by the sensors on head 
126', FIG. 8, will be actuated ?rst vertically, then later 
ally, then forward on the thrust axes, the sensors are 
sensitized, one after the other, by the programmer 
motor which is twice stepped, as hereinabove de 
scribed, at the end of movement in each direction. In 
order that the programmer motor may be so stepped, . 
while vertical movement, without lateral and thrust 
movement, is taking place, lateral switch 780 and 
thrust switch 782, FIG. 5, are closed, either manually 
or by detents on the programmer. During lateral move 
ment, thrust switch 782 and vertical switch 784 are 
closed and, during thrust movement lateral switch 780 
and vertical switch 784 are closed. ’ 

Referring to FIG. 9, the head movement of the appa 
ratus of the instant invention is shown, diagrammat 
ically, as it is moved through an illustrative pattern. The 
machine is programmed, by the circuitry hereinabove 
described, to return to position A after each pro 
grammed operation. From position A, the machine is 
programmed to move the head vertically downward to 
position B and then to the right, as viewed from the 
front of the machine, to position C. Next, the machine 
moves the head forward to position D where the article, 
to be picked up and moved, is engaged and the ?ngers 
on the head are closed, as hereinbefore described, to 
grip the article. 

If the article to be engaged and moved is located at 
a predetermined position on the table and is to be 
picked up from the top of the article, such as by the 
suction cup of FIGS. 1 and 2, the machine may be pro 
grammed, as hereinabove described, to move in the 
vertical, horizontal and thrust directions, simulta 
neously, and to stop, in each direction, when it reaches 
it programmed position. If, however, the article is not 
located at a predetermined position and the sensors for 
all three axes, such as shown in FIG. 8 and described 
in connection therewith, are used, then movement 
must be completed in the vertical axes before such 
movement commences in the horizontal and thrust 
axes. Likewise, movement must be completed horizon 
tally, or longitudinally, before thrust movement. Loss 
of time in such movement along individual axes can be 
minimized by programming the starting position A as 
close as possible to the area where the article will be lo 
cated. 

After the article is engaged at position D, the head 
and article- gripped therein, are moved to position E 
and then to position F. In the illustrated embodiment 
at position F, the article is fed to a drill and a hole is 
drilled in the article. Such drill, or other accessory to 
which such article is fed, may be operated continu 
ously, turned on by a suitable switch, not shown, on the 

_ programmer, or by a sensor at the accessory past which 
the head and article move as such article is being fed 
to the accessory. 














