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The present invention pertains primarily to a 
novel multiple unit type of machine tool, that is 
to say, to a machine tool in which there are a 
plurality of separately movable units or tool 
heads, each of which has its own individual tool 
drive and feed mechanism for traversing the unit. 
In machines of this type, Various tools may be 
provided on different ones of the units, for ex 
ample, drills on some, taps on others, facing tools 
on still others, etc. 
One object of the invention is to provide a ma 

chine tool of the type indicated, embodying a 
novel and improved arrangement for effecting a 
predetermined programed and coordinated feed 
ing of the various units into and Out of the op 
erative relation. With a Work piece. 
More specifically, it is an object to provide a 

machine of the type indicated which embodies 
a novel control arrangement for effecting a pro 
gramed Operation of the units in which differ 
ent selected ones of the units participate in Suc 
cessive cycles of Operation of the machine. 
Another object is to provide a machine tool 

of the type set forth which can, simply by the 
manipulation of a control device as distinguished 
from a disassembly of the controls and new settlip 
of the same, be conditioned at will to execute any 
selected one of a plurality of programs of cyclic 
Operation. 
Another object is to provide a multiple unit 

type of machine in which the units are advanced, 
by individual feed mechanisms, into operative 
relation with the Work and retracted upon Con 
pletion of a predetermined machine operation, a 
novel interlock arrangement of such character 
that a succeeding feed cycle for the units can 
only be instituted after the units have each com 
pleted a predetermined advance and retraction 
cycle movement. In other words, the interlock 
is such that the units must not only all be in their 
proper starting positions before a new cycle can 
be initiated, but must also have fully executed 
their previous cycle. 

Still another object of the invention is to pro 
vide a machine embodying an interlock arrange 
ment of the character indicated in the imme 
diately preceding statement of object, and which 
is additionally adapted for a type of programing 
in which only a portion of the total available 
units are utilized in certain ones of the Succes 
sive cycles. More specifically, provision is made 
for accommodating a condition in which less than 
all the units participate in a particular cycle so 
that the fact that there are such non-participat 
ing units, and which therefore remain at rest, 
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will not interfere with the interlockirag which 
compels all of the participating or selected units 
to completely execute their cycle of 110Venent 
before the next cycle can be instituted, 

Further objects and advantages of the inven 
tion will become apparent as the following de 
scription proceeds, taken in connection with the 
accomparaying drawirags, in Which: 

Figure 1 is a plan view of a machine tool em 
bodying the invention. 

Fig. 2 is a fragmentary front elevation of the 
leftia and portion of the machine as viewed in Fig. 
1, showirag particularly unit of the machine. 

Fig. 3 is a fragmentary rear elevation of the 
lefthand portion of the machine shown in Fig. 1, 
showirag particularly unit 2 of the machine. 

Fig. 4 is a generally schematic perspective Jay 
out of the table indexing mechanism and parts 
driven in unison therewith. 

Fig. 4 is a detail end elevation of the internit 
tent gearing included in the mechanism of Fig. 4. 

iFig. 5 is an end elevation of a rotary Switch ac 
tuating mechanism, and series of switches asso 
ciated thereWith, driven in tinned relation with 
the table indexing Caechanism. 

Fig. 6 is a plan View, partially in horizontal sec 
tion, of the program Switch mechanism for the 
machine control, housed in a casing at the left 
end of the machie bed, as viewed in Fig, i. 

Figs. 7 and 8 are, respectively, a front elevation 
and end elevation, partially in section, of the pro 
gram Switch mechanism of Fig. 6. 

Figs. 9 and 10 are Wiring diagrams of the 
electrical Control Systern for the machine tool, 
these two figures being adapted to be placed end 
to end With Fig. 10 below Fig. 9, to show the 
complete circuit. 

Fig. 1 is a cycle chart for the control System, 
showing the open or closed Condition of various 
SWitches during Successive cycles in the program 
of operation for the machine. 

Fig. 12 is a development of the movable con 
tacts in the master controller for the COratrol 
Systern. 

While the invention is susceptible of various 
modifications and alternative constructions, I 
have shown in the drawings and Will herein de 
scribe in detail the preferred embodiment, but it 
is to be understood that I do not thereby intend 
to limit the invention to the Specific form dis 
closed, but intend to cover all modifications and 
alternative constructions falling within the Spirit 
and scope of the invention as expressed in the 
appended claimas, 
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General Organieation of the machine 
In the particular machine (Fig. 1) selected for 

exemplification of the invention, there are six 
individually movable tool supports shown as units 
Or tool heads, to 6 inclusive, each having a 
metal removing tool or tools thereon and all ar 
ranged to Operate on a single work piece (not 
ShOWn). These units are distributed generally 
circularly about a centrally located movable work 
Support, shown in the form of a rotatably in 
dexible table T. Each of the six units is of what 
is commonly known as the “self-contained' type 
and is adapted to exceute, independently, a cycle 
of movement in which it advances toward the 
Work and then returns to its starting position. 
In the present instance each unit advances at a 
rapid approach rate, then at a slower feed rate 
While its tool is operating on the work, and is 
then retracted at a rapid return rate. For this 
purpose each of the units has its own individual 
tool drive and unit propulsion mechanism, as is 
common practice in Such multiple unit machines, 
So that the operation of each unit is sufficiently 
independent of the others that it can be readily 
Suited to the length of cutting advance and speed 
requirements of the particular operation which 
its tool or tools perform. The number, angle of 
approach and particular location of the units rel 
ative to the Work piece are so chosen as to ac 
Commodate the requirements of a particular 
piece of Work. In the present instance, the unit 

is mounted to slide angularly downward toward 
the Work (see also Fig. 2) while the other units 
slide horizontally. 

All of the units to 6 are supported from a 
massive bed structure, this structure comprising 
a rectangular main bed 8, in the center of which 
is mounted the table 7 on a revoluble upright 
table drive spindle 9, suitably journaled in the 
bed. The units , 2, 4 and 5 are disposed at the 
four corners of the top surface of the main bed 
8 (Fig. 1), While the other two units 3 and 6 are 
Supported on bed Wings G and bolted to the 
opposite sides of the main bed 8. Each of the 
units to 6 is traversable along an individual 
guideway 2 therefor, fixed to the corresponding 
part of the bed structure. In the case of the 
unit , a wedge-shaped support 3 (Fig. 2) is 
interposed between the main bed 8 and the unit's 
guideway 2 so that the latter will be inclined 
for the desired angle of approach of the unit 
toWard the Work on the table . . Of course, 
Such supplemental mounting blocks or the like 
may be used for the guideways of the other units 
to provide any angle of approach for the same, 
relative to the Work, required for a particular 
Workpiece. 
In brief, the controls for the machine are Such 

that the units are caused to move automatically 
in accordance with a predetermined program. 
In each main division of the program of unit 
operation, predetermined ones of the units are 
caused to execute their individual cycles of move 
ment, that is, rapid approach toward the Work, 
a slower or feed speed advance while their tools 
are operating on the Work, and rapid return back 
to their initial position upon completion of the 
machining operation. Intermediate each such 
main division of the program of unit operation, 
the table is indexed through a predetermined 
increment of rotation to present spaced portions 
of the Work piece on it to the various units suc 
Cessively. Furthermore, the control system is 
Such that the units, as well as the table 7, can 
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4. 
be Operated individually rather than in the course 
of a program of automatic operation. Before 
proceeding further with a description of the con 
trol System, the exemplary construction of the 
unitS and table Will be examined with particular 
reference, however, only to the control devices of 
the actuators therefor which are associated di 
rectly with the main control system. 

Construction of the individual units 

The details of the individual units to 6, 
included in the machine illustrated, form per se 
no part of the present invention, and since units 
of this general self-contained type are well 
known in the art, simply a brief description will 
suffice. All of these six units are essentially sim 
ilar in Construction. Thus, each includes a slide 
or carriage 4 traversable along its corresponding 
guideway 2. On the forward ends of the sildes 
4 are casing structures 5 and 20 for the re 

Spective units to 6. The forms of the indi 
vidual. Ones of these tool head casingS are such 
as to adapt them to accommodate the particu 
lar tools assigned to the corresponding units. 
Thus, in the present instance the units , 2 and 
A have spindles 2 adapted to receive rotatable 
rough boring and facing tools, the units 3 and 

having rotatable drill spindles 23, while the 
unit 5 has three such rotatable drill spindles 24. 
It will be appreciated by those skilled in the art 
that, of course, a wide variety of different forms 
and numbers of rotatable tools may be provid 
ed on the various tool heads. 
Any one of a number of Well-known forms of 

drive and propulsion mechanisms of either the 
electric or hydraulic types may be utilized for 
the Several units. For present purposes the pri 
mary requirement is simply that they be capable 
of control, as to starting and preferably stop 
ping, from a remote point as, for example, 
through the use of electromagnetically operated 
Switches or valves. In the present instance elec 
tric motors, started and stopped by remotely 
controlled relays or contactors, are used for driv 
ing the tool spindles; and hydraulic propulsion 
Systems, started and reversed by remotely con 
trolled valve-operating Solenoids, are used to 
traverse the units. Thus individual electric 
drive motors 25 to 30 are provided for the re 
spective units to 6 (Fig. 1). These motors are 
mounted on the unit slides 4 and are connect 
ed through suitable gear connections (not shown) 
in the casings 5 to 20 to drive the tool spindles 
of their respective units. Additionally, these 
motors Serve to drive fluid supply pumps (not 
shown) for hydraulic type feed or propulsion 
mechanisms of their respective units. These hy 
draulic feed mechanisms have not been detailed, 
Since they may be of any one of a variety of 
forms available on the market today and which, 
per se, form no part of the present invention. It 
is sufficient to note that the feed mechanism of 
unit 2, shown in Fig. 3, and which is typical of 
those for the whole series of units, comprises a 
hydraulic actuator in the form of a cylinder 3 
rigid with the slide 4 and having slidable in it 
a piston 32 fixed to the bed 8. Thus as pressure 
fluid is supplied to the left end of the cylinder 
3 (as viewed in Fig. 3) and exhausted from the 
righthand end, the slide 4 is traversed to the 
left, i. e., advanced toward the work; and simi 
larly, as fluid is Supplied to the righthand end 
of the cylinder 3i and exhausted from the left 
hand end, the slide 4 is retracted to the right, 
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Pressure fluid for this purpose is, as noted above, 
supplied from a suitable pump driven by the 
unit's motor 26. 

Control of the pressure fluid is effected by a 
Suitable valve mechanism housed within a cas 
ing 33 fixed on the slide 4. Since hydraulic 
control valve mechanisms of the general type 
here contemplated are commonly available on the 
market and their construction Well known (for 
a publication giving details of the same see "Hy 
draulic Controls on Machine Tools' published in 
1940 by General Motors Institute, and partic 
ularly the Wickers System in Sec. C-Unit 4, 
page 7) only the general program of Operation 
need be detailed here, together with the actu 
ating devices therefor which form a part of 
the general control System that enters into the 
present invention. 
In brief, the valve mechanism housed in the 

Casing 33 has four positions, viz: a neutral or 
stopped position in which supply of fluid to the 
cylinder 3 is cut off, a rapid approach position 
in Which fluid is Supplied at a high volumetric 
rate for advance of the slide 4, a slow feed po 
sition in which fluid is supplied to the cylinder 3 
at a lower volumetric rate for a slower or feed 
advance of the slide, and finally a rapid return 
position in which fluid is supplied to the cylin 
der for a rapid retraction of the slide 4. The 
valve mechanism can be shifted to any of such 
four positions by a hand lever 34 Swingably 
mounted on the side of the casing 33, or by au 
tomatic-operation instrumentalities including a 
pair of solenoids hereinafter detailed, in a cas 
ing 35 and a plunger 36 operated by dogs 37 and 
38 adjustably fixed to a rail 39 on the side of 
the bed 8. 
At the start of a cycle of unit movement, mo 

mentary energization of the starting solenoid 
shifts the valve mechanism to its rapid approach 
position; then as the slide A moves forward, 
elevation of the plunger 36 by the dog 37 shifts 
the valve mechanism from its rapid approach 
position to its feed position. At the end of the 
forward stroke of the unit a limit switch is closed 
to energize the reversing Solenoid momentarily 
so that it shifts the valve mechanism to its rapid 
return position, whereupon the slide 4 is caused 
to retract. Finally, when the slide 4 reaches 
itS initial position, the valve mechanism is shift 
ed back to its neutral position by engagement of 
the dog 38 with the plunger 36 to stop the unit. 
The Solenoid and other electrical connections 

in the master Control System are shown in the 
Wiring diagram, Figs. 9 and 10, and are herein 
after detailed, though it may be convenient to 
note at this point that the starting or “unit for 
ward' solenoids are identified as UF?, UF2, UF3, 
UF4, UF5 and UF6, and the “unit reverse' sole 
noids as UR, UR2, UR3, UR4, UR5 and UR6 
for the units to 6, respectively. In Fig. 2 is 
shown the reversing limit Switch LS3 for the 
unit and Which is typical of the location of the 
Similar switches, mentioned generally above, for 
all of the units. This switch LS3 is mounted 
Stationarily adjacent the unit and is a normally 
Open switch. It is closed at the extremity of for 
ward notion of the unit by a dog 398 adjustably 
mounted on the side of the latter opposite the 
valve mechanism. Incidentally, it may be noted 
here that the similarly located reversing limit 
SWitches for the units 2 to 6 are identified in the 
wiring diagram (Fig. 10) as LS23, LS33, LS43, 
LS53 and LS63, respectively. 
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6 
Table indeacing mechanism 

A reversible electric motor 40 (Fig. 4) is pro 
Vided for indexing the table 7. This motor is 
connected through a speed reduction gearing 41, 
and a worm and Worm wheel 42, 43 to a rotatable 
shaft 44. The latter shaft is connected through 
an intermittent gearing, designated generally at 
45, With a shaft 46, which is in turn connected 
through bevel gears 47, 48 to the table spindle 9. 
The intermittent gearing 45 may be of any suit 
able well-known form and is shown as including 
a driver arm 49 fixed on the shaft 44 and having 
a roller 50 journaled on its outer end. The driven 
element 5 of the intermittent device comprises 
a disk fixed on the shaft 46 and having four ra 
dial slots 52 in its outer face, merged at their 
inner ends (see Fig. 48 for a face view of the 
member 5). Upon each revolution of the shaft, 
44 the roller 56 enters the outer end of one of the 
grooves 52, passes down the same and then out 
Ward, thus revolving the disk 5; through a quar 
ter-turn. Consequently, each revolution of the 
shaft 44 advances the shaft 46, and thereby the 
table , through one step of the movement. The 
ratio of the gears 47, 48 is so chosen, in the pres 
ent machine, that the table will be moved 
through one-fourteenth of a complete revolution 
during each step of its advance. 
To locate the table 7 accurately in its various 

indeX positions, any suitable locating or locking 
means may be utilized, and of which a number 
are Well-known in the art. In the present in 
stance, Such a mechanism has been shown gen 
erally schematically in the form of a locating pin 
53 which is projectable vertically into registering 
Ones of a series of fourteen holes 54 correspond 
ing to the Various index positions of the table. 
The pin 53 is pivotally mounted on the outer end 
of a bell crank lever 55, which is carried by a 
Stationarily mounted pivot pin 56. The arms of 
the bell crank 53 are bifurcated, and the lower 
One is pivotally connected to an endwise-movable 
Shifter rod 5. 
The rod 57 is shifted endwise in timed relation 

With the indexing of the table (to raise and 
lower the pin 53) by means of a barrel cam 58 
fixed on the shaft. 44. This cam 58 has a periph. 
eral groove 59 in which is received a cam foll 
lower roller on a pin 68 journaled in a swinging 
arm 6. The latter is carried by a pivot, 62. The 
Outer end of the arm 6 is received between a 
pair of collars 63 fixed on the rod 57. The can 
groove 59 is contoured so that as the shaft. 44 be. 
gins to revolve from the position shown in Fig. 4, 
the arm 6f will swing to the right, thereby free 
ing the pin 53 from the table 7. As the rotation 
of the Shaft 44 continues, the intermittent gear 
ing mechanism's driver roller 50 engages the 
driven member 5 just before the pin is freed 
from the table. The cam groove 59 is contoured 
So that the pin is retained out of engagement with 
the table until the step of indexing motion of the 
latter is almost completed and just before the 
roller 59 leaves contact with the driven member 
5, and thereafter the cam groove 59 is contoured 
to Swing the arm 6 back to the left, and thereby 
re-engage the pin with the corresponding hole 54. 
during the completion of the revolution of the 
shaft 44. 
Various means may be provided for insuring 

accurate location of the table in the precise angu 
lar position required. In the present instance the 
control system is arranged, through switching 
mechanism hereinafter detailed, to open-circuit, 
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the indexing motor 4 at the completion of the 
indexing movement of the table and then to 
“plug’ it to insure immediate stoppage. In other 
Words, the motor is, upon stopping, energized for 
reverse rotation and remains so energized until 
the instant at which such leverse rotation actu 
ally starts and at which time a plugging switch 
64 (Fig. 4) opens to de-energize the motor. 
Plugging switches for the general purpose noted 
are well known in the art, and the switch 64 has 
been generally schematically illustrated in Fig. 4. 
As there shown, it comprises a stationary contact 
65 coacting with a movable contact 68 on an arm 
having a hub 6 loosely journaled on a shaft 63. 
Frictionally engaging the face of the hub 6i is a 
disk 69 fixed to the shaft 68. The latter shaft is 
driven by a belt and pulleys from the mg 
tor A9. 
As the shaft of the motor A) revolves in the 

direction of the arrow 2 in Fig. 4, Which is the 
direction of motor rotation utilized for advancing 
the table, the movable SWitch contact 66 is urged 
into closed position. With relation to the stationary 
contact 65 by the frictional engagement of the 
disk 69 with the hub 87. When it is desired to 
stop the motor it is energized for rotation in a 
reverse direction through a circuit including the 
plugging Switch. Then as soon as the notor 
begins to revolve in the opposite direction the 
plugging Switch opens and the notor is thus 
stopped. 
A group of five control SWitches (see Fig. 5) 

is arranged to be actuated in timed relation With 
the rotation of the table indexing 4 and, ac 
cordingly, the construction of their actuator may 
conveniently be described at this point since it is 
driven by the table's indexing mechanism. The 
actuator comprises a disk 73 (see also Fig. 4) 
fixed to the outboard end of the motor-driver. 
shaft 44. Fixed at suitable points on this disk, 
and projecting radially from it are five dogs 16, 
7 5, 16, 17 and 78 which are adapted to actuate 
respective ones of an adjacent Series of SWitches 
LS73, LSE 2, LS74, LS5 and LS7. The dogs are 
all displaced from each other in a direction axially 
of the shaft 44 a sufficient amount that the aS 
sociated switches can be mounted so that only 
the corresponding dog will engage the actuator of 
the same as the series of dogs revolves. 
As indicated in Fig. 5, the series of Switches 

mentioned just above are all of the form com 
monly used for limit switches and each embodies 
swingable actuator arm 79 having a roller on its 
outer end adapted to be engaged by the correr 
sponding dog, the arms being Spring-urged toward 
the dogs. Of these five switches, all except the 
switch LS5 have a single set of contacts, and 
those of all except LSE 2 are normally open and 
are closed when the associated dog moves the 
switch's actuator arm 79. The SWitch LS2 has 
normally closed contacts, opened by its dog and 
the switch. LS75, has a pair of alternatively cloS 
able contacts LS75 and 2LS5 (see Fig. 9). The 
contacts of the switch ES5 are normally urged 
to a position in which the contact LS5 is closed 
and the contact 2; S75 opened. The dog en 
gages the actuator arm of the switch LSA 5 When 
the shaft 44 is in such angular position that the 
locating pin 53 is projected upward in engage 
ment with the table . Accordingly, the contact 
LS75 is closed at all times when the pin 53 is 

not in engagement With the table and is Open 
when the pin is properly engaged with the table. 
As will hereinafter appear, the Switch LST5 is 
used as an interlock to prevent operation of the 
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8 
units f to 6, except when the locating pin 53 is 
in engagement with the table 7, thus showing 
that the table is in a properly indexed position. 
It should be observed that the SWitch LST5 is 
actuated by its dog TT somewhat in advance of 
the time that the shaft 44 reaches the position 
shown in Fig. 5 and remains actuated by its dog 
until the shaft does reach such position. On the 
other hand, the Switch LS73 is closed momen 
tarily by its dog 74 just before the shaft 44 reaches 
the position shown, but is freed to reopen when 
the shaft stops in such position. The timing is 
such as to give an overlap of the operation of 
SWitches LS 5 and LS13 so that the SWitch S3 
will be closed coincidentally with contacts 2LS75, 
and then reopened. 
The functions of the other four switches LS7 

to LS74 described just above will be more fully 
developed in connection with the description of 
the operation of the control System as a whole. 
It is sufficient for present purposes to note that 
the switch LS7 f is closed by its dog 78 during 
each indexing movement of the table and Serves 
to pre-set certain interlock contactors for the 
units. Opening of the switch. LS72 by its dog 
5 stops the table indexing motor 40. The 
momentary closure of LS73 by its dog 4 initiates 
the forward movement of the units, but is con 
nected in series (see Fig. 9) with the contacts 
2LS 5 of the switch LS75 so that it will only be 
effective to initiate movement of the units when 
the locating pin 53 is properly engaged with the 
table 7. The switch LS 24, like the switch LS75, 
is shifted to closed position by its cooperating 
dog when the table-locating pin 53 is properly 
engaged with the table, or in other Words, When 
the table is properly set in one of its indexed posi 
tions. The switch LS74 is, however, connected 
in a different portion of the control circuit (see 
Fig. 9) from that which includes the switch LS15 
and serves, in general, as an interlock which 
permits movement of the units only when the 
table is properly positioned, during operation of 
the units individually, as distinguished from their 
operation in the course of a program of auto 
natic Operation. 
IMaster controller for sel3ction of general type Of 

Operation. 
Provision has been made for conditioning the 

machine as a whole for Various types of Opera 
tion. In the instant machine, four general types 
of operation are optionally available to the user, 
and these are: 
(1) "Automatic cycle' Operation. 
(2) “Hand-feed' operation. 
(3) “Unit-feed' operation. 
(4) “Hand index' operation. 
A master controller is provided for the machine 

and has four positions or settings corresponding 
to the four types of operation noted above. The 
master controller is housed within the bed 8 and 
is operable by a four-position hand lever 22 on 
the front of the nachine (see Fig. 2). The con 
troller itself is of conventional construction for 
such devices and its contacts are Shown in de 
velopment in Fig. 12. As indicated in the latter 
figure, there are seven bridging contacts Bi to 
B?, movable as a group, and-Seven pairs of sta 
tionary contact points C? to C, said bridging 
contacts being movable endwise of the set of sta 
ionary contacts to the four positions indicated by 
the legends in Fig. 12 and which correspond to 
the four types of operation listed for the machine 
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above. Thus, in the 'automatic cycle' position, 
only the contacts C and C2 are closed; in the 
“hand-feed’ position only the contacts C and 
C3 are closed; in the 'unit-feed' position only 
the contacts C4 are closed; and in the “hand in 
dex' position only the contacts C5, C6 and C. 
are closed. The circuits connected to the coin 
tacts C to C7 are shown in Figs. 9 and 10 and 
more fully described hereinafter. 
In brief, When the master controller is set in 

its “automatic cycle' position the machine is con 
ditioned for operation in accordance with a pre 
determined program. Which is executed from be 
ginning to end completely automatically by the 
machine. In the course of this program the table 
7 is rotatably indexed through fourteen steps to 
Complete one full revolution, and in each of the 
fourteen positions thereof certain predetermined 
Ones of the units to 6 are caused to execute their 
cycles of movement heretofore described, so that 
their tools Operate upon the Corresponding por 
tions of the Work piece on the table presented to 
such units. The "hand feed' setting is used when 
it is desired to have the units repeat their cycles 
for Only Some One particular step in the Over-all 
program mentioned just above. In the third, or 
'unit-feed' type of operation, the drive motors 
for desired individual ones of the units may be set 
in operation by corresponding push buttons H 
to IM, inclusive (see Fig. 9), and the units trav 
ersed by manipulation of their control levers 34 
for the Valve mechanisms heretofore noted. In 
the fourth or "hand index' type of operation the 
table can be indexed step-by-step through any 
distance desired Without setting in operation any 
of the units. The last three types of operation 
are used primarily in setting up the machine for 
a new Workpiece. The controls and their opera 
tion for effecting all four of these types of opera 
tion will appearin detail hereinafter. 

Program control for automatic operation 
As noted above, when the master controller is 

in its “automatic cycle' position the machine is 
adapted to operate throughout a complete pro 
gram of automatic operation. Also of particular 
importance in the present invention is the pro 
vision of means by which the machine can be 
readily conditioned to execute any desired one of 
several such programs of automatic Operation. 
In the exemplary machine, provision is made for 
two alternately available programs. This makes 
it possible to arrange one program for carrying 
out a series of operations on one work piece, and 
a second program for carrying out either a sec 
ond series of operations on the same work piece 
or a second series of operations on a different 
form of work piece. In this way, wastage of time 
for "set-up' of the machine is avoided, since with 
the present arrangement a shift from one pro 
gram to another entails no more than simply 
shifting a hand lever, as hereinafter described. 
It will be appreciated by those skilled in the art 
that “set-up' time represents not only the cost 
of highly skilled labor in reconditioning the ma 
chine for a different Operation, but also loss of 
output from a very expensive machine tool during 
the time that it is idle. 

In brief, the programing in the present ma 
chine is accomplished by means of a can mech 
anism driven in timed relation. With the indexing 
of the table . For each index step of the tale 
the cam mechanism sets up the controls auto 
matically in such manner that predetermined 
ones of the units are conditioned for operation. 
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To make possible more than One program, a COr 
responding plurality of sets for the cams are pro 
Wided. 

In the exemplary construction, the cam mech 
anism, and the control SWitches which it operates, 
are housed in a casing 8 at the left end of the 
machine bed 8 (Figs. 1 and 2). The cam mech 
anism itself (see Figs. 6, 7 and 8) comprises a 
can shaft 82 extending longitudinally of the 
casing and having keyed on it two sets of periph 
eral cams 83 and 84, respectively, and various 
groups of these cams from the two sets are Sep 
arated by suitable spacer collars 85. These two 
sets of cams are positioned to be used selectively 
to actuate an associated set of electric control 
switches comprising switches LS22, LS32, LS42, 
LS52 and LS62, corresponding to units 2 to 6, 
respectively, and a group of three additional con 
trol switches LS8, LS82 and LS83. No such 
Switch need be provided for unit since the ex 
emplary machine happens to be set up in Such 
a Way that this unit participates in each step 
of both of the available programs, except in the 
final step of the second program, and in this 
last step the unit 3 operates alone through the 
use of a special circuit controlled by the switch 
LS83, rather than under the control of its usual 
unit SWitch. LS32, all of the unit SWitches being 
cut out of service at such time. 
The switches LS22, LS32, LS42, LS52 and 

LS62 are all normally open switches and have 
cam followers 86 On their upper ends (see Figs. 
7 and 8) which, when thrust downWard by the 
associated cam, close the corresponding SWitch. 
Of the other three switches, the Switch. LS83 is 
of the same single-contact, normally open type, 
but the Switches LS8. and LS 82 are of the double 
contact type. Thus, the switch LS8 (see Fig. 
10) has two mechanically interconnected alter 
natively closable contacts, LS8 and 2LS8, 
while the switch LS82 also has two alternatively 
closable contacts LS82 and 2LS82 (see Fig. 9). 
The switches LS8, LS82 and LS83 also have actu 
ators 86, Operated by the associated cams. All 
of the eight Switches noted are mounted. On a 
bracket bar 87 (Figs. 6 and 7) within the housing 
8. The connections to the various SWitches, 
hereinafter detailed, are shown in Figs. 9 and 
10 where the can mechanism associated there 
With is also indicated diagrammatically. 

Longitudinal shifting of the camshaft 82, to 
gether with a short rocking motion of it, is utilized 
to condition one or the other of the sets of cams 
83 or 84 to operate the associated Series of 
switches. For this purpose, the cam shaft 82 is 
journaled in a pair of Swingable bracket arms 
88 fixed on a shifter rod 89, which is mounted 
for longitudinal as well as rocking movement in 
bearings 99 in the end walls of the housing 8f 
(Fig. 6). A hand lever 9, pinned to the rod 
89 at 94, is utilized in shifting the rod endwise 
to one or the other of its two alternative posi 
tions. These two alternative positions are de 
fined by a pair of slots 938 in a bracket 93 (Fig. 
6). When the lever 9 is Seated in the Outer 
most one of the slots 93 as shown in Fig. 6, the 
cams 83 are in operative relation with the 
Switches, and when the lever is pushed to the 
right, carrying the rod 89 with it, and seated in 
the other or innermost slot 93, the other set of 
cams 84 is positioned for operation. A locking 
screw 92 passing through the lever and threaded 
in a tapped hole in the root of the slot in which 
the lever is located holds the hand lever releas 
ably in one or the other of the slots 93. In 
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shifting the lever 9 from one slot to the other 
the screw 92 is released and the lever is pulled 
upward to free it from the slot, the rod 89 being 
thereby rocked, thus raising the cams to clear 
the Switch actuators 86 (Fig. 8). 
The cam shaft 82 is driven in timed relation 

with the table 7, and like it, is indexed to four 
teen successive rotary positions in making a full 
revolution. For this purpose, the camshaft 82 
has a gear 95 fixed on one end thereof (Figs. 
4 and 6) and meshed with a pinion 96 loosely 
journaled on the shifter rod 89. This pinion 96 
is, in turn, driven from a bevel gear 9 fixed to 
it and meshed. With a bevel gear 98. The latter 
gear is driven through a jointed shafting 99 (Fig. 
4) from a bevel gear 100 meshing with a bevel 
gear f0l fixed on the table spindle 9. 
The cams 83 and 84 are peripherally notched 

(see Fig. 8) and when a notch thereon is shifted 
into registry with the actuator roller 86 on the 
corresponding switch, the latter is permitted to 
move upward under the urging of its spring bias. 
On the other hand, when a lobe or projection 
on the cam contacts the actuator roller, the lat 
ter is thrust downward and the SWitch contacts 
closed. Each of the sets of cams 83 and 84 is 
so contoured that for each of their fourteen Suc 
cessive positions certain desired ones of the unit 
control switches LS22, LS32, LS42, LS52 and S62 
Will be closed. Through the use of control Con 
nections hereinafter set forth, the closure of Such 
switches is utilized to condition the corresponding 
units for operation. The functions of the other 
three switches LS8, LS82 and LS83 appear here 
inafter in connection with the description of Oper 
ation of the general control System. 

Interlocking system 
A fairly large number of interlocks are provided 

at various points throughout the machine to 
insure its safety of operation. The principal Ones 
of these are outlined in the present section. 

First to be noted is the means for insuring full 
retraction of each of the units or heads to 6 
prior to the institution of each indexing step of 
the table T. It will be appreciated that Since 
the units have individual propulsion mechanisms, 
and may be set up to operate at different Speeds 
and through different ranges of travel, that they 
will ordinarily not be returned to their idle sta 
tions coincidentally. Accordingly, it is neces 
sary to interconnect their controls So that all 
of them must be fully retracted before the table 
T can be indexed. For this purpose a plurality 
of limit switches LS, LS21, LS3, LS4, LS5 
and LS6 are provided for respective Oines of the 
units to 6 (see Fig. 9). The mounting of the 
switch LSI for the unit f is typical for all and 
is shown in Fig. 2. As indicated in the latter 
figure, the switch is stationarily mounted adja 
cent the unit and is disposed to be closed by a 
dog O2 adjustably mounted on the side of the 
unit's slide 4. Each of these switches embodies, 
respectively, normally open main contact LS, 
ILS2?, LS3, LS4, LS5 and LS6 , as well 
as a normally closed auxiliary contact 2ISA?, 
2LS21, 2LS3 , 2LS4, 2LS5? and 2LS61 (Fig. 9). 
Engagement of the dogs O2 with the actuator 
arms of the respective Switches causes the main 
contacts to close and the auxiliary contacts to 
open. In Fig. 9 the dogs O2 are indicated as So 
engaged, which is the condition. Which prevails 
When all of the units to 6 are fully retracted 
and ready to start a cycle. The main contacts 
are all connected in series with each other so 
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that all of them must be closed before a circuit 
can be completed through them for initiating 
operation of the table's indexing motor 4. 
The auxiliary contacts 2LSil, etc., noted above, 

serve to control corresponding ones of a set of 
pilot lamps 23 (Fig. 9). These lamps are 
mounted on a panel 4 (Fig. 2) on the front of 
the machine. Closure of a push button SWitch 
O (Fig. 9) sets up a supply circuit for the lamps 
and if any one of the auxiliary contacts is closed 
its corresponding pilot lamp Will light, thereby 
indicating that its unit is not fully retracted, 
The operator can thereby readily inform him 
self of the particular unit or units which are not 
fully retracted at any time and which are there 
fore holding up indexing of the table. 
The second and much important feature of the 

interlocking system to be noted is the means for 
insuring that the units programed for Operation 
in any particular step of the program of auto 
matic operation have, in fact, actually executed 
their cycles of movement before the table a can 
be indexed to its next position. In other words, 
the arrangement is such that if, say, unitS and 
is are programed for operation at a particular 
point in a program they must not only be re 
tracted before the table can be advanced a fur 
ter step, but must have also been fully project 
ed forward prior to their arrival in Such retract 
ed position. Moreover, the interlocking for this 
purpose is such as to accommodate the program 
ing of only selected ones of the whole Series 
of units for participation in particular steps of 
the program. Upon reflection it will be seen that 
the latter factor introduces a prime difficulty. 
In particular, the system cannot be merely such 
that the units complete an interlocking circuit 
by closing corresponding series connected limit 
switches when fully advanced, for, in that case, 
there would be no way to distinguish between a 
Switch which was unactuated because of failure 
of a unit to advance, by reason of mechanical 
difficulty, from one which was unactuated be 
because of failure of the unit to advance by 
reason of its non-Selection for that particular part 
of the program. These antithetical require 
ments have been reconciled in the present novel 
control system, as will more fully appear below. 
With the foregoing in view, the control SyS 

tem comprises in addition to the limit Switches 
LS, LS2, etc., responsive to the movement of 
the units into their retracted positions, another 
Series of control devices dependent for their Op 
eration upon the movement into their advanced 
positions of the units preselected in the imme 
diately preceding operation of the programing 
device. In the present instance these additional 
control devices (see Fig. 10) are in the form of 
six interlock or timing contactors, T, T2, T3, 
T4, T5, T6, provided for the respective units 
to 6. These contactors have respective main 
energizing windings TCM, TCM2, TCM3, TCM4, 
TCM5 and TCMI6, as well as respective auxiliary 
release windings TCA, TC2, TC3, TC4, TC5 and 
TC6. Each of the contactors has an endwise 
movable armature 95, carrying a plurality of 
movable contacts in the usual manner for con 
tactors, the arimature being normally urged to 
the right (as view in Fig. 10) by a biasing 
spring 6. Momentary energization of the 
contactor's main Winding pulls the armature to 
the left, where it is held in position by a spring 
urged mechanical latch O. Energization of 
the auxiliary or release Winding of the contactor 
releases the latch, thereby permitting the air 
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mature to Snap back to the right, under the surg 
ing of its biasing spring C6; to its initial. po 
Sition. 

In brief, the control system is such that dur 
ing each indexing advance of the table. T, the 
programing mechanism energizes the release 
Windings for the -interlock contactors of the part 
ticular units preselected for participation: in the 
next step of the program, thus unlatching their 
interlocking contactors: so as to render further 
operation of the indexing; mechanism subject to 
a relatching operation; in response to the move 
ment of the units into their advanced positions, 
It is, incidentally, the closure of switchi. LSid dur 
ing the indexing of the table by the actuator 
mechanism: therefor heretofore described, which 
sets up the circuits to permit such energization 
of the release windings at the proper time, the 
circuits therefor; being hereinafter detailed. 
When, the units: corresponding to the unlatched 
interlock contactors: reach their points: of: full 
advance, the resultant closure of their reversing 
limit switches: (ESF3, RS23, LS33, LS43, LS53 and 
ES63 heretofore"described) causes the main.Wind 
ings of the unlatched: contactors to be energized, 
thereby relatching such contactors. In this way 
the interlock, contactOS. of the Selected units for 
each step in the program are: unlatched and then 
relatehed when, the corresponding units have 
been: properly advanced. By virtue of this ar 
rangement: all of the contactors Will be latched in 
at the end of the step of the program and the 
control System is Soarranged that such a latched 
in, condition for all of the interlock contactors 
is a condition precedent.to' institution of the next, 
succeeding: indexing step. for the table. 
The third feature of the interlocking system 

to be particularly noted is the means for effecting 
an emergency retraction of the units in the event 
that any of them start forward when the table is 
not properly located in: one of its fourteen-index 
positions. For this purpose switches. TSF4, and 
ES35 are mounted alongside the units - and 3. 

These are normally open (FigS. 1 and 2). 
switchies. and are closed by dogs- 8 on the units 
during the initial portion of the advance, move 
ment of the latter. By circuits hereinafter Set 
forth, closure of either of these switches effects an 
emergency retraction of all of the units if it hap 
pers that the contacts. ES75 of switch LS75 are: 
also closed at the same time. It will be recalled 
that these contacts LS75: are closed whenever 
the locating pin 53- is not engaged with the table 
: Only two. interlock switches LS4 and LS35 
are included since one; or the other of the units 
i. and 3 are utilized in every step of the two pro 
grams for which the exemplary machine happens 
to be set up. Of course, With other program air 
rangements, additional-switches of the same char 
acter could be provided on other ones of the units, 

Electric: control system. 

The various automatic switches heretofore de 
scribed: are included in an integrated control Sys-- 
tem. The control System is, in a primary sense, 
set up: for various types of operation by the use 
of the master controller heretofore noted arid 
the execution of these various types of operation: 
is in turn instituted, or arrested by suitable ones, 
of a. Set of manually operated push button. 
switches. On a panel 69 at the front of the ma 
chine (Fig. 2). 
clude the following:: 

A., MGSter. "Start'. Stitch-Momentary actua 

These push button. Switches in-, 
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tion of this switch starts the various drive motors 
25 to 30 for the several units. 
B. Master: “Stop' switch-Momentary actua 

tion of this switch stops the entire machine. 
C. Automatic “cycle Start' Suitch-Momen 

tary closure of this Switch initiates the automatic 
cycle of Operation for a complete program. 

D. “Hand feed’ suitch-Momentary closure of 
this. Switch institutes the operation of the units 
for the particular step in the program corre 
sponding to the position of the table so that the 
machine is caused to execute that one step of the 
program and then come to rest. This control is 
used in repeating a particular step in the pro 
grani, for example, in setting up the machine. 
The table must have been positioned through the 
ise of the autonnatic cycle control rather than 
the handlindex control so that the units and table 
will be instep with each other. 

E. 'Hand.indeac' switch-Closure of this hold 
down SWitch causes a step of indexing motion for 
tie table i without affecting the units to 6. 

F. “Einergency reverse' suitch-Momentary 
closure of this SWitch causes all of the units - to 
6 to be emergency retracted back to their initial 
or idle positions. 
Upon reference to Fig. 2 it will be observed that 

the control SWitch panel 9 is located adjacent, 
the signal or pilot lamp panel 84. On this latter 
panel are not only the set of pilot lamps 53 here 
tofore noted for indicating the lack of full re 
tractien in particular ones of the units, but also 
a set of six pilot lamps f: ). These latter lamps 
(see-Fig. 10) correspond to the respective units 

5. to 3 and are controlled, respectively, by contacts 
31, 3T2; 3T3, 3TA, 3T5 and 3T6 of the interlock 
Centactors T-to-T6: The contacts noted are open 
When the corresponding interlock contactors are 
released, and closed when they are latched in. 
Consequently, closure of a push button switch N, 
in the supply circuit for the bank of pilot lamps 
is, Will cause those lamps to light whose corre 
Sponding interlock contactors are latched in, 
thereby indicating that those units whose lamps 
do not light have not yet fully executed their for 
Ward movements. The push button switches O 
and N for the sets of pilot lamps iO3 and f) are 
also mounted on the panel 36 (Fig.2). A further 
pilot lang, f is mounted on the switch panel 
469, and is connected in a portion of the control 
circuit shown in Fig. 9, in a particular manner 
which will hereinafter appear, so that it will be 
lighted. Whenever the circuits are properly condi 
tioned for institution of an automatic cycle of op 
eration by cleSure of the “cycle start's push but 
ton; C. 
In the centrol system of Figs, 9 and 10 current 

is supplied for all of the motors as well as for the 
control circuits per se from a common source of 
current. As there indicated, the drive motors 25 
to 3. for the respective units are uni-directional 
three-phase motors fed from supply lines E1, L12; 
and E3, While the index motor A3 is shown as a 
reversible three-phase motor. Current for the 
control circuits is supplied at a suitable low 
voltage through a step-down transformer 2. 
having a primary: winding E-3 (connected across 
sugply lines L1 and Li2) and a secondary winding: 
f £4. One terminal of this secondary winding is 
connected to a low voltage supply line 5 and 
the other to a line S. through the “stop' switch 
B. The line if S is in turn connected to a supple 
rental supply line. A through contact B of the 
master controller. The lines is and are coni. 
tinted onto Eig. 10 and the devices shown in the 
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latter figure are energized by connecting then 
across these lines. 

Suitable relays and contactors are provided in 
the control system for controlling various por 
tions thereof. Thus, each of the drive motors 25 
to 30 (see Fig. 9) is controlled by a corresponding 
one of a set of motor contactors MA, M2, MS, ME, 
M5 and M8. The reversible indexing motor 49, O: 
the other hand, has two contactors TMF and IMR, 
associated therewith and which, respectively, 
connect it for forward and reverse rotation. The 
“unit forward' solenoids UF to UF3, heretofore 
noted, are included directly in the control circuit, 
(Fig. 9), but the “unit reverse' solenoids UR, to 
UR6 (Fig. 10) are energized indirectly through 
the medium of respective unit reversing relayS 
UTR, to UTR3. Moreover, the control circuit in 
cludes six intermediate relays Or contactors, 
namely, a “master start' relay MS, an "auto 
matic feed’ relay AF, a “master feed' relay MF 
(all shown in Fig. 9), a “hand index' relay HI, an 
“automatic timing' or interlock contactor ATC, 
and a "master timing' or interlock contactOr 
MTC (all shown in Fig. iC) in the case of the 
various motor contactor's all of which are shown 
in Fig. 9, the contacts therefor have been shown 
as mechanically connected (indicated by broken 
lines) with the actuating Windings therefor. In 
the case of the other contactors and relays the 
reference characters for the Sane have been ap 
plied to their actuating windings and their con 
tacts have been shown immediately adjacent the 
actuating windings. These immediately adja 
cent contacts are not, however, shown at Such 
point as connected in the circuits but are repeated 
in the proper points in the circuit. The indi 
vidual contacts of the Various relays and con 
tactors are identified With the reference chair 
acter for the particular contactor or relay pre 
ceded by a digit for the particular set of contacts. 
Thus, for example, the master start relay MS has 
contacts IMS, 2MS, etc., Which are shown in the 
upper right-hand portion of Fig. 9 immediately 
adjacent the actuating Winding of the relay and 
repeated at their proper points in the circuit. 
Résumé of programed automatic operation. 
As a preliminary to programed automatic Op 

eration of the machine, the following initial Set 
tings of the machine elements and controls must 
be made: 

(d) The master controller lever 22 (Fig. 2) is 
shifted to its “automatic cycle' position (Fig. 12), 
thereby closing controller contacts C and C2, 
while leaving C3 to C open. In the wiring dia 
grams of Figs. 9 and 10 these various contacts of 
the main controller have been shown in Such 
condition. 

(b) The program selector lever 9 (Fig. 6) is 
moved, to condition for operation, a selected one 
of the alternatively available sets of cams 83, 84. 
It Will be assumed in the succeeding description 
of the machine that the set of cams 83 is the one 
first conditioned for Operation. The program 
chart Constituting Fig. 11 designates the various 
ones of the cam-operated SWitches Which are 
closed in Successive steps of the first and second 
programs, corresponding respectively to the two 
Sets of cams 83 and 8A. As appears in the first 
column of the chart of Fig. 11, the table 7 has 
fourteen index positions and is finally returned 
to the fourteenth position as its final rest posi 
tion. In each of the resultant fifteen rest posi 
tions of the table in making a complete revolu 
tion (the first and last of which are the same), 
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16 
fifteen different “operations' are performed (see 
second column in the chart) by the various des 
ignated units. A black Square in the chart indi 
cates that the corresponding SWitch is closed and 
a White Square that it is Open. 

(c) The units to 6 must all be returned to 
their fully retracted positions, in which event the 
main contacts of the switches LS , LS21, TS3 , 
LS4, LS5, LS6 are all closed. 

(d) The table must be positioned in its proper 
starting position, that is, the location correspond 
ing to position No. 14 in the chart of Fig. 11. In 
such case, the switch TS (Fig. 10) will have 
been closed momentarily in advancing the table 
to such position and, assuming current to be 
available in the supply lines, the master timing 
contactor MTC will also have been momentarily 
energized (being connected across lines 6, 7 
through switch LS) and will have momentarily 
closed its contacts MITC. Closure of these con 
tacts Will have momentarily completed energizing 
circuits for the release coils of timing contactors 
Ti, T2 and T4. Thus, release Winding TC will 
have been connected across lines 6, through 
contacts MTC; release winding TC2 will have 
been connected across these lines through con 
tacts MTC and SWitch LS22; and release winding 
TC4 Will have been connected across the lines 
noted through contacts MTC and Switch LS42. 
Consequently, the interlock contactors Ti, T2 and 
T4 are unlatched preparatory to the first step of 
cycle in the program. 
Having preliminarily conditioned the machine 

for automatic operation through its first program 
as noted above, the Operator starts the various 
unit drive rinotorS 25 to 30 by momentarily closing 
the “start' push button switch A (Fig. 9). Such 
mcmentary closure of this push button SWitch 
energizes the main starting relay MS (through a 
Circuit 3-B-M-E-K-J-I-H-8-A- 
a 9-MS-6-B) So that this relay closes all 
of its eight normally open sets of contacts. Of 
these MS closes in shunt with the push button 
SWitch A So that the relay is sealed in, contacts 
2MS to MS connect the actuating windings of 
the respective motor contactors M to MI6 across 
the lines 6, so that these latter contactors 
are all pulled in and set their respective motors 
25 to 3 running, and contacts 8MS close to pre 
liminarily set up a portion of the energizing cir 
cuit for the indexing motor's contactors, though 
Such circuits are not completed at this time. 
With the unit drive motors thus running, and 
the machine preliminarily conditioned as de 
scribed, the pilot lamp will be lighted, ap 
prising the Operator of the fact that the machine 
is ready for institution of its programed auto 
matic Operation. 
To initiate the automatic operation of the ma 

chine, the operator momentarily closes the “cycle 
start' push button switch C, thereby energizing 
the automatic feed relay AF by connecting it 
across lines 5, f6 (through 5-LS6A-LS5 - 
LS4 - LS3f - LS2 - LS - C - AF-5T3 
2TS82-6). Thereupon, this relay momentarily 
closes its contacts (AF, whereby the “unit for 
ward' solenoids UF, UF2 and UF4 for units , 
2 and A are correspondingly momentarily ener 
gized. Thus, closure of these contacts AF con 
nects a Supply line 28 (which is connected to 

9 and thence back through MS, 8, H to M, 
and Bi to line 5) to a line 2. The “unit for 
ward' solenoids UF, U2, UF4 and UF5 are con 
nected between this line 2i and line 6 through 
their respective interlock contactor contacts T, 
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T2, T4, and T5. Of these latter contacts (Ti, 
T2 and T4 are closed, in the present instance, 
due to the energization of their respective release. 
coils as heretofore noted, so that momentary clo 
sure of contacts AF effects a resultant energiza 
tion of solenoids UF1, UF2 and UF4. 
As was heretofore pointed out, the momentary 

energization of the “unit forward” solenoid of 
any of the units throws its associated valve mech 
anism into a position to effect a rapid advance. 
of the unit. Accordingly, the energization of 
solenoids UF1, UF2 and UF4 causes the corre 
sponding units; f, 2 and 4 to start a rapid ap 
proach movement. As this movement progresses, 
the dogs 37 therefor (see Fig. 3) actuate the 
corresponding plungers 36 so that their valve 
mechanisms are shifted to a “feed position and 
the rate of advance of the units is diminished to 
a slow feed rate. During this slow feed advance 
of the units 1, 2 and 4, their tools operate. upon 
the work piece. At the conclusion of the ad 
vancing or feed movements of the units ?, 2 and 
4, the dogs 398 thereon trip their corresponding: 
“reverse' limit switches LS13, LS23 and LS43 
(Fig. 10), closing the same. Closure of these 
three switches serves respectively to connect the 
relays UTR?, UTR2, and UTR4 across the lines 
4-6, , thereby picking up, these relays. Each 
of these relays has two normally open contacts, 
the first of which serves to close an energizing 
circuit for the respective “unit reverse' Solenoid, 
and the other of which serves to complete an 
energizing circuit, for the main Winding of the 
corresponding interlock contact to latch it in. 
Thus, for example, closure of contacts. UTR 
connects the solenoid UR, across lines. 6, 7 
to energize it, and closure of contacts 2UTR 
connects winding TCM1 across lines, ii.6, ill 
to energize the latter winding and thereby latch 
in the interlock contactor T. In this Way, the 
reversing solenoids UR, UR2 and UR4 for the 
three operative units are actuated to shift the 
valve mechanism therefor to their rapid return 
positions and at the same time the interlock 
contactors Ti, T2 and T4 therefor are relatched 
for the interlocking purpose heretofore described. 
It will be understood that as soon as the units 
actually reverse, they release their switches 
LS;3, LS23 and LS43; so that the latter reopen 
and drop. out, the relays. UTR (, UTR2 and UTR4. 
That is as it should be, however, since these 
relays have already done their work at that time 
and the circuits are thus conditioned for Sub 
sequent operation. 
As each of the units , 2 and 4 finally reaches 

its initial or retracted position, it is stopped by 
engagement of its corresponding dog 38 With the 
valve plunger 36 which shifts the valve mech 
anism to its neutral or stop. position. At the same 
time, the dogs G2 of the respective units close 
their corresponding unit interlock Switches LS, 
IS2 and LS4. 
When all three of the units have been re 

stored in this manner to their initial positions, 
the series of switches LSil, ES2, ES3f, TS4, 
LS5, and LS6 will all have their main contacts 
closed (Fig. 9) and, furthermore, all of the 
interlock contactors T to T6 will be latched 
in. With the circuits in the latter condition, 
the index motor 40 for the table 7 is automatically 
started. In particular, its 'forward’ contactor 
IMF is connected across lines 5. f6 (through 
a circuit 5-LS6t-ES51-LSE-LS3f-ES2 
LSE - 22-62-2Ti-2E2-2T3-2T4 - 25 
2TG-IME - 6). Observe that the series of 
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contacts 2T. to 2T6. in the latter circuit makes, 
it imperative that all of the interlock contactors, 
T? to T6 be properly latched in, as heretofore. 
noted, before the circuit can be completed to 
start, the index motor, and that the inclusion, 
of the unit switches, makes it imperative that all. 
units be fully retracted. Such energization of 
the "forward” contactor IMF for the index motor 
49 picks up, its main contacts, which connect the 
motor to the supply lines for forward rotation 
of the motor, and in addition opens the con 
tactor's auxiliary contacts. IMF and closes the 
auxiliary contacts, 2EMF. The opening of the 
contacts. IMF prevents energization of the 
"reverse” contactor IMR when the plugging 
Switch 64 closes during the forward rotation of 
the index motor; the initial open condition of 
this plugging Switch having prevented previous 
energization of the “reverse' contactor IMR. 
As the table. 7 indexes, the switch LS12 is freed 

by its dog. 15. (see Eig. 5) and thereupon closes 
so that a circuit is completed through this switch 
and the contacts, 2IMF in shunt with the series 
of contacts. 2T1, to 2T6, with the result that the 
“forward” contactor. IMF is retained energized 
through this shunt circuit even though some of 
the interlock contactors are unlatched, as they 
are, in anticipation of the next step. in the 
program, 
Upon completion of the indexing movement of 

the table, 7, the switch. LS12 is engaged by its 
dog 75 and opens. This deemergizes the “for 
ward” contactor IMF, whereupon the contacts 
IIMF close. Accordingly, the "reverse' contactor 
EMR is energized, being connected between lines 
fi6 and 47 through BMS, IMF and the plugging 
switch 64. As soon as the index motor 40, starts 
to revolves in a reverse direction, however, the 
plugging Switch 64 opens automatically in the 
manner heretofore described, whereupon the 
“reverse' contactor IMR drops out and the index 
motor is at a standstill. 
In the course of the indexing of the table the 

circuits are preliminarily set up for the institu. 
tion of unit movement in the next step of the 
program. Before detailing this operation it 
should be noted that the first step of the program 
was initiated as described before by energiza 
tion of the relay AF. As will appear below, the 
subsequent steps in the program are initiated, 
not through this relay, but through the medium. 
of the relay MF. This shift from one intermer 
diate relay to the other is accomplished by the 
cam-operated switch LS82. As shown in the 
program chart of Fig. 11, the contacts. LS82 
of this switch are open during the first step. of 
the program and closed during the subsequent 
steps, while its contacts, 2LS82 are closed during 
the first step and open during the subsequent 
steps, being reclosed at completion of the pror 
gram. The contacts. LS82 connect in the relay 
MF and the alternatively closable contacts 2LS82 
connect in the other relay AF. Such a switch 
ing arraragement, that is, the alternate use of 
these relays AF and MF in the manner noted, 
introduces a, desirable safety feature in the sys 
tem, in that an inadvertent or inadvised closure 
of the “cycle start push button C. during the 
automatic operation of the machine cannot cause 
it to recycle, since the circuit of the relay. AF 
(in series with which the push button C is con 
nected) is retained open by the contacts 2LS82. 
At the completion of the program, however, the 
opening of contacts LS82. drops, out the relay 
MF and the closure of contacts 2ES32 restores 
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the relay AF to its initial condition in the system 
for the initiation of another program. When de 
sired. 
As to the particulars of the switching opera 

tions which take place automatically during the 
indexing of the table, it will be recalled that the 
can shaft 82 is indexed in unison with the table. 
Hence, the cam shaft is turned from its first to 
its second position during the first index of the 
table, whereupon cam-operated switches LS22 
and LS42, which are closed during the first Step 
of the program, are opened, as indicated in the 
program chart in Fig. 11. This is done since only 
unit f is scheduled to participate in the Sec 
ond step of the program. Furthermore, as the 
table indexes, the switch LS closes momen 
tarily, being actuated by its dog 8 (see Fig. 5) 
as before. The closure of the SWitch LS no 
mentarily energizes the master timing contactor 
MTC, but this time only the interlock contactor 
T. Will be released, since all of the cam-Oper 
ated switches controlling the other interlock 
contactors are now open. In this way, the Unit 
, which is the only one scheduled for the sec 
ond step in the program, is conditioned for oper 
ation. 
At the conclusion of the indexing of the table, 

the operation of unit is instituted for the sec 
ond step in the program. For this purpose the 
switch LST3 is closed momentarily by its dog 74 
(see Fig. 5) after shaft 44 has turned far enough 
to index the table and just before it has con 
pleted a full revolution. At the same time, if 
the locating pin 53 has been properly engaged 
with the table, the contacts 2L.S.5 of the dog 
operated Switch 2LS75 will also be closed. 
Thereupon, an energizing circuit for the master 
feed contactor MF (Fig. 9) is momentarily com 
pleted (through LST 3, 2LS75 and LS82). When 
this relay is thus picked up, it closes its four SetS 
of contacts IMF, 2MF, 3MF and 4MF. Of these, 
MF are relay contacts in Shurat With the SWitches 
LS3 and 2LSTs so that the relay MF will re 
main energized even though Switch LSI 3 re 
opens before the index shaft 44 completes a full 
revolution; contacts 3MF and 4MF are associ 
ated with the starting circuits for units 3 and 6, 
and hence perform no useful function during the 
second step in the program in which these par 
ticular units are not included; and contacts 
2MF complete an energizing circuit for the “unit 
forward’ Solenoid UF for unit . 
The operation of unit f having been instituted 

in this manner it proceeds to execute its cycle 
of movement in the Same manner heretofore de 
scribed. As Soon as the unit starts forward it 
releases its SWitch LS So that contacts LS 
of the latter open and drop out the relay MF. 
When unit reaches its forward limit of move 
ment, its interlock contactor T is relatched in 
the same manner heretofore described in the 
first step of the program, and at the completion 
Of the cycle of unit movement the unit is stopped 
by dog-operation of its valve mechanism and its 
unit Switch LSlf is reclosed, whereby to com 
plete a starting circuit for the indexing motor 
40. Then this latter motor indexes the table 
through its next step of movement and it is 
automatically stopped in the manner previously 
described; and during this indexing motion the 
SWitching System is conditioned for the next suc 
ceeding step in the program. 
The machine proceeds automatically to exe 

cute the Subsequent steps in the program in 
Substantially the same manner with an indexing 
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advance of the table between each step. The 
program chart in Fig. 11 indicates the units, in 
addition to the unit , which participate in each 
particular step, the unit being omitted from 
the chart, since it is included in all steps in the 
first program. In particular, the units and 2 
participate in the third step of the program, the 
unit alone in the fourth step, the units and 
2 in the fifth step, the unit alone in the sixth 
step, the units and 2 in the seventh step, the 
unit alone in the eighth step, the units and 
2 in the ninth step, the unit f alone in the tenth 
step, the units and 2 in the eleventh step, the 
unit alone in the twelfth step, the units and 
2 in the thirteenth step, and the unit alone in 
the fourteenth step. 
At the conclusion of the fourteenth step, the 

unit is, of course, retracted to its initial posi 
tion and the table automatically indexed to its 
first or initial position to complete a full revo 
lution. During this last index step of the table, 
the cam-operated Switch LS82 is thrown so that 
its contacts LS82 are opened and its contacts 
2LS82 closed (see chart in Fig. 11). Conse 
quently, the relay MF is dropped out, thereby 
preventing inadvertent recycling of the machine, 
and the closing of the contacts 2LS82 lights the 
pilot lamp f and conditions the circuit of the 
relay AF for subsequent completion by closure 
Of the push button Switch. C to institute another 
complete program, when desired. It will thus 
be seen that the machine comes to rest with all 
of its control devices in their initial condition. 
The same program described above can be re 

peated on another work piece in the same man 
ner described, if desired, or the machine can be 
run through its second program to operate on 
the same or a different work piece. 
To condition the machine for the second pro 

gram, the operator has only to shift the lever 
9 (Fig. 6) to the right so as to bring into play 
the alternative set of Switch operating cams 84. 
Having thus conditioned the machine for oper 
ation through its Second program, the automatic 
operation is instituted as before simply by a mo 
mentary closure of the “cycle start' push button 
SWitch C (Fig. 9). Thereupon, the machine will 
proceed to operate through the second program, 
outlined in the chart constituting Fig. 11, in sub 
stantially the same manner as for the first pro 
gram, except for the last step. In particular, 
during the second program the units 1, 2 and 4 
participate in the first step, the unit alone in 
the Second step, the units 1, 2, 3 and 5 in the 
third step, the unit f alone in the fourth step, 
the units , 2 and 3 in the fifth step, unit 
alone in the sixth step, the units 1, 2 and 3 in 
the seventh step, the unit alone in the eighth 
step, the units 1, 2 and 3 in the ninth step, the 
unit alone in the tenth step, the units , 2, 3 
and 6 in the eleventh step, the unit f alone in 
the twelfth step, the units , 2, 3 and 6 in the 
thirteenth step and the unit alone in the four 
teenth step. 

After the Operation of unit is completed in 
the fourteenth step of the second program, as 
noted above, the table 7 is indexed automatically 
to its initial or starting position. As in the case 
of the first program, the switch. LS8 is actuated 
So that the relay MF is dropped out and the relay 
AF conditioned to start a new program. In the 
case of the second program, however, it is desired 
to have the unit 3 operate on the work piece after 
the table has thus been returned to its initial or 
starting position. Such operation poses a diffi 
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culty, since the relay MF, which normally effects 
operation of the units in the steps after the first 
step in a program, has been dropped out and must 
be dropped out to prevent inadvertent recycling. 
It is to overcome this difficulty, and make possible 
the operation of a unit after the table has been 
indexed a full revolution, that the cam-operated 
switch LS83 is utilized. Upon reference to the 
program chart Fig. 11; it will be seen that this 
latter switch is closed only during the second 
program and then only when the table is in its 
starting or No. 14 position. 

Closure of the switch LS83 (Fig. 9), sets up an 
energizing circuit for the “unit forward' sole 
noid UF3 for the unit 3, which is independent of 
the contacts of the relay MF. In particular, the 
solenoid UF3 is connected from the supply line 
f6, through the interlock contactor contacts T3 

(this contactor having been unlatched during the 
preceding indexing step of the table) and thence 
through switch. LS83, switch contacts 2LS5 and 
switch LS3 to the line 7. 
that the switch contacts 2L.S.5. are closed only 
when the locating pin 53 is properly engaged with 
the table, thereby indicating that the table is 
properly positioned and that switch LS73 is mo 
mentarily closed by the table indexing or drive 
mechanism's shaft 44 to normally institute op 
eration of a selected unit or units. At the com 
pletion of the forward movement of the unit 
which results from the energization of its “unit 
forward' solenoid UF3, the interlock contactor 
F3 is unlatched, in the manner heretofore de 
scribed, so that its contactors T3 open and de 
energize the Solenoid UF3, in addition to ener 
gizing the reversing relay UTR3 (Fig. 10) in the 
manner heretofore described. At the completion 
of the retraction movement for unit. 3, the dog 
operation of its valve mechanism stops the same 
and the machine is thus at restin its initial con 
dition. 

Attention should be given at this point to the 
arrangement by means of which it is possible to 
cause the unit 3 to operate, as described just 
above, When the table returns to its final or ini 
tial position, and yet participation of unit 3 in 
the first step of the second program is prevented. 
In other Words, the second program presents this 
dilemma: Only units f, 2 and 4 are to participate 
in the first step of this program, when the table 
is in its initial position, and yet during the sec 
ond time that the table is again in this initial po 
sition (i. e., at the end of the program) only the 
unt 3 is operated. It was pointed out above that 
the relay MF is dropped out and the switch LS83 
used to condition for operation the Unit or units 
(in the present instance only the unit 3) which 
are to operate when the table is in its initial po 
sition for the second time. Upon the institution 
of the second program of operation, the unit 3 
is excluded from participation by virtue of the 
fact that this first step-of the program is initiated 
through the medium of the relay, AF, and the 
contacts AF of this relay do not set up a circuit 
for the “unit, forward.' Solenoid UF3 for hit 3 ( 
(Fig. 9). 

It will be observed upon reference to Fig. 9 
that the interlock.contactor T3 for unit 3 has an 
extra pair of contacts 5T3 in series with the lamp 
if and 'cycle start' switch C. These contacts 
are open when the contactor T3 is unlatched and, 
hence, disable the machine against institution of 
a new cycle, by closure of the switch C while unit 
3 is moving forwardly during its special operation 
at the end of the second program. 

It will be recalled 
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The machine can be stopped at will during 

either of the foregoing programs of automatic 
operation simply by momentarily opening the 
“stop' push button switch B. (Fig. 9). This 
switch is normally closed and is interposed in the 
control supply line 6. Since, all of the con 
tactors, relays and solenoids are supplied 
through this line 6, opening of it. will drop all 
of them out, thereby stopping. all of the motors 
25 to 30 and 40. The propulsion mechanisms for 
the various units. Will stop, irrespective of the-po 
sitions of their control Valves, since the motors 
25 to 33 supply pressure fluid for them. 

In the foregoing, description of automatic Op 
eration, it was assumed that the various units 
properly. executed their corresponding cycles so 
that the interlock mechanisms were not com 
pelled to interrupt the operation. It will be ap 
preciated, however, that if any of the units had 
failed to move forward fully, their, interlock.con 
tactors.T. to T6 would have failed to be latched 
in, and consequently one of the Series of coatacts 
2T? to 2T6 would have been open, thereby pre 
venting... the next; indexing steps of the table. 
Upon such a failure of the table to index, the op 
erator. should close.the push button Switch. N. (Fig. 
10) and the pilot lamps. 3, would thereupon in 
dicate which one of the units was at fault. Sim 
ilarly, if any of the units. fail fully, to retract, the 
main contacts, of the corresponding. oiae of the 
series of switches.I.Sf, LS2A, LS3, LS3 , LS5f, 
IS3 would be open so that, again, the table 
would not index. In such event, the operator 
should close the push, button switch O (Fig. 9) 
whereupon the pilot lamps 3 Will indicate which 
one of the units is at fault. 

Finally, if any of the units should start forward 
before the table T is properly positioned, the clo 
sure of one or the other of the switches LS 4 or 
LS35 would cause an emergency retraction of all 
of the units. It Will be recalled that these lat 
ter switches are closed, respectively, by the cor 
responding dogs on units and 3 and that one 
or, the other of these units, participates in each 
Step of both programs. These Switches (Fig. 9) 
are connected in series, with the switch contacts 
LS5 which, it will be recalled, are closed when 

ever the table is not positioned by its locating 
pin 53 in One of its proper index positions. Ac 
cordingly, if switch TS 4 or LS35 is closed coin 
cidentally with contacts LS75, the “emergency 
retract' relay. ER will be connected across lines 

6, f l and energized. This relay has contacts 
?ER, 2ER, 3ER, AER, 5ER, 6ER. (Fig. 10) con 
nected in series with respective.ones of the “unit 
reverse' solenoids URf to UR6. Consequently, 
energization of the relay. ER, causes all of these 
reversing Solenoids to be energized, whereupon 
the Units are each set for reverse operation as 
heretofore noted. The provision of this safety 
interlock for retracting the units under the con 
ditions noted is especially desirable here, since 
to Speed up machine. operation the Switch LS73 
for instituting unit forward motion is, as here 
tofore noted, closed momentarily after the table 
has indexed but before the index mechanism has 
actually stopped. Hence, no danger can arise 
even if the index drive mechanism should in 
advertently Overrun, and shift the table after the 
units had started, for the latter would be re 
tracted by the action of switches LS 4 and LS35, 
just described. In this connection it will be ob 
served that only about one hundred and twenty 
degrees of the rotation of the index shaft 44 is 
used in indexing the table and the remaining two 
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hundred and forty degrees of each revolution of 
this shaft used to operate switches. Though this 
is convenient, especially with a large number of 
switches, it does make desirable an interlock of 
the type just noted. 
The “emergency retract' relay ER can also be 

energized at will by manual closure of the push 
button switch F. (Fig. 9). Such energization of 
this relay always causes emergency retraction of 
all of the units in the manner just described 
above in connection with their automatic re 
traction under the control of Switches LS4 and 
LS35. 

Hand feed operation of machine 
The 'hand feed’ operation of the machine is 

of a type which may be termed semi-automatic 
in character, and is used to effect a repetition of 
the operation of the units in a desired step of 
the program. Such a control is, of course, espe 
cially useful in the "set-up' of the machine for 
a new type of work piece. In using this so-called 
'hand feed' the table must have been indexed to 
the desired position by the “automatic cycle' 
operation of the machine and then stopped by 
SWitch B (rather than having been positioned by 
use of the "hand index' control) so that the 
unit-selection portion of the circuit will be prop 
erly set up for the selected table position. With 
the master controller lever 22 (Fig. 2) thrown to 
its “hand feed’ position, the machine is condi 
tioned so that a momentary closure of the "hand 
feed' push button D will cause those units to 
execute their automatic cycles of operation which 
are programmed for operation in the particular 
position in which the table has been located 
by interrupting an automatic cycle of operation 
at a desired point. Thus, if the table has been 
shifted as noted into its No. 3 position (chart 
Fig. 11) for the first program, units and 2 will 
be conditioned to execute their cycles of move 
ment upon closing the “hand feed' switch D, but 
at the completion of the same no indexing of the 
table will take place, as contrasted with the op 
eration heretofore described during automatic 
programing. This "hand feed' style of control 
can be used for any position of the table except 
its first or initial position, the circuits being such 
as to exclude operation of the units by the Switch 
D when the table is in that position. 
When the master controller is thrown to “hand 

feed' position its contacts C remain closed just 
as in the “automatic cycle' position, but its con 
tacts C2 are opened and its contacts C3 closed 
(Fig. 12). The contacts Ci are retained closed 
So that closure of the 'main start’ SWitch. A Will 
start all of the unit motors 25 to 30 just as be 
fore (Fig. 9). The controller contacts C2 are 
opened to cut the index motor 40 out of service; 
and the controller contacts C3 are closed to put 
the “hand feed’ SWitch in Service. 
Upon reference to Fig. 9 it will be observed that 

the SWitch. D is connected in a branch circuit be 
tween the master feed relay MF and line 5, 
which branch circuit includes a group of inter 
lock contactor contacts 4T to 4T6 (all in parallel 
with each other) the master controller contacts 
C3 and the series of unit limit switches T.S. , 
IS2s, etc. This branch circuit is, in effect, in 
shunt, With the Switch LS3 that was used in the 
“automatic cycle' operation to energize the relay 
MF to institute unit movement in all steps of the 
automatic program except the first. Accordingly, 
momentary closure of the push button Switch D, 
during the “hand feed' operation is used, instead 

0. 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

24 
of LS73, to pick up the relay MF. It will thus be 
clear that whenever the switch. D is momentarily 
closed the relay. MF will pick up, Seal itself in, 
and cause energization of the "unit for Ward' 
Solenoids for the units (preselected by the un 
latching of their contactors T to T6 as the table 
shifted into the position which it happens to 
occupy). Thereafter these units automatically 
execute their individual cycles just as before. Re 
cycling is prevented since the relay MF drops Out 
as soon as one of the units starts forward and 
opens its corresponding one of the Series of 
switches LS , LS2, etc. The index motor has 
been cut out of Service by opening of the con 
troller contacts C2 as heretofore noted, So When 
the units come back to their initial position they 
remain there and nothing further happens until 
the operator again presses the Switch D, where 
upon the same units will again repeat their same 
cycles of movement. This can be done over and 
over again in adjusting them for some particular 
step in the program. 

Individual unit feed Operation. 
When the master controller is shifted to its 

third or “unit feed' position, the various units 
can be operated individually with manual control 
thereof. In this position of the controller only 
its contacts C4 are closed (FigS. 9 and 12). These 
contacts connect line 5, through the interlock 
Switch L.S., to a group of push button Switches 
H to M corresponding, respectively, to the several 
units to 6. Accordingly, closing any one of these 
SWitches picks up its corresponding motor con 
tactor M. to M5 and starts the one of the motors 
25 to 3 for the associated unit. The motor can, 
of course, be stopped at any time by reopening 
the corresponding one of the push button Switches 
H to M. 
When the motor of a desired one of the units 

has been started as described above, the hydraulic 
propulsion mechanism of the unit can be con 
trolled by the hand lever 34 (Fig. 3) on its valve 
mechanism to move the unit to and fro as desired. 
Since, as heretofore noted, the switch LSi is only 
closed when the table is properly positioned in 
one of its several index positions, such manually 
controlled operation of the units can only be 
utilized when the table is safely and properly 
positioned. 

Hdid indec 

The 'hand index' operation of the present man 
chine is arranged to make possible indexing of 
the table without operating any of the units 
to 6. Preferably, the arrangement is such that 
the institution of hand indexing serves automati 
cally, as below described, to cut out of service 
the programing controls for the various units, and 
in the present instance, this is accomplished by 
automatically unlatching all of the interlock con 
tactors T to T8. This disabling of the program 
controls during the “hand index' operation makes 
it possible to use the “unit feed’ control freely in 
various positions of the table to which it is hand 
indexed, and as the Units are moved by “unit 
feed,’ any resultant operation of the limit 
switches, etc., will not disorganize the set-up for 
late “automatic cycle' Operation. One result of 
the unlatching of the interlock contactors T to 
T6 by the “hand index' operation is, however, 
that all of their contacts 4Tf to 4T6, in series with 
the “hand feed’ Switch. D are opened (Fig. 9). So 
that the latter SWitch is disabled. It is for this 
reason, as heretofore noted, that for a “hand feed' 
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operation the table must be moved to a desired 
position by the use of the “automatic cycle' con 
trols and not by the use of the “hand index' con 
trols. 
Although the “hand index' operation of the 

machine does result in unlatching all of the inter 
lock contactors T to T6, thereby disabling the 
program system, provision is made for restoring. 
the program controls to their proper condition for 
institution of a program of automatic Operation 
When the table is indexed into what is its initial 
position for such a program. In particular, the 
automatic timing contactor or relay ATC (Fig. 
10) is arranged in a manner detailed below to be 
cut into service during hand indexing, when the 
table is indexed from its next to last position to 
its initial position, and this contactor ATC Serves 
to latch in the ones of the interlock contactors 
T to T6 which correspond to the non-participat 
ing units for the first step of the program. Conse 
quently, the machine comes to rest after the hand 
indexing with the table in its initial position and 
with the interlock contactors for only the units 
which are to participate in the first step of the 
program unlatched. 
Turning now to the details of the circuits uti 

lized during “hand indexing' operation (Figs. 
9 and 10), the naster controller is shifted to its 
“hand indexing' position, thereby closing con 
tacts C5, C6 and C and opening contacts C to 
*C. (see Fig. 12). Upon reference to Fig. 9 it will 
-be seen that the contacts C5 and C5 are inter 
posed in the circuit of the “forward' contactor 
-five of the index motor 40, and upon reference 
to Fig. 10 that the controller contacts C are 
included in the circuit of the hand index relay HI. 
Upon closure of the 'hand index' push button 
Switch E (Fig. 10), the relay HI is energized 
through contacts LS8 of the switch LS8. When 
the relay HI thus picks up, it closes its contacts.' 
HI (Fig. 9) to energize the index motor contactor 
EMF and also closes its contacts 2HI to HI (Fig. 
10) to energize the release windings TC to TCS 
of the interlock contactors T to T6, the latter 
being connected between line f-f 6 and a line 2. 
The interlock contactors are thus all released to 
disable the program controls, and the index motor 
it is energized for rotation in a forward direction. 
he index motor is retained energized in this 

'manner so long as the switch E is held closed, so 
that the table is rotatably indexed step by step. 
Finally, when the table reaches its position No. 13 
(chart Fig. 11) the Switch IS8 is shifted so that 
its contacts TS8 opera and its contacts. 2LS8. 
close. Such shifting of the switch LS8 drops out 
the relay HI and picks up the contactor or relay 
ATC. Energization of this latter contactor causes 
it to close its contacts ATC (Fig.9) in shunt With 
the contacts HI to retain the index motor 4 
energized and to close its contacts 2ATC, 3ATC 
and 4ATC for energizing, respectively, the main 
windings TCM3, TCM5, and TCMS of the inter 
lock contactors TC3, TC5 and TC6 to latch the 
atter in. Consequently, when the table reaches 

its No. 14, or initial, position, the interlock con 
tactors T to T3 will be set-up as they should be 
for Subsequent institution of an automatic cycle. 
In other Words, only the contactors for the units 
A, 2 and 4, which are scheduled to participate in 
the first step of the program, are unlatched. 

F'On the foregoing it will be clear that the 
table can be revolved as many times as desired 
with the use of the “hand index' control, but that 
whenever it is located in what is its initial posi 
tion for the automatic cycle, the program control. 
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portion of the circuits will be properly conditioned 
for institution of the latter type of operation. 

I claim as my invention: 
1. In a multiple station machine of the charac 

terset forth, the combination with indexible Work 
positioning means, a plurality of tool units recip 
rocable toward and from the Work, and a control 
system including a programing mechanism gov 
cerning the operation of Said units Selectively in 
successive operating cycles in timed relation to 
the advance of the Work by said positioning 
means, said positioning means including an actu 
rator, and said control System further including a 
spair of control devices for each of said units, one 
operative to detect the advance of the unit into 
engagement with the Work and the other to detect 
its retraction from the work, the control devices 
of the several units coacting With Said programing 
imechanism to prevent operation of said actuator 
in the event of failure of performance of any of 
the units preselected for operation by the pro 
graming mechanism in the preceding cycle. 

2. A machine tool comprising, in combination, 
a work Support and a tool Support, first power 
actuated means for indexing one of said Supports 
and a second power actuated means for 'effecting 
a cyclic relative movement between Said SupportS 
including advance and retraction of Said Supports 
relative to each other, first and second Switches, 
means for closing said first SWitch in response to 
completion of a predetermined relative advance 
of Said Supports by Said second power actuated 
means, means for closing said Second SWitch in 
response to completion of a predetermined rela 
tive retraction of said supports by said second 
power actuated means, a control circuit including 
‘both of said Switches, and means for automati 
cally instituting indexing of said one support by 
said first power actuated means in response to 
completion of said control circuit by closure of 
both of Said SWitches. 

3. A machine tool contiprising, in combination, 
a Work Support and a tool Support; a first power 
actuated means for indexing one of said supports 
and a second power actuated means for effecting 
a cyclic relative movement between said supports 
including advance and retraction of said Supports 
relative to each other; an interlock contactor 
having a nain Wirading, an arrnature shiftable in 
response to energization of Said main Winding, 
neans for mechanically latching Said armature 
in the position to which it is shifted in response 
to energization of Said main Winding, a release 
winding operable upon energization thereof to 
release said latch, and means for normally urging 
said armature out of latched position; control 
means for initially energizing said release Wind 
ing to unlatch said armature; means responsive 
to the completion of a predetermined relative 
advance of said Supports toward each other for 
moneritarily energizing said main Winding to 
relatch said armature; means operable in re 
Sponse to completion of a predetermined relative 
retracting novement of Said Supports to initiate 
operation of said first power actuated means to 
index said one support; and means for preventing 
operation of the last-mentioned means except 
When said armature is in its latched position. 

'4. A machine tool comprising, in combination, 
a work Support and a tool Support; a first power 
actuated means for indexing One of Said Supports 
and a second power actuated means for effecting 
a cyclic relative movement between said Supports 
including advance and retraction of said supports 
with relation to each other; an interlock contactor 
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having a main winding, an armature shiftable 
in response to energization of said main Winding, 
means for mechanically latching said armature 
in the position to which it is shifted in response 
to energization of said main winding, a release 
Winding operable upon energization thereto to 
release said latch, and means for normally urging 
said armature out of latched position; control 
means for initially energizing said release Winding 
to unlatch said armature; means responsive to 
the completion of a predetermined relative ad 
vance of said supports toward each other for 
momentarily energizing said main Winding to 
relatch said armature; a control Switch and means 
for closing the same in response to completion 
of a predetermined relative retracting movement 
of said supports; and means operable to initiate 
operation of said first power actuated means only 
when the said switch is closed and said armature 
in latched position. 

5. A machine tool comprising, in combination, 
a work support, a first power actuated work in 
dexing means, a plurality of tool supports, a Sec 
ond power actuated means for moving said tool 
supports individually in cycles of movement 
therefor from retracted initial positions to Ward 
the Work support and back to Such initial posi 
tions, a manually operable Starting device, pro 
gram control means for causing said first power 
actuated means to index Said work step-by-step 
through a predetermined series of steps With a 
dwell between successive steps and for causing 
said Second power actuated means to move pre 
determined ones of said tool supports through 
their individual cycles of movement during each 
dwell of the Work, all in response to a single ini 
tial actuation of said starting device, an electrical 
Control circuit for Said first power actuated 
means, said first power actuated means being 
operable Only upon a completion of said control 
circuit, a plurality of normally open switches in 
terposed in Said control Circuit, one for each tool 
support, means for closing Said switches when the 
corresponding tool supports are in their initial 
positions, a second series of SWitches interposed in 
Said control circuit, one for each tool support, 
means operable automatically during each index 
ing Step of said Work for opening only those ones 
of said second series of switches which correspond 
to the tool supports that are scheduled to par 
ticipate in the next succeeding operation, and 
means Operable automatically in response to com 
pletion of the advancing movement of the par 
ticipating tool supports for closing their corre 
Sponding ones of said Second series of switches. 

6. A machine tool comprising, in combination, 
a Work Support, a first power actuated work in 
dexing means, a plurality of tool supports, second 
pOWer actuated means for moving said tool Sup 
ports individually in cycles of movement therefor 
from retracted initial positions toward the work 
Support and back to Such initial positions, a man 
ually operable starting device, program control 
means for causing said first power actuated 
means to index said work step-by-step through 
a predetermined series of steps with a dwell be 
tween successive steps and for causing said sec 
Ond power actuated means to move predeter 
mined ones of said tool supports through their 
individual cycles of movement during each dwell 
of the Work, all in response to a single actuation 
of said Starting device, an electrical control cir 
cuit for said first power actuated means, said first 
power actuated means being operable upon the 
completion of said control circuit, a plurality of 
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interlock contactors, one for each tool support, 
each of said contactors including a main Wind 
ing, an armature shiftable in response to ener 
gization of said main winding, means for me 
chanically latching said armature in the position 
to which it is shifted in response to energization 
of said main Winding, a release Winding Operable 
upon energization thereof to release said latch, 
means for momentarily urging said armature out 
of its latched position, means operable automati 
cally during each index of said work for momen 
tarily energizing the release windings of the in 
terlock contactors of only those tool Supports 
Scheduled for operation during the next Stic 
ceeding dwell of said Work, means responsive to 
the completion of predetermined advancing 
movements of said tool supports for relatching 
the armatures of their respective interlock con 
tactors, and means for preventing institution of 
the next step of indexing of Said Work until all 
of said contactor armatures have been latched. 

7. A machine tool comprising, in combination, 
a work support, a first power actuated Work in 
dexing means, a plurality of tool supportS, second 
power actuated means for moving said tool Sup 
ports individually in cycles of movement from re 
tracted initial positions therefor to Ward the Work 
support and back to such initial positions, a man 
ually operable starting device, program control 
means for causing said first power actuated 
means to index said work step-by-step through 
a predetermined series of steps With a dwell be 
tween successive steps and for causing said sec 
ond power actuated means to move predeter 
mined ones of said tool supports through their 
individual cycles of movement during each dwell 
of the work, all in response to a single actuation 
of said starting device, an electrical control cir 
cuit for said first power actuated means, said 
first, power actuated means being operable only 
upon completion of said control circuit, a plu 
rality of interlock contactors, one for each tool 
support, each of said contactors including a main 
Winding, an arnature shiftable in response to en 
ergization of said main winding, means for me 
chanically latching said armature in the position 
to which it is shifted in response to energization 
of said main winding, a release winding operable 
upon energization thereof to release said latch, 
and means for normally urging Saidarnature out 
of latched position, means operable automatically 
during each index of said work for momentarily 
energizing the release windings of the interlock 
contactors of only those tool supports scheduled 
for operation during the next succeeding dwell, 
means responsive to the completion of predeter 
mined advancing movements of said tool supports 
for relatching the armatures of their respective 
interlock contactors, a series of control SWitches 
associated With respective ones of said tool Sup 
ports and arranged to be closed by them only 
when the tool Supports are in their initial posi 
tions, and means for initiating the next succeed 
ing step of indexing of said work in response to 
closure of all of said switches plus latching of all 
of Said contactor armatures. 

8. In a machine tool, the combination of a work 
support and a tool Support, means for indexing 
the work relative to the tool support, power ac 
tuated means for effecting a cycle of relative ad 
vancing and retracting movement between said 
supports, and means for causing Said power ac 
tuated means to interrupt said cycle and effect 
automatically an emergency relative retraction 
movement between said supports upon the in 
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stitution of a relative advance movement thereof 
when the work is not precisely located in one of 
its index positions. 

9. In a machine tool, the combination of a Work 
support and a tool support, means for indexing 
:the work with a step-by-step-motion into a 'Slic 
:cession of predetermined index positions, a locat 
ing device movable into and out of a predeter 
mined position and movable into such position 
only when the work is located precisely in one of 
its index positions, power actuated means for 
effecting a cycle of relative advancing and re 
tracting movement between said supports, and 
Imeans for causing said power actuated means to 
interrupt said cycle and effect an emergency 
relative retraction movement between said Sup 
ports upon the institution of a relative advancing 
movement when said locating device is not in Said 
predetermined position therefor. 

10. In a machine tool, the combination of a 
work support and a tool support, means for in 
dexing the work relative to said tool support, 
power actuated means for effecting a cycle or 
relative advancing and retracting movement be 
tween said supports, a first switch and means for 
closing the same only when the work is not in one 
of its index positions, a second Switch and means 
for closing the same momentarily in the initial 
portion of each relative advance of Said supports 
by said power actuated means, and means oper 
able in response to a simultaneous. closure of Said 
first and second switches for interrupting said 
cycle and causing said power actuated means to 
effect automatically an emergency relative re 
traction movement of said SupportS. 

11. In a machine tool, the combination of an 
indexible work positioning mechanism and a tool 
supporting mechanism, power actuated means...for 
'effecting a cycle of relative advancing and re 
tracting movement between said tool supporting 
mechanism and the work positioned by said work 
positioning mechanism, and means for causing 
said power actuated means to interrupt said cycle 
and effect automatically an emergency relative 
'retraction between said tool supporting mech 
anism and the work upon the institution of a 
relative advance movement thereof when the work 
is not properly located by said work positioning 
mechanism. 

12. A machine tool comprising, in combination, 
a plurality of individually movable machine tool 
elements, a cerresponding plurality of individual 
power actuating mechanisms therefor, manual 
controls for said mechanisms, a unified control 
system inter-connecting said mechanisms for 
effecting a cyclic operation of said elements in 
predetermined timed relation to each other, a 
plurality of selectors, one for each power-actuat 
ing mechanism, and operable to condition the 
associated mechanism alternatively for operation 
-either by manual control thereof or under the 
control of said unified control system, and means 
operable in response to the shifting of any one 
of said selectors to its manual control position 
for interrupting the cyclic operation of all of 
the mechanisms by said unified control system. 

13. A machine tool comprising, in combination, 
;relatively movable work and tool-supports, power 
actuated means for effecting an alternative ad 
vancing and retracting movement between said. 
supports, a manually operable starting device, first 
and second relays, means roperable in response to 
actuation of said starting device for momentarily 
energizing said first relay, means Operable in re 
sponse to energization of said first relay for in 
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stituting operation of said power actuated means, 
means operable in response to the initiation of 
operation of said power actuated means for dis 
abling said first relay and for rendering said Sec 
ond relay operative, means operable in timed re 
lation with the relative movements of said Sup 
ports for periodically energizing said second re 
lay, means responsive to energization of said Sec 
ond relay for initiating operation of said power 
actuated means, and means responsive to the 
'completion of a predetermined Series of Opera 
tions of said power actuated means for disabling 
said second relay and for rendering said first 
relay operative again, whereby inadvertent re 
cycling of the machine is prevented as Well as 
inadvertent restarting during the course of a 
Cycle. 

14. A machine tool comprising, in combination, 
relatively movable work and tool supports, power 
actuated means for effecting a relative advancing 
and retracting movement between said supports, 
a manually operable starting device, first and 
second relays, means including a tWO-position 
-switch for alternatively rendering one of said re 
lays operative and the other inoperative in the 
respective first and Second positions of Said 
switch, said switch being momentarily disposed 
in the first position thereof and in Which said first 
relay is operative and said second relay inopera 
tive, means operable in response to actuation of 
said starting device for normally energizing Said 
second relay, means operable in response to ener 
gization of said first relay for instituting opera 
tion of said power actuated means, means oper 
able in response to the initiation of Operation of 
said power actuated means for shifting said 
switch from its first to its second position, where 
by to disable said first relay and render said sec 
ond relay operative, means operable in timed 
relation with the relative movements of said 
suppoits for periodically energizing Said second 
relay under the control of said switch, means re 
sponsive to energization of said Second relay for 
initiating operation of Said power actuated 
means, and means operable upon the completion 
of a predetermined series of operations of said 
power actuated means for shifting said switch 
from its second to its first position, whereby to 
again disable said second relay and restore Said 
first relay to operative condition. 

15. A machine tool comprising, in combination, 
an indexible work positioning mechanism and a 
plurality of tool supports reciprocable toward and 
away from the work positioned by said mecha 
nism, power actuated means for indexing said 
work positioning mechanism with a step-by-step 
motion and with a dwell after each step, propul 
ision mechanisms for causing said tool -supports 
Ito execute individual cycles of reciprocation from 
respective retracted initial positions therefor to 
Ward the Work, and back to said initial positions, 
individual controls corresponding to the several 
-worksupports for causing respective ones thereof 
to execute their respective cycles of movement, 
means including a plurality of optionally available 
program cams driven in timed relation with the 
indexing of said work; positioning mechanism for 
actuating the controls of preselected various ones 
of said tool supports to effect operation thereof 
during successive dwells of said work positioning 
mechanism, whereby to effect operation of said 
tool supports in accordance with a program cor 
Irelated with the indexing of said work:positioning 
mechanism, each of said cans being adapted to 
effect a different program, and selector means for 
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rendering a desired one of said cams operative 
to actuate said controls. 

16. A machine tool comprising, in combination, 
an indexible work positioning mechanism and a 
plurality of tool supports reciprocable toward and 
away from the work positioned by said mecha 
nism, power actuated means for indexing said 
work positioning mechanism with a step-by-step 
motion and with a dwell after each step, means 
including a manually operable starting device for 
initiating operation of Said power actuated means, 
means for automatically stopping said power 
actuated means at the end of a predetermined 
series of indexing steps for the Work positioning 
mechanism, propulsion mechanisms for causing 
said tool supports to execute individual cycles of 
reciprocation from retracted initial positions 
therefor toward the work and back to said initial 
positions, individual controls corresponding to the 
Several Work supports for causing respective OneS 
thereof to execute said Cycles of movement, Iileans 
including a plurality of optionally available 
program cams driven in timed relation With the 
indexing of said work positioning mechanism for 
actuating the controls of preselected various ones 
of said tool supports to effect the operation there 
of during successive dwells of Said Work supports, 
whereby to effect the operation of said tool Sup 
ports in accordance with a program correlated 
with the indexing of said Work positioning mech 
anism, each of said cams being adapted to effect 
a different program, and Selector means for ren 
dering a desired one of said cans operative to 
actuate Said controls. - 

17. A machine tool comprising, in combination, 
an indexible Work positioning mechanism and a 
plurality of tool supports reciprocating toward 
and away from the work, power actuated means 
for indexing said work positioning mechanism 
With a step-by-step motion and With a dwell after 
each step, propulsion mechanisms for causing 
said supports to execute individual cycles of 
reciprocation therefor from respective initial re 
tracted positions toward the Work and back to 
said initial positions, means including a plurality 
of Switches, one for each tool support, for condi 
tioning the propulsion mechanisms of the corre 
sponding tool supports for operation upon the 
actuation of Such switches, means including a 
plurality of optionally available program cams 
driven in timed relation with the indexing of said 
work positioning mechanism for actuating said 
switches, and selector means for rendering a de 
sired one of said cams operative to actuate said 
SWitches. 

18. A machine tool comprising, in combination, 
a plurality of relatively movable machine tool ele 
ments, a corresponding plurality of power actu 
ated means for moving respective Ones of Said 
elements, a movable actuator driven in timed 
relation with the movement of one of Said ele 
ments, a plurality of control means, one for each 
of the remainder of said elements, operable When 
actuated to cause the power actuated means of 
the corresponding element to move such element 
through a predetermined cycle of movement, 
means including a plurality of optionally avail 
able program cans driven by said actuator for 
actuating said controls to effect the operation of 
said remaining elements in timed relation. With 
said one element in a program of operation deter 
mined by the particular cam utilized, and selector 
means for rendering a desired one of Said Cains 
operative to actuate said controls. 
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19. A machine tool comprising, in combination, 

a plurality of relatively movable machine tool 
elements, a corresponding plurality of power 
actuated means for moving respective Ones of 
said elements, a plurality of selectively available 
program cams, selector means for conditioning a 
desired one of said cams for operation, means for 
moving at least the cam rendered operative by 
said selector means in timed relation with the 
movement of one of said elements, and control 
means actuated by the one of said cams rendered 
operative by Said selector means for initiating the 
operation of the Various power actuated means 
for the remainder of said elements in accordance 
With a predetermined program. 

20. A machine tool comprising, in combinatioi), 
a plurality of relatively movable machine tool 
elements, a corresponding plurality of power 
actuated means for moving said elements through 
individual cycles of movement therefor, control 
means for conditioning said power actuated 
means to cause their respective elements to exe 
cute Said cycles thereof, said control means 
including a plurality of SWitches, one for each of 
a plurality of said elements, and said switches 
being operable upon actuation thereof to condi 
tion the control means for initiation of the opera 
tion of the corresponding element's propulsion 
mechanism, a revoluble cam support driven in 
timed relation. With another one of said elements, 
a plurality of Sets of can elements removably 
mounted on Said can support, each of said sets 
including a separate cam element for each of 
said Switches, and means for adjustably support 
ing Said sets of cam elements and Switches for 
adjusting movement relative to each other to 
bring a desired one of said sets of cam elements 
into Operative relation with said switches for 
actuating the latter. 

21. A machine tool comprising, in combination, 
a plurality of relatively movable machine tool ele 
ments, a corresponding plurality of power actu 
ated means for moving said elements through in 
dividual cycles of movement therefor, control 
means for conditioning said power actuated 
means to cause their respective elements to exe 
Cute said cycles of movement, said control means 
including a plurality of switches, one for each of 
a plurality of said elements, and said switches 
being Operable upon actuation thereof to condi 
tion the control means for initiation of the oper 
ation of the corresponding element's propulsion 
mechanism, a revoluble shaft driven in timed 
relation with another of said elements, said 
SWitches being disposed in a row along said shaft, 
a plurality of sets of disk-shaped, peripheral cam 
elements telescoped on said shaft and fixed there 
to, there being one of said cam elements in each 
Of Said sets for each of said switches, and means 
Supporting Said shaft and said switches for ad 
justing movement in a direction axially of the 
shaft to bring a desired one of said plurality of 
Sets of cam elements into operative engagement 
With said SWitches for actuating the latter. 

22. A machine tool comprising, in combination, 
an indexible work positioning mechanism and a 
plurality of tool Supports reciprocal toward and 
a-Way from the Work, power actuated means for 
indexing said Work positioning mechanism, pro 
pulsion mechanisms for reciprocating individual 
ones of said tool supports, program control means 
operable to cause the propulsion mechanisms of 
predetermined ones of Said tool SupportS to ad 
vance and retract their associated tool Supports 
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in accordance with a predetermined program of 
operation in which preselected tool supports par 
ticipate in each of a plurality of steps of the 
program, means including a manually operable 
starting device for initiating the operation of said 
program COntrol means, Said program Control 
means also including means for initiating a step 
Of indexing of Said Work positioning mechanism 
by Said power actuated means upon completion 
of each step of said program by the ones of 
Said tool Supports scheduled for participation 
in that particular step and for causing said power 
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actuated means to restore said work positioning 
mechanism to its initial position at the conclu 
Sion of the last step in said program, and addi 
tional control means for automatically causing 
the propulsion mechanisms of a predetermined 
One or more of Said tool Supports to effect an ad 
ditional cycle of movement therefor at the con 
clusion of Said program and after said work posi 
tioning mechanism has returned to said initial 
pOSition. 

23. A machine tool comprising, in combination, 
an indexible Work Support and a plurality of tool 
Supports reciprocal toward and away from said 
Work Support, power actuated means for index 
ing said Work support, propulsion mechanisms for 
reciprocating individual ones of said tool Sup 
ports, program control means operable to cause 
the propulsion mechanisms of predetermined 
OneS of Said tool Supports to advance and re 
tract their associated tool supports in accord 
ance with a predetermined program of opera 
tion in which preselected tool supports partici 
pate in each of a plurality of steps of the pro 
gram, means including a manually operable 
starting device for initiating the operation of 
Said program control means, said program con 
trol means also including means for initiating 
a step of indexing of Said Work support by said 
back actuated means upon completion of each 
Step of Said program by the ones of said tool 
Supports Scheduled for participation in that par 
ticular step and for causing said power actuated 
means to restore said work support to its initial 
position at the conclusion of the last step in 
Said program, additional control means for auto 
matically causing the propulsion mechanisms of 
a predetermined one or more of said tool sup 
ports to effect an additional cycle of movement 
therefor at the conclusion of said program and 
after said work support has returned to said ini 
tial position, and means including a switch mech 
anism Operated in timed relation with the in 
dexing of said work support for conditioning 
Said additional control means for operation upon 
restoration of said work support to said initial 
position and for automatically conditioning said 
program control means for restarting of the same 
by Said starting device upon the completion of the 
Operation of said additional control means. 

24. A machine tool comprising in combination, 
an indexible work positioning mechanism, a plu 
rality of tool supports reciprocatory toward and 
away from the Work, power actuated means for 
indexing said Work positioning mechanism, indi 
Widual propulsion mechanisms for advancing and 
retracting said tool Supports, a manually operable 
Starting device, first control means operable in 
response to an actuation of said starting device 
to cause said power actuated means to index said 
Work positioning mechanism step by step through 
a series of steps With a dwell after each step and 
finally to restore Said Work positioning mech 
anism to its initial position and to cause the pro 
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pulsion mechanisms of predetermined ones of said 
tool supports to advance and retract the latter 
during successive ones of said dwells in accord 
ance with a predetermined program, means for 
stopping the operation of said machine at will 
during said program, a second control means for 
effecting the repetition by said tool supports of 
any step in said program corresponding to the 
position of said work positioning mechanism to 
which the latter has been previously indexed un 
der the control of said first control means, and 
selector means for conditioning one or the other 
of said control means for operation. 

25. A machine tool comprising, in combination, 
a plurality of relatively movable machine tool ele 
ments, a corresponding plurality of power actu 
atting means for moving respective Ones of said 
elements, a first control means for Causing Said 
power actuated means to move the respective ma 
chine tool elements in accordance with a prede 
termined program in which various preselected 
ones of said elements are moved cyclically in Suc 
cessive steps of the program, a second control 
means for causing said power actuated means to 
effect the cyclical movement of their correspond 
ing machine tool elements in accordance With 
any particular single step in said program, and 
selector means for rendering one or the other of 
said first or second control means operative and 
the other inoperative. 

26. A machine tool comprising, in combination, 
an indexible work support and a plurality of tool 
Supports reciprocatory toward and away from 
said work support, power actuated means for in 
dexing said Work support With step-by-step mo 
tion through a series of steps and back to an ini 
tial or starting position therefor, propulsion 
mechanisms for each of said tool supports for ad 
vancing and retracting the same, program control 
means operable in timed relation with the in 
dexing of said Work support for automatically 
conditioning for operation the propulsion mech 
anisms of predetermined ones of said tool Sup 
ports for successive index positions of said Work 
support, and alternatively available first and sec 
Ond indexing control means, said first indexing 
control means being operable, upon actuation 
thereof to cause said power actuated means to in 
deX said Work Support through said series of steps 
and back to said starting position and to render 
said program control means Operative during 
such indexing of the Work support, said second 
indexing control means being operable upon ac 
tuation thereof to disable said program control 
means and to index said work support through 
any desired number of steps and also auto 
matically to restore said program control means 
to Operative condition upon a return of said tool 
support to its initial position. 
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