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CONTROLS FOR AU“‘OMATIC MACHINE
TCOLS AND THE LIXE
Karl Spohn, Damaschkestrasse 15, Oberesslingen
(Neckar), Germany
TFiled Mar, 6, 1952, Ser. No. 177,816
Clzims prioxity, apphcatmn Germany Mar. 28, 1958
7 Claims. (CL 29—42)

The present invention relates to controls of the type
used, for example, for automatically operating machine
tools which are capable of automatically carrying out a
series of operatlons on a workpiece.

This application is a continuation-in-part of copending
application Serial No. 802,990, filed March 30, 1959, and
entitled Control Device for Automatic Machine Tools
and the Like.

Machine tools of the above type, for example, may be
provided with a control device which includes a plurality
of especially constructed cams designed to control the
machine tool so that its carries out the desired series of
operations in the desired sequence. Because of the great
expense involved in the construction of such centrol cams,
a device of this type is pracucal only where an extremely
large number of identical workpieces are to be provided.
Where a relatively small number of workpieces are re-
quired, it is impractical to construct special cams.

For the case where the machine tool is reqmred to work
on a relatively small number of workpieces, it is possible
to provide adjustable controls such as a cam arrangement
having adjustable camming porticns, but even this con-
struction has serious disadvantages. Thus, with an ar-
rangement of this type it is necessary to arrange the con-
trols so that the different operations take place one direct-
ly after the other, and therefore when it is desired to
change only one of the series of operations, it is essential
to make adjustments for all of the subsequent operations,
so that with a structure of this type the adjustment is very
time consuming and often results in errors.

One of the objects of the present invention is to provide
a control arrangement of the above type which is suitable
for operation on a relatively small number of workpieces
and which at the same time lends itself to easy, con-
venient changes in the several operations without re-
quiring any changes to be made for the controls of those
operations which are to remain unchanged.

Another object of the present invention is to provide a
device of the above type with a means for automatically
locating a control actuating structure at a starting posi-
tion for each of the operations performed by the machine.

it is also an object of the present invention to provide
a structure capable of locating an actuating means for
the controls of the machine tools at a starting position
at the beginning of each operation irrespective of the
distance of the actuating means from this starting posi-
tion at the end of the immediately preceding operation.

An additional object of the present invention is to pro-
vide a simple, rugged structure which is capable of op-
erating reliably to accomplish the above results and which
is compact and easy to adjust.

With the above objects in view, the present invention
includes, in a machine tool which is capable of perform-
ing automatically a series of operations on a workpiece,
a carriage means adapted to carry a plurality of fools
used in performing the series of operations, respectively,
and movable during each operation away from and back
to a rest position. An actuating means is provided for
actuating at least part of the controls of the machine tool,
and this actuating means is movable along a given path
and has along this path a plurality of equidistantly spaced
starting posmoqs recpecuvely corresponding to the loca-
tion of the carriage means in its rest position at the be-
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ginning of each of the series of operations. A transmis-
sion means transmits movement of the carriage means to
the actuating means to move the latter in the same. direc-
tion from each of its starting positions toward the next
following starting position during movement of the car-
riage means both away from and back to its rest position,
this actuating means being spaced at the end of each op-
eration at a haphazard distance from the next following
starting position depending upon the particular operation.
Finally, a moving means cooperates with the actuating
meéans for moving the latter at the end of each operation
through the remaining distance up to the next following
starting position, irrespective of the size of this remaining
distance.

The novel features which are comsidered as character-
istic for the invention are set forth in particular in the
appended claims. The invention itself, however, both as
to its construction and its method of operation, together
with additional objects and advantages thereof, will be
best understood from the following description of specific
embodiments when read in connection with the accom-
panying drawings in which:

FIG. 1 is a schematic front elevation of a machine tool
provided with the structure of the invention;

FIG. 2 is a sectional view on an enlarged scale of the
structure of the invention which is incorporated into the
machine tool of FIG. 1, the section of FIG. 2 being taken
aleng line 2—2 of FIG. 3 in the direction of the arrows;

FIG. 3 is a fragmentary, parily schematic, elevation of
the structure of FIG. 2 as seen in the direction of the
arrow A;

FIG. 4 is a fragmentary partly sectional view of part
of the structure of FIGS. 2 and 3, illustrating the opera-
tion therecf, and FIG, 4 is taken along line 4—4 of FIG.
2 in the direction of the arrows;

FIG. 5 is also a partly secticnal elevation of the struc-
ture of FIGS. 2 and 3, illustrating the operation thereof,
and FIG. 5 istaken along line 5—S5 of FIG. 2 in the direc-
tion of the arrows;

FIG. 6 is a fragmentary sectional elevation of one of
the one-way drives used in the structure of the invention,
FIG. 6 being taken along line 6—6 of FIG. 2 in the direc-
tion of the arrows;

FIG. 7 shows in elevation the control-actuating means
which is used in the particular embodiment of the inven-
tion which is illustrated in the drawings, and FIG. 7 is
taken along line 77 of FIG. 2 in the direction of the
arrows;

FIG. 8 is a sectional plan view of the structure of
FIG. 7 taken along line 8—8 of FIG. 7 in the direction
of the arrows;

FIG. 9 is a parily sectional and partly schematic illus-
tration of a releasable detent assembly used in the struc-
ture of the invention, FIG. 9 being taken along line 9—9
of FIG. 3 in the direction of the arrows;

FIG. 10 is a schematic illustration of part of the auto-
matic control structure of a one-revolution clutch assem-
bly used in the structure of the invention;

FIG. '11 is a plan view of the one-revolution clutch
assembly shown in FIG. 11 in its rest position;

FIG. 12 shows the one-revolution clutch assembly of
FIG. 11 in the position it takes immediately after this
assembly has been actuated so as to carry out one revolu-
tion;

FIG. 13 is a fragmentary sectional view con an enlarged
scale of a special one-way drive constructed according to
the present invention and used in the structure of the
invention, FIG. 13 being taken along line 13—13 of
FIG. 2 in the direction of the arrows;

FIG. 14 shows the position which the structure of FIG.
13 takes after the tool-carrying carriage has moved away
from its rest position;
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FIG. 15 shows the position which the structure of FIG.
13 takes after the tool-carrying carriage has returned to
its Test position;

FIG. 16 illustrates how the structure of FIG. 13 oper-
ates to advance the actuating means through the re-
mainder of ‘the distance required to locate it at the next
following starting position;

FIG. 17 is a schematic illustration of a hydraulic con-
trol assembly which may be used in the machine tool of
FIG. 1 and which is automatically actuated with the struc-
ture of the invention;

FIG. 18 is a schematic, partly sectional plan view of a
structure for actuating the hydraulic control of FIG. 17;

FIG. 19 is a schematic illustration on an enlarged scale
of one possible type of work-advancing structure which
may form part of the machine tool with which the struc-
ture of the invention is used; and

FIG. 20 is a fragmentary partly sectional illustration of
an element of the one-revolution clutch assembly,

Referring to FIG. 1, the machine tool illustrated thersin
includes a lower supporting frame 21 and an upper frame
22 carried by the frame 21. A headstock 23 is carried
by the frame 22 and a movable tailstock 24 is guided
for movement o the left and right, as viewed in FIG. 1,
by suitable ways of the frame 22, this tailstock 24 being
in the form of a carriage which carries the tools which
perform the several operations, these tools being carried
in a well-known manner by the rotary turret 25 which is
carried by the carriage 24 in a conventional manner. An
additional transverse carriage 26 may be provided on the
machine tool, and a further carriage 27 is provided, this
latter carriage 27 also moving transversely with respect
to the axis of the work.

The various parts of the machine tool are driven from
an electric motor 28 which is constantly running during
operation of the machine tool, and in a gear box 29 is
located a transmission which is operated by the motor 28,
part of this transmission being used to deliver the drive
from the motor 28 to a sprocket chain 36 connecting
at its lower end to a sprocket wheel driven from the
transmission in the gear box 29 and at its upper end to
a sprocket wheel which is coaxially fixed to the rotary
hollow spindle 31 which is supported in a well-known
manner by the headstock 23 and through which the work
extends. Thus, the front end of the work forms the work-
piece 32 which projects forwardly beyond the hollow
spindle 31, and this workpiece 32 is derived from an
elongated ‘bar 34 which at the end of an operation or cycle
of operations is advanced by a predetermined distance so
as to locate the next workpiece at the front end of the
bar 34 in position to be worked on by the tools during
the next cycle of operations, as is well-known in the art.
At the end of a cycle of operations the carriage 27 moves
downwardly, and a cut-off tool 48 carried thereby  cuts
off the workpiece 32 from the bar 34 and then upon
return of the carriage 27 to its rest position the bar 34
is. advanced in order to locate the next workpiece in
position. The finished workpiece which falls from the
bar 34 may be received in any suitable chute or the like
$0 as to be guided to a suitable collecting container, for
example.

The feeding of the bar 34 is carried out by a carriage
49 through which the bar 34 passes, and at its rear end
the carriage 49 carries a work-gripping structure 41 which
grips the work to advance it at each forward stroke of
the carriage 49,

. This work-gripping structure 41 may, for example,
take the form shown in FIG. 19 where work-gripping ele-
ments 6§ are- illustrated. These elements are pivotally
carried by radiaily extending plates 61 which are fixed
to and extend inwardly from a rotary sleeve 62 which
is free to rotate in the sleeve 63 which is fixed to and
forms part of the carriage 49. - At their inner faces which
are directed toward the axis of the bar 34 the work-
gripping elements 6% may be knurled, for example, so
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that they will have a relatively high coefficient of friction
with respect to the: bar 34, and they are urged toward
the bar 34 by the springs 64, respectively. As is ap-
parent from FIG. 19, whenever the work-gripping means
41 is shifted to the left, as viewed in FiG. 19, the gripping
fingers 6¢ will slide with respect to the bar 34 which will
therefore remain stationary, while when the work-grip-
ping means 41 is shifted to the right, as viewed in FIG.
19, these fingers 60 will frictionally engage and press
against the bar 34 so as to advance the latter to the
right. Therefore, whenever the carriage 49 of FIG. 1
is moved to the left the bar 34 will remain stationary
while when it is moved to the right the bar 34 will be
advanced to the right so as to locate the next workpiece
in position to be operated on. )

FIG. 1 diagrammatically illustrates the structure for
controliing the movement of the carriages 24, 27, and
49. Thus, three controls are provided, and it is pointed
out that only this relatively small number of controls
are shown solely for the purpose itlustrating the inven-
tion. In an actual machine there would be many more
contrels. In the jllustrated example the carriage-moving
structure is shown as. being hydraulic, although it is to
be understood that any other type of carriage-moving
structure could be used, since this particular feature
forms no part of the invention. As is apparent from
FIG. 1, the frame 22 fixedly carries a piston-and-cylinder
assembly 33a which cooperates with the carriage 24.
This assembly includes a piston rod which is fixed to the
frame 22 at its upper right end, as viewed in FIG. 1,
and a piston fixed to the left end of the piston rod, this
piston and piston rod extending into a hollow cylindrical
portion formed in the interior of the carriage 24. The
hollow cylinder in the carriage 24 has, of course, a fluid-
tight engagement with the piston rod. - 7t will be noted
that a piston-and-cylinder assembly 33b:cooperates with
the carriage 27, in this case the piston rod being fixed
at its upper end with the piston located at the lower end
of the piston rod in the hollow intericr cylindrical cham-
ber formed in the carriage 27, and there is also a piston-
and-cylinder assembly 33c associated with the carriage
49, the piston rod of this assembly being fixed at its
right end to the headstock 23 with the piston located at
the left end of the piston rod, and of course in this case
also’ the cylinder has a fluid-tight sliding engagement
with the piston rod. In the case of the carriage 49, it
will be noted that the piston rod extends in both directions
from the piston and that the cylinder has slidable, fluid-
tight engagement with both of the piston rods which
extend from the opposite ends of the stationary piston of
this -embodiment.

Each of the piston rods of the assemblies 33q-33c¢
is formed with a pair of bores which extend parallel to the
axis of the piston rod.. Thus, in the asssmblies 332 and
33b one of the bores extends through the piston rod and
through the piston to one side of the cylindrical chamber
and the other bore has an outlet from the piston rod on
the other side of the piston within the cylindrical chamber,

-50 that depending upon which of these bores receives fluid

under pressure the carriage will move in one direction
or the other. In the case of the carriage 49, the right
piston rod has a bore which terminates short of the
piston itself and communicates with the cylindrical cham-
ber, and the left piston rod also has a bore which com-
municates with the cylindrical chamber and terminates
short of the piston, so that in this case also depending
upon which of the bores receives fluid under pressure the
carriage 49 will move in one direction or the other, A
pair of hydraulic fluid conduits 35 and 36 respectively
communicate with the bores of the piston-and-cylinder
assembly 33q, a pair of conduits 37 and 38 respectively
communicate with the bores of the piston-and-cylinder
assembly 33b, and finally a pair of conduits 39 and 49
respectively communicate with the bores of the piston-
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and-cylinder assembly 33c. The flow of fluid in these
condnits is controlled through a valve assembly 46 which
may have the construction schematically illustrated in
FIG. 17. The hydraulic fluid is derived from a tank 43
located in a lower part of the frame 21 and a pump 43
is carried by the tank 43 at its upper part and sucks
the oil or the like out of the tank 43 through an inlet
which is provided with the filter 44. The pump 45 dis-
charges threugh a pressure conduit 54 to the valve assem-
bly 46, and the fluid flows from the valve assembly 46
back to the tank 44 through the return outlet 42. The
pressure conduit 84 carries a valve 47 of known con-
struction which automatically opens when the pressure
rises above a predetermined value so that when this safety
valve 47 is automatically opened the finid will automatical-
Iy return to the tank through the conduit 474 in a manner
well-known in the art.

One possible construction of the valve assembly 46
is. shown diagrammatically in FIG. 17. Referring to
FIG. 17, it will be seen that the valve assembly 46 in-
cludes a housing 65 in which three identical valves 66,
67, and 68 are located in the manner shown in FIG.
17, these valves being turnable about their common axis,
and each of these valves being in the form of a cylin-
drical body. The valve 66 has a passage 66a which in
the position of the valve 66 shown in FIG. 17 communi-
cates with the pressure conduit 54 so that through the
passage 66a the fluid under pressure is delivered to the
conduit 36. The conduit 35 at this time communicates
with a passage 660 which communicates with the cen-
tral axial bore of the valve 66, and all of these cen-
tral axial bores of the valves communicate with each
other and with the conduit 42, so that fluid can return
through the conduit 35 back to the tank 43. As may
be seen from FIG. 1, with the valve assembly 46 in the
the position shown in FIG. 17 the fluid under pressure
will flow along the conduit 36 through the bore of the
pistont rod into the cylindrical chamber on the right side
of the piston so as to advance the carriage 24 to the right,
as viewed in FIG. 1, and the carriage 24 is shown at
the end of its movement to the right where it has again
reached its rest position. The fluid displaced from the
cylindrical chamber by movement of the carriage 24 to
the right fiows along the conduit 35 and through the
passage 660 back into the tank as described above.
When the valve 66 is turned through 180° about its
axis from the position shown in FIG. 17, the passage
66¢ of the valve 66 will communicate with the pressure
conduit 54 and will deliver fluid under pressure to the
conduit 35 so that at this time the fluid under pressure
will be delivered to the left side of the piston in the
cylinder of the carriage 24 and will therefore advance
the carriage 24 to the left, as viewed in FIG. 1, away
from its rest position, and this will of course bring a
tool into engagement with the workpiece to perform
an operation thereon. The work is of course rotating
as a result of the drive transmitted from the motor 28,
this work being held by gripping elements at the right
end of the spindle 31, and these gripping elements may
be similar to the elements 6% shown in FIG. 19. Of
course, the rotary sleeve 62 which carries the element
60 rotates with the bar 34, When the valve 66 has
been displaced through 180° from its position shown in
FIG. 17, so that the fluid under pressure is delivered in
the above-described manner to the conduit 35, the con-
duit 36 communicates through the passage 66d with the
ceniral discharge bore of the valve 66, so that at this
time the fluid at the right of the piston in the cylinder
of the carriage 24 can fiow back through the conduit
36 and the passage 664 to the fank.

The valve 67 which is identical with the valve 66
is shown in FIG. 17 displaced through 180° with respect
to the position of the valve 66, and thus in the position
shown in FIG. 17 it is the conduit 37 which receives
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the fluid under pressure while fluid returns through the
conduit 38. As may be seen from FIG. 1, the conduit
37 communicates with the bore of the piston rod of
assembly 23b which communicates with the cylinder of
carriage 27 at the upper side of the stationary piston
therein, so that the fluid under pressure raises the car-
riage 27, and the carriage 27 is shown in FIG. 1 in its
upper. rest position to which it has been raised by the
fluid under pressure in the conduit 37. The fluid re-
turns. out of the cylinder of the carriage 27 from the
lower side of the piston therein through the conduit
38. Of course, when the valve 67 is displaced through
180° from the position shown in FIG. 17 the fluid un-
der pressure will be delivered to the conduit 38 so that
the carriage 27 will be lowered, and at this time the
fluid from the upper side of the piston in the cylinder
of the carriage 27 will return through the conduit 37.

The valve 68 is identical with the valves 66 and 67,
and in the position of the valve 68 shown in FIG. 17
the fluid vnder pressure is delivered to the conduit 49
which communicates with the right piston rod which ex-
tends into the cylinder of the carriage 4%, so that this
fluid under pressure displaces the carriage 49 to the
right, as viewed in FIG. 1, in order to advance the work,
and the carriage 49 is shown in FIG. 1 in its right end
position. This movement of the carriage 49 to the right
displaces fluid through the conduit 3% which communi-
cates with the discharge conduit 42 at this time, as is
evident from FIG. 17. Of course, when the valve 68
is displaced through 180° from the position shown in
FIG. 17 the fluid under pressure will be delivered to
the conduit 39 so as to advance the carriage 49 to the
left, and at this time the fluid will return through the
conduit 48 in the manner described above.

Any suitable releasable detent structure may be pro-
vided for releasably retaining each of the valves 66-63
in one or the other of its operating positions. These
valves may be turned between their positions in any suit-
able way such as that illustrated diagrammatically in
FIG. 18. Thus, each of the valves may fixedly be con-
nected with a coaxial ratchet 69 which is fixed to each
valve and which projects beyond the housing 65 while
being turnable with respect to the latter in a fluid-tight
manner. The ratchet 69 which is fixed to the valve
66 is shown in FIG. 18, and it is to be understood that
the other valves are operated in exactly the same way. A
rack 70 has its teeth in engagement with the teeth of
each ratchet 69, and the rack 7¢ which cooperates with
the ratchet 69 are fixed to the valve 66 is shown in
FIG. 18, The rack 78 is guided for movement to the
left and the right, as viewed in FIG. 18, through any
suitable guide structure, and the rack is urged toward
the teeth of the ratchet 69 by a leaf spring 71, for ex-
ample. A solenoid 72 is urged by spring 73 to the
right, as viewed in FIG. 18, and the armature of the
solenoid  is pivotally connected at 74 to the rack 79.
When the solenoid 72 is energized its armature will shift
to the left, as viewed in FIG. 18, advancing the rack
70 to the left, and the stroke of the solencid is such
that the valve 66 will be turned through 180° to its
other position of operation. The releasable detent struc-
ture as well as the frictional resistance to turning of the
valve 66 will maintain it in its operating position while
the rack 70 returns to its rest position, this return be-
ing brought about by the spring 73 which returns the
armature of the solenoid 72 to its rest position when
the solenoid is unenergized. As is diagrammatically
shown in FIG. 18, the coil of the solenoid is located
in a circuit which is closed when the switch 75 is closed,
and this switch 75 is urged to its open position by a
spring 76. The location of the switch 75 in the machine
tool is indicated in FIG. 1, and its electrical connection
with the valve-actuating structure is diagrammatically in-
dicated in FIG. 1. An identical switch 76 cooperates
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through an identical assembly, as shown in FIG. 18,
with the valve 67 to move the latter by 180° each time
the switch 76 is closed, and a third switch 77 cooperates
also through an assembly identical with that shown in
FIG. 18 with the lowermost valve 68 to advance the
latter through 180° each time the switch 77 is closed.
In the case of the valve 68, however, when the carriage
49 is in its left end position, as viewed in FIG. 1, it
will close a switch 53 located at the upper left of the
frame 22 in order to actuate the same solenoid which
is actuated upon closing of the switch 77 so as to ad-
vance the valve 68 through 180°. Thus, in the case of
the valves 66 and 67, each of these valves is advanced
through 180° each time the switch associated therewith
i3 closed, while in the case of the valve 68, the wvalve
is advanced through 180° alternately by closing of the
switches 77 and 53.

The structure of the invention includes an actuating
means 58 which closes the switches 75-77 in a predeter-
- mined sequence during each operating cycle, and it is
this structure for operating the switches 75-77 which
forms the present invention,

The drive from the tramsmission in the gear box 29
constantly rotates a shaft 55 which through a bevel gear
transmission - constantly rotates an upwardly directed
shaft at the right end of the shaft 55, as shown diagram-
matically in FIG. 1, and this latter upwardly directed
shaft constantly rotates one of a pair of clutch mem-
bers. These clutch members form part of a one-revo-
lution clutch which is actuated in 2 manner described
below by the return of the carriage 24 to its rest po-
sition.  'When this one-revolution clutch is actuated it
will rotate the shaft 51, shown diagrammatically in FIG.
14, through one revolution, and a gear 52 which is fixed
to the shaft 51 will also rotate through one revolution
and will actuate the structure for advancing the turret
25 through the angle required to locate the next tool
in the operating position,  the connection between the
gear 52 and the turret 25 being shown diagrammatically
in FIG. 1. In the illustrated example the turret car-
ries six tools so that it is turmed through 60° each
time the gear 52 turns through one revolution. Struc-
ture for rotating the turret 25 in this way is well-known
in the art and does not form part of the present invention.

The switch-actuating means 50 is in the form of a
rotary disc which carries switch-actuating cams, and this
Totary disc is turned about its axis through the trans-
mission means which is shown in FIGS. 2 and 3 and
which is further illustrated in the remaining figures. Re-
ferring to FIGS. 2 and 3, it will be seen that the car-
riage 24 fixedly carries at jts underside an elongated
Tack -89 which moves with the carriage 24. When the
carriage 24 moves away from its rest position, it moves
in the direction of the arrow 81 shown in FIG. 3, and
when it returns toward its rest position it moves in
the direction of the arrow §2 shown in FIG. 3. The
Tack 80 meshes with a gear 83 which is fixed to a shaft
84 supported for rotation by bearings of the frame 22,
and the shaft 84 also carries a one-way -drive 85 the
details of which are shown most clearly in FIG. 6. As
may be seen from FIG. 6 the one-way drive 85 in-
cludes a gear 86 whose hub is freely turnable with re-
spect to the shaft 84. This hub of the gear 86 is formed
with the substantially wedge-shaped recesses 87 which are
distributed about the axis of the gear 86, and each of
these recesses has a roller 79 located therein. Ag is
apparent from FIG. 6 when the shaft 84 turns in a
counterclockwise direction, as viewed in FIG. 6, the
rollers 79 will be driven toward the smaller ends of
the recesses 87 so as to press against the gear 86 and
thus at this time the gear 86 will also turn in a counter-
clockwise direction, as viewed in FIG. 6. However,
when the shaft 84 turns in a clockwise. direction with
Tespect to the gear 86, or when the gear 86 turns in a
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counterclockwise direction with respect to the shaft 84,
the rollers 7% will be urged toward the larger ends
of the recesses 87, respectively, so that at this time there
will be no transmission of a drive from the shaft 84 to
the gear §6. In this way a one-way drive is provided.
It is emphasized that many different types of one-way
drives are known ‘and the particular structure shown in
FIG. 6 is illustrated only by way of example. The disc
of the actuating means 5@ is carried by a coaxial circular
plate which has a peripheral flange extending to the left,
as viewed in FIG. 2, and terminating in an inwardly
directed ring gear 88 which meshes with the gear 86.
As may be seen from FIG. 3, when the carriage 24
moves in the direction of the arrow 81 away from its
rest -position in order to bring a tool into engagement
with the work, the rack 89 will turn the gear 83 in a
counterciockwise direction, as viewed in FIG. 3, so that
the shaft 84 will also turn in a counterclockwise direc-
tion at this time, and thus the drive will be transmitted
through - the one-way drive 85 to the ring gear 88 so
that the actuating means 59 is turned in a counterclock-
wise direction, at this time, as viewed in FIG. 3 and
as is indicated by the arrow 89 in FIG. 3.

. The transmission means of the invention will not only
turn the gear 88 and the actuating means 5¢ therewith
in the direction of the arrow 89 during movement of the
carriage 24 in the direction of the arrow 81 shown in FIG.
3, this transmission will also turn the gear 88 and the
actuating means 50 in the direction of the arrow 89
during the return movement of the carriage 24 in the
direction of the arrow 82. It will be noted that during
this return movement the shaft 84 will turn in a clock-
wise direction, as viewed in FIGS. 3 and 6, so that the
drive will not be transmitted at this time through the
gear 86 to the gear 88. It will be noted that the shaft
84 also fixedly carries a gear £0, as shown in FIG. 2,
and this gear 99 meshes with a gear 91 which is fixed
to a'shaft 92 which is paralle] to the shaft 84 and which
is supported by bearings of the frame 22 for rotation
about its axis. The shaft 92 fixedly carries a one-way
drive 93 identical with the one-way drive 85 shown in
FIG. 6. The gear of the one-way drive 93, which corre-
sponds to the gear 86, also meshes with the ring gear
#8, and it will be noted that the two one-way drives 85
and 93 are spaced from each other. During the return
movement of the carriage 24 in the direction of the ar-
row 82 the gear 83 will turn in a clockwise direction,
as viewed in FIG. 3, so that the drive will not be trans-
mitted through the one-way drive 85 at this time, as
was pointed out above, However, it will be noted that
at this time the shaft 82 rotates in a counterclockwise
direction, as viewed in FIG. 3, due to the drive trans-
mitted to this shaft at this time through the gears 99 and
91. . ‘Therefore, the one-way drive 83 will at this time
continue the turning of the gear 88 in the direction of
the arrow 89 in exactly the manner described above in
connection with FIG. 6, so that during the return move-
ment of the carriage 24 the transmission means shown in
FIGS. 2 and 3 will continue to turn the gear 88 and the
actuating means 56 in the direction of the arrow 89. The
manner in which the gears 90 and 81 cooperate to rotate
the shafts 84 and 92; respectively, is shown most clearly
in FIGS. 4 and 35, FIG. 5 showing in particular the
cooperation between the one-way drives 85 and 93 and
the ring gear 88. It will be noted that when the gear
88 is driven by the one-way drive 93 this gear 88 will
of course turn the gear 86 of the one-way drive 85, and
this gear 86 will at this time turn in a counterclockwise
direction, and the shaft 84 at this time is turning in a
clockwise direction, as viewed in FIG. 6, so that the gear
86 will simply turn freely on the shaft §4 and there will
be no transmission of drive between elements €4 and
86. In the same way, when the drive is transmitted to
the gear 88 through the one-way drive 85 the gear of the
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one-way drive 93 turns in a counterclockwise direction as
a result of its rotation by the gear 88, but the shaft 92
at this time totates in a clockwise direction and of
course here again there is no transmission of a drive be-
tween the shaft 92 and the gear of the one-way drive 93.
In this way the gear 88 and the actuating means 58 will
be advanced through certain angular increments in the
same direction both during movement of the carriage 24
away from its rest position and during movement of the
carriage 24 back to its rest position.

A third one-way drive structure is provided to continue
the turning of the gear 88 and the actuating means 50
therewith in the direction of the arrow 89, and this third
one-way drive structure is driven from a one-revolution
clutch means which is actuated by the carriage 24 when
this carriage returns to its rest position, and this latter
clutch means will now be described. At the lower part
of FIG. 2 is shown the shaft 100 which is constantly
rotated during operation of the motor 28 through the
drive from the transmission in the gear box 29 and the
shaft 55 as well as the bevel-gear transmission at the
end of the shaft 55 as was pointed out above in connection
with FIG. 1. The shaft 51 which is diagrammatically in-
dicated in FIG. 1 is driven through the one-revolution
clutch, and as is apparent from FIG. 2, this shaft 51 is
in the form of a hoilow tubular shaft into which the shaft
109 extends, and FIG. 2 shows the gear 52 fixed to the
hollow shaft 51 and providing a transmission for turning
the turret 25, as was described above. The shaft 189 is
supported for rotation by any suitable stationary bearing
structure and this shaft 186 fixedly carries the lower
clutch member i6lc of the one-revolution clutch 191
shown in FiG. 2. This is in the form of a dog clutch
and the lower clutch member 1¢1a carries upwardly
directed teeth. The upper part 191b of the clutch 161 is
in the form of a tubular member through which the
shaft 160 passes, and the movable clutch member 10Lb
is located between the shaft 51 and the rotary clutch mem-
ber 18ia. While the clutch member 161a is free to rotate
it does not move axially, and the clutch member 1415
moves axially and of course rotates when the downward-
ly directed tecth of the clutch member 161b mesh with
the upwardly directed teeth of the clutch member 10ia.
The hollow shaft 51 fixedly carries at its bottom end
downwardly directed teeth which mesh with upwardly
directed teeth at the upper end of the clutch member 1015,
and these teeth at the lower end of shaft 51 and the upper
end of clutch member 161) are long enough to remain
at all times in engagement with each other so that when
the clutch member 1815 is engaged with the clutch mem-

sr 181a the drive will be transmitted to the shaft 51,
1t will be noted that in the position of the parts shown in
FIG. 2 the clutch member 161) is raised to its inopera-
tive position where its lower teeth do not engage the
teeth of the clutch member 161a so that at this time the
shaft 51 is stationary and the drive is not transmitted
from the shaft 169 to the shaft 51. A coil spring 192 is
coiled freely about the shaft 168 and engages at its op-
posite ends shoulders of the shaft 51 and the clutch
member 181b, so that this spring 162 urges the clutch
member 101b downwardly into engagement with the
clutch member 1§1a.

As is shown most clearly in FIG. 10, the clutch mem-
ber 16156 is formed in its exterior with an arcuate groove
163 having an upper camming edge 104 which is directed
downwardly, as viewed in FIG. 10. A pin 18§, shown
in section in FIG. 10, engages the camming edge 184 so
as to retain the clutch member 161b in its upper disen-
gaged position in opposition to the spring 102. When
the pin 106 is moved out of the groove 103 the spring
102 immediately lowers the clutch member 161b into
engagement with the clutch member 1614, and at this time
the clutch member 1815 will be driven in the direction
of the arrow 185 shown in FIG. 10, transmitting the
drive to the shaft 51, as described above. Before the
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clutch member 1615 has turned through a complete revo-
lution the upper end portion of the camming edge 164
will have moved into alignment with the pin 106 which
in a manner described below will now snap into the
recess 103. The difference between the elevation of the
ends of the camming edge 164 is great enough so that
when the clutch member 1815 is in its lower engaged po-
sition the uppermost part of the groove 103 will still
ibe at the elevation of the pin 186 so that when the left
end of the groove 1€3, as viewed in FIG. 10, reaches
the pin 106 this pin will immediately enter into the
groove 163 and will engage the camming edge 184 so
that during the continued turning of the clutch member
1615 this camming edge 104 will cooperate with the pin
106 to raise the clutch member 1€1b in opposition to
the spring 102 until the parts again reach the position
shown in FIG. 10 where the clutch member 1015 is dis-
engaged from the clutch member 161a, and in this way
the clutch provides only a single revolution in the trans-
mission of the drive from the shaft 160 to the shaft 51.

As is shown in FIGS. 3, 11 and 12, the pin: 186 is
carried by the free end of a lever 187 which is supported
for turning movement about a stationary pin 188. The
fever 107 is acted upon by a compression spring 109
which urges the lever 107 to turn in a counterclockwise
direction, as viewed in FIGS. 11 and 12, so that in this
way the pin 186 is urged against the cluich member 1015b.
The lever 167 pivotally carries at its right end, as viewed
in FIG. 11, a lever 116 which is urged by the leaf spring
111, shown in FIG. 20, against a wall 312 of the lever
167. In this way the lever 116 cannot turn in a clockwise
direction, as viewed in FIG. 20, beyond the position
shown in FIG. 20 with respect to the lever 187, but of
course the lever 110 is free to turn in opposition to the
leaf spring 111, which is carried by the lever 167, ina
counterclockwise direction with respect to the lever 187,
as viewed in FIG. 20. This lever 119, which is carried
by the lever 187, is located in the path of tuming of
the free end of a lever 113 which is fixed to the lower
end of an elongated rotary shaft 114 supported for
turning movement about its axis by any suitable bearings
and prevented from moving along its axis. The upper
end of the shaft 134 fixedly carries a lever 115 which
is pivotally connected at its free end to an elongated
push rod 1%6 the left free end of which, as viewed in
FIGS. 3, 11 and 12 is located in the path of movement
of the carriage 24, and the position of the push red 116
is such that it will be engaged by the rear end of the
carriage 24 just before this carriage 24 reaches its rest
position so that in this way the push rod 116 will be
pushed by the carriage 24 from the position shown in
FIG. 11 to the position shown in FIG. 12. The push
rod 116 extends freely through an elongated bore formed
in the frame 22, and the push rod 116 is free to tilt
through the slight extent necessary to provide the turn-
ing of the lever 115 between the positions thereof shown
in FIGS. 11 and 12. A spring 417 is coiled about the
push rod 116, engages a collar 118 thereon, and this
spring engages at its right end, as viewed in FIGS. 11
and 12, o collar threadedly carried by the frame and
surrounding the push rod 116 with clearance sufficient
to allow movement of the push rod between the positions
shown in FIGS. 11 and 12, and thus the spring 117 main-
tains the push rod 116 in engagement with the rear end of
the carriage 24 when the latter moves to the right, as
viewed in FIG. 11, beyond the position shown in FIG.
11. A shoulder of the frame 22 engages the collar 118
at its left end, as shown in FIG. 11, so as to limit move-
ment of the push rod 116 by the spring 117 to the left,
as viewed in FIG. 11, to the position indicated in FIG. 11.

Therefore, just before the carriage 24 reaches its end
position while moving in the direction of the arrow 82
of FIG. 3, the carriage will move the push rod 116 to
the right from the position of FIG. 11 to that of FIG. 12,
and in this way the shaft 134 and the levers 113 and 115
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will all torn in a counterclockwise direction from the
position of FIG. 11 to that of FIG. 12, and as a result
the free end of the lever 113 will engage the element
110 and will turn the lever 187 in opposition to the
spring 169 through an angle sufficient to displace the pin
106 out of the recess 103 so that the spring 162 will
immediately lower the clutch member 1615 into engage-
ment with the clutch member 191g, and although the
lever 187 is immediately released to the spring 1¢9 the
groove 103 will have been displaced out of alignment
with the pin 18§ and the single revolution provided by
this clutch will take place. The configuration of the
free end of the lever 110 and of the free end or tip of
the lever 113 is such that the lever 113 rides off the
lever 118 just before the lever 113 reaches the position
shown in FIG. 12, and course when the parts have the
position shown in FIG. 12 the one-way- clutch 181 is
operating. When the carriage 24 again moves away
from its rest position the spring 117 will return the
‘shaft 114 and the levers 113 and 115 as well as the push
rod 116 to the positicn indicated in FIG. 11, and at this
time the lever 113 will again engage the lever 11§ but
will simply turn. it momentarily in opposition to the
spring 111 (FIG. 20), and as scon as the tip of the lever
113 rides off the tip of the lever 116 the spring 111 will
return the lever 118 to the position shown in FIG. 20.

As is shown in FIGS. 2, 3 and 9, a bell crank 12§ is
supported for turning movement about an axis paraliel
to the axis of turning of the lever 1$7, and this bell crank
is urged by a spring 121 to turn in a clockwise direction,
as viewed in FIG. 9. The hollow shaft 51 is provided at
its exterior with a recess which receives the pin. 122 car-
ried by the bell crank 128 when the shaft 51 is in its
Test position, so that in this way a releasable detent struc-
ture is provided for precisely locating the shaft 51 in a
position exactly displaced by 360° from its previous posi-
tion.” When the clutch 181 is engaged the drive of the
shaft 51 will displace it with respect to the pin 122 and
the lever 12¢ will at this time be turned in opposition to
the spring 123, and as soon as the detent recess of the
shaft 51 again approaches its initial position the spring
121 will urge the lever 128 back to the position shown
in FIG. 9 where the pin 122 cooperates with this recess
to precisely determine the position of the shaft 51.

As may be seen from FIG. 2, the shaft 51 fixedly car-
ties at its upper end a bevel gear 125 which meshes with
a bevel gear 126 which is fixed to a shaft 127 supported
for rotation about its axis by bearings carried by the
frame 22, and the shaft 127 serves to drive the third one-
way drive which advances the gear 88 and the actuating
means 50 therewith, as referred to above. The structure
of this third one-way drive is shown most clearly in FIGS.,
13-16. This third one-way drive includes a rotary gear
13@ which is freely turnable on the shaft 127 and which
meshes with the ring gear 88 as shown most clearly in
FIG. 13.. The portion of the shaft 127 which is sur-
rounded by the hub of the gear 136 is formed with an
arcuate cutout 131 which receives a motion-transmitting
member 132 the configuration of which is clearly shown
in FIG. 13. A member 133 is guided in a bore of the
shaft 127 for radial movement with respect to the axis
thereof, and a spring 134 acts on the member 133 to
urge it away from the axis of the shaft 127, this spring
134 also being located in a bore of the shaft 127, as in-
dicated in FIG. 13. The member 133 is thus maintained
in engagement with the motion-transmitting member 132
80 as to urge the right end thereof, as viewed in FIG.
13, at-all times away from the axis of the shaft 127.
The left end of the motion-transmitting member 132,
as viewed in FIG. 13, engages the left end of the cutout
131, so that when the shaft 127 turns in a clockwise di-
rection, as viewed in FIG. 13, upon Teceiving its drive
from the one-revolution clutch asssmbly described above,
the motion-transmitting member 132 will necessarily turn
with the “shaft 127, and this shaft 127 turns only in a
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clockwise direction, as viewed in FIG. 13, through a
single revolution as a result of the drive derived from the
one-revolution clutch assembiy. The inner surface 135 of
the hub of the gear 136 is curved in the manner indi-
cated in FIG. 13 so as to be provided with a shoulder
136, and it will be noted that in the position of the parts
shown in FIG. 13 the motion-transmitting member 132
engages the shoulder 136.

The parts are shown in FIG. 13 in the position they
take immediately after the one-revolution clutch has
turned the shaft 127 through one revolution, the gearing
125, 126 being such that when the shaft 51 turns through
one revolution the shaft 127 also turns through one revo-
lution, Thus, FIG. 13 shows the position which the
parts take when the carriage 24 is in its rest position just
prior to moving away from its rest position in order to
carry out an operation on the workpiece.

During movement of the carriage 24 away from its rest
position toward the workpiece in order to bring a tool
into engagement with the Iatter so as to perform an oper-
ation thereon, the ring gear 88 will turn in the direction
of the arrow 8% shown in FIG. 14 through a certain
angle such as the angle 137 indicated in FIG. 14, and
thus the shoulder 137 will turn away irom the motion-
transmitting member 132, and at the end of the movement
of the carriage 24 away from its rest position the one-
way drive assembly of FIG. 13 will have assumed the
position shown in FIG. 14. The angle 137 is shown only
by way of example and will vary with different opera-
tions. During the return movement of the carriage 24
to its rest position the gear 88 will of course continue
to turn in the direction of the arrow 89, as a result of
the transmission means described above, and thus the
gear 139 will turn-through an additional angle 138, for
example, as shown in FIG. 15. Thus, the angle 138 in-
dicated in FIG. 15 indicates the angle through which the
gear 13@ is turned during the return movement of the
carriage 24 until the latter reaches its end position. Thus,
the shoulder 136 will have advanced with respect to. the
motion-transmitting member 132 up to the position in-
dicated in FIG. 15, which again is only by way of exam-
ple since the angular distances 137 and 138, which will
always be equal to each other, will be different for dif-
ferent operations because the carriage 124 will move
through different distances away from and back toward
its rest position in order to carry out different operations.

As was indicated above, when the carriage 24 returns
to its rest position it releases the one-revolution clutch so
that the shaft 51 will automatically turn through one rev-
olution, and thus when the gear 138 reaches the position
indicated in FIG. 15 the one-revolution. clutch will be
released for operation and will now turn the shaft 127
from - the position thereof indicated in FIGS. 13-15
through a single revolution in a clockwise direction, as
viewed in FIGS. 1315, so that now the shaft 127 turns
and the motion-transmitting member moves into engage-
ment with the shoulder 136 and engages the latter so as
to positively drive the gear 136 in a clockwise direction
through whatever angle is required to complete the turn-
ing of the gear 139 through 360°. This angle is shown
at 139 in FIG. 16, but of ‘course this remaining angular
distance required for a complete revolution of the gear
130 will be different with different operations. Thus,
with this construction irrespective of the particular angu-
lar position of the gear 88 upon return of the carriage
24 to-its rest position after performing a certain opera-
tion, the stucture will automatically advance the gear 88
up fo a predetermined initial position before the next op~
eration starts and thus it is possible to locate the gear
88, and of course the actuating means 59 therewith, at
predetermined starting positions for each of the several
operations irrespective of variations in these operations.

It should be noted that the arrows 89 in FIGS. 13-15
are reversed with respect to the arrow 89 in FIG. 3. The
reason for this is that the section for FIGS. 13-15 is
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taken toward the left in FIG. 2 while the section for FIG.
3 as well as for FIGS. 4-6 is taken looking to the right
in FIG. 2. When the gear 88 is driven by the gear 130
this gear 88 will of course be turmed by the- gear 130
in the direction of the arrow 89 shown in FIG. 3, and as
may be seen from FIG. 6 the gear 86 of the one-way
drive 85 and the corresponding gear of the one-way drive
93 will turn in a counterclockwise direction, as viewed in
FIG. 6, the larger ends of the recesses 87 approaching
the members 88 so that there is no drive between the
shafts and the gears of the one-way drives 85 and 93, so
that at this time these latter gears simply turn freely on
their shafts.

The details of the actuating means 59 are shown most
clearly in FIGS. 7 and 8. The actuating means is in the
form of a plate 146 which is coaxially fixed to the gear 88
for rotary movement therewith, and the plate 146 carries
the plurality of cams or switch-actuating members 141.
A stationary shaft 142 is carried by a stationary frame
member 143 and serves to support the gear 88 for rotary
movement so that in this way the plate 140 is also sup-
ported for rotary movement. The circular plate 140 is
formed with concentric circular T-grooves 144, 145, 146,
and the several switch-actuating members 141 are ar-
ranged along these circular grooves 144-146. Each
member 141 may be in the form of a nut, for example,
threadedly carried by a T-bolt which is slidable along
the groove 144, 145, or 146 in which it is located, and
after the element 141 is located at a selected location by
the operator it is simply tightened on the bolt so-as to
be fixed in this way in the selected angular position on
the disc 149. One possible arrangement of a plurality
of the switch-actuating members 141 is illustrated in FIG.
7, and they are identifiable by Roman numerals for ref-
erence purposes in connection with the operation, as will
be apparent from the description below. The several
switches 75-77 are located respectively at the same radial
distances from the axis of the shaft 142 as the several
circular grooves 144-146, respectively, so that in this
way the eclements i41 which are arranged along the
groove 144 will actuate the switch 75, the elements 141
which are arranged along the groove 145 will actuate the
switch 76, and the element 141 arranged along the groove
146 will actuate the switch 77.

The manner in which a machine tool may be operated
through a typical cycle of operations with the structure
of the invention is apparent from FIG. 7. Inasmuch as
the turret 25 carries six tools, there will be six operations
performed on each workpiece 32 in order to complete a
cycle of operations. The gear 88 and the disc 140 there-
with will turn through one revolution in order to com-
plete the six operations of a given cycle. Each of these
operations will therefore extend through 60°, and in FIG.
7 is shown the several angular distances 150a-150f
through which the actuating means 50 turns in order to
carry out a complete revolution during six operations
each of which takes place during one of these angular dis-
tances of 60°. The first operation takes place during
turning of the actuating means 50 in the direction of the
arrow 89 of FIG. 7 through the angular distance 150a.
The switch-actuating member I on the horizontal center
line to the left of the center of the actuating means shown
in FIG. 7 has just engaged the switch 75 so as to close the
circuit of the sclenoid which will turn the valve 66
through 180° from the position thereof shown in FIG.
17, so that the fluid under pressure will now flow along
the conduit 35 shown in FIG. 1 to the left side of the
piston in the cylinder of the carriage 24 and thus advance
this carriage to the left away from its rest position sbhown
in FIG. 1. TIn accordance with the particular operation
to be performed by the first tcol the switch-actuating
member II shown in the sector 1502 in FIG. 7 will be lo-
cated at a predetermined angular distance from the
switch-actuating member I of the sector 1564, and when
the switch-actuating member II reaches the switch 75 this
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switch will again be closed so that the valve 66 will again
be turned through 180° and will thus again have the posi-
tion shown in FIG. 17 where the fluid under pressure now
flows along the conduit 36 to the right side of the piston
in the carriage 24 and thus the carriage 24 will now auto-
matically be returned to its rest position. The switch-
actuating member II for any given operation will al-
ways be angularly spaced from the switch-actuating mem-
ber I by less than 30°, which is to say be less than one
half of the angular distance through which the actuating
means 59 is required to turn during one operation, so
that when the carriage 24 returns to its rest position the
next switch-actuating member for the next following op+
eration has not yet reached the switch 75. However, the
return of the carriage 24 to its rest position releases the
one-revolution clutch structure described above so that
the one-way drive 139 will now be actuated so as to com-
plete the turning of the gear 88 and the actuating means
50 therewith through whatever remaining angle is re-
quired to bring the switch-actuating member I of the next
operation 158 up to the switch 75, and in this way even
though each of the operations requires movement of the
carriage 24 through haphazard distance nevertheless the
switch-actuating members I which initiates the several
operations are located at equal angular distances from
each cother. The second operation 1506 may, for ex-
ample, require less movement of the carriage 24 away
from its rest position, and it will be noted that the switch-
actuating member II of the second operation 1505 is lo-
cated closer to the switch-actuating member I thereof
than was the case with the first operation 150a. Thus,
when the carriage returns to its rest position at the end
of the second operation the actuating means 50 will have
turned through a lesser angle than was the case with the
first operation, but here again the structure shown in
FIGS. 13-16 will complete the turning of the switch-
actuating means 50 through the angle required to locate
the next following switch-actuating member I of the next
operation 158c in engagement with the switch 75 so as to
actuate the latter. In this way the carriage 24 will be
automatically moved back and forth and the several
switch-actuating members I which initiate the several op-
erations are all located at equal angular distances from
each other.

1t is preciscly in this latter feature that a particular ad-
vantage of the present invention resides. Because the
several switch-actuating members I can be located at
equal angular distances with respect to each other, if it
is necessary to make an adjustment in any one of the
several operations, only this one operation need be ad-
justed and the remaining operations can remain in their
already adjusted positions. For example, if it should be
found that the carriage should move further away from
its rest position during the second operation shown in the
angle 1500 of FIG. 7, then the operator need only move
the switch-actuating member II of the sector 1505 to a
greater angular distance away from the switch-actuating
members 1 thereof, which would be in a counterclockwise
direction, as viewed in FIG. 7, and it will be noted that
this adjustment can be made without in any way in-
fluencing the remaining adjustments for the remaining
operations. Of course, if all of the switch-actuating
members were arranged one right after the other so that
the space between any pair of successive switch-actuating
members I were exactly divided in half by the alternate
switch-actuating members II shown.in FIG. 7, then of
course if any one of the members II had to be adjusted
it would be necessary to carry out adjustments of all of
the succeeding switch-actuating members. However,
with the structure of the invention such a train of ad-
justments is never required since it is possible to adjust
any one single operation independently of all of the
others as a result of the feature of the structure shown in
FIGS. 13-16 according to which the structure of the ins
vention brings the actuating means 50 at all times to
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predetermined starting positions for each of the opera-
tions.

The operations will continue in the above-described
manner through the fifth operation 159e indicated in
FIG. 7. When the sixth and final operation 159f takes
place, then ‘additional switch-actuating members III—V
cooperate with the switches 76 and 77. Thus, it will be
seen that before the switch-actuating member 11 of the
last operation 156f reaches the switch 75, a switch-actuat-
ing member I will have actuated the switch 76. This
will result, in the manner described above, in turning of
the valve 67 shown in FIG. 17 through 180° so that the
fluid under pressure is now delivered through the conduit
38 to the lower side of the piston in the carriage 27 and
thus the carriage 27 is lowered so that the cut-off tool
48 will approach and engage the workpiece 32 so as to
sever it from the bar 34. Before the cut-off operation
is completed the switch-actuating member I of the last
‘operation 1507 reaches the switch 75 so that the valve 66
is again turned and the hydraulic structure automatically
returns the carriage 24 to its rest position, and the cut-
ting-off operations continue thereafter until the switch-
actuating member IV engages the switch 76 so as to
return- the valve 67 to- the position shown in FIG. 17
where the fluid under pressure will flow along the conduit
37 to the upper side of the piston in the carriage 27 so
as to raise the latter away from the axis of the bar 34.
‘Thus, it will be seen that according to the arrangement
_of the switch-actuating members I—IV of the last opera-
tion 150f shown in FIG. 7, the downward movement of
the cutting-off tool 48 will kave been initiated just before
the ‘carriage reaches the end of its movement away from
its rest position, and during the return of the carriage
24 toward its rest position the return of the cutting-off
tool to its rest position is commenced. - After the switch-
‘actuating member IV has closed and moved beyond the
switch 76 so that the latter again immediately opens, as
was described above in connection with FIG. 18, the
switch-actuating member V will close the switch 77 so
that the valve 68 of FIG. 17 will now be turned through
180° and the fluid under pressure will now flow through
‘the conduit 39 to the left side of the piston in the car-
riage 49 and thus advance the carriage 49 to the left, as
viewed in FIG. 1, so that the work-advancing assembly
‘41 shifts to the left along the work 34 which does not
move axially at this time. When the carriage 49 reaches
the end of its movement to the left, as viewed in FIG.
1, it will close the switch 53 which will thus again cause
the turning of the valve 68 back to the position shown
‘in FIG. 17 so that the fluid under pressure mow flows
‘along the conduit 49 to the right side of the piston which
is in the carriage 49 so as to advance the carriage 49
to the right, as viewed in FIG. 1, and thus the work-
advancing unit 41 will now grip the bar 34 and advance
the latter to the right, as viewed in FIG. 1, so as to locate
the next workpiece in position, and immediately upon
location of the next workpiece in position the switch-
actuating member I of the first operation 150q again
reaches the position indicated in FIG. 7 so that the cycle
.of operations is now repeated on the next workpiece.

Thus, it will be seen that with the structure of the in-
vention not only is an exceedingly simple, adjustable
actuating means provided making it feasible to work on
jobs each of which includes only a small number. of
workpieces, but in addition the adjustability can be car-
ried out in such a way that when any one operation is
adjusted it is not necessary to make adjustments for the
remaining operations, so that the adjustment for any
onie operation can be carried out in an extremely simple
-quick manner without disturbing the remaining opera-
tions because of the feature of bringing the actuating
means at all times to predetermined starting positions
for the several operations, respectively.

It will be understood that each of the elements de-
scribed above, or two or more together, may also find
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a useful application in other types of machine tools dif-
fering from the types described above.

While the invention has been illustrated and described
as embodied in automatic machine tools, it is rot intended
to be limited to the details shown, since various modifica-
tions and structural changes may be made without de-
parting in any way from the spirit' of the present in-
vention.

Without further analysis, the foregoing will so fully
reveal the gist of the present invention that others can
by applying current knowledge readily adapt it for various
applications without omitting features that, from the
standpoint of prior art, fairly constitute essential charac-
teristics of the generic or specific aspects of this inven-
tion and, therefore, such adaptations should and are
intended to be comprehended within the meaning -and
range of equivalence of the following claims.

What is clainied as new. -and desired to. be secured
by Letters Patent is:

1. In a machine tool capabie of automatically per-
forming a series of operations on a workpiece, in com-
bination, carriage means adapted fo carry a plurality of
tools used in performing the series of operations, respec-
tively, and movable during each operation away from
and back to a rest position; actuating means for ac-
tuating at least part of the controls of the machine tool,
said actuating means being movable along a given psth

-and having along said path a plorality of equidistantly

spaced starting positions respectively corresponding to
the location of said carriage means in said rest position
thereof at the beginning of each of the series of opera-
tions; transmission means transmitting movement of said
carriage means t0.said actuating means in the same di-
rection from each of said starting positions' thereof to-
ward the next following starting position during move-
ment of the carriage means away from and back to its
rest position, said actuating means being spaced at the
end of each operation at a haphazard distance from the
next following starting position depending upen the par-
ticular operation; and moving means cooperating with
said ‘actuating means for moving the latter at the end
of each operation through the remaining distance up to
the mext following starting position irrespective of ‘the
size of said remaining distance,

2. In a machine tool capable of automatically per-
forming a series of operations on a workpiece, in com-
bination, carriage means adapted to carry a plurality of
tools used in performing the series of operations, re-
spectively, and movable during each operation away from
and back to a rest position; actuating means for actuat-

ing at least part of the controls of the machine tool, said

actuating means being movable along 4 given path and
having along said path a plurality of equidistantly spaced
starting positions respectively corresponding to the loca-
tion of said carriage means in said rest position thereof at
the beginning of each of the series of operations; and

‘transmisison means transmitting movement of said car-

riage means to said actuating means in the same direction
from each of said starting positions thereof toward the
next following starting position during movement of said
carringe means away from and back to its rest position.

3. In a machine tool capable of automatically per-
forming a series of operations on a workpiece, in com-
bination, carriage means adapted to carry a plurality of
tools used in performing the series of operations, respec-
tively, and movable: during each operation away from
and back 1o a rest position; rotary actuating means for
actuating at least part of the controls of the machine
tool, said rotary actuating means being turnable about a
given axis and having a plurality of starting positions
spaced from each other by equal angular distances about
said axis and respectively corresponding to the location
of said carriage means in said rest position thereof at the
beginning of each of the series of operations; transmis-
sion means transmitting movement of said cartiage means
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to said actuating means for turning the laiter in the same
direction about said axis from each of said starting posi-
tions thereof toward the next following starting position
during movement of said carriage means away {rom and
back to its rest position, said actuating means being
spaced at the end of each operation at a haphazard an-
gular distance from the next following starting position
depending upon the particular operation; and moving
means cooperating with said actuating means for turning
the latter at the end of each operating position through
the remaining angular distance up to the next following
starting position irrespective of the size of said remaining
angular distance.

4. In a machine tool capable of automatically per-
forming a series of operations on a workpiece, in com-

[
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bination, carriage means adapted to carry a plurality of

tools used in performing the series of cperations, re-
spectively, and movable during each operation away from
and back to a rest position; rotary actuating means for
actuating at least part of the controls of the machine
tool, said rotary actuating means being turnable about a
given axis and having a plurality of starting positions
spaced from each other by equal angular distances about
said axis and respectively corresponding to the location
of said carriage means in said rest position thereof at
the beginning of each of the series of operations; trans-
mission means transmitting movement of said carriage
means to said actuating means for turning the latter in
the same direction about said axis from each of said
starting positions thereof toward the next following start-
ing position during movement of said carriage means
away from and back to its rest position, said actuating
means being spaced at the end of each operation at a
haphazard angular distance from the next following start-
ing position depending upon the particular operation, the
angular distance from each starting position of said ac-
tuating means to the next following starting position
being equal to 360° divided by the number of operations
which constitute said series of operations; and moving
means cooperating with said actuating means for turning
the latter at the end of each operating position .through
the remaining angular distance up to the next following
starting position irrespective of the size of said remain-
ing angular distance.

5, In a machine tool as recited in claim
mission means including a rack fixed to said carriage
means for movement therewith, a first gear meshing with
said rack, a second gear fixed to said actuating means co-
axiaily therewith, first one-way drive means cocperating
with said first and second gears for turning the laiter
and said actuating means therewith in ome direction
when said carriage moves in one direction, and second
one-way drive means cooperating with said first and sec-
ond gears for turning the latter and said actuating means
therewith also in said one direction when said carriage

eans moves in an opposite direction.

6. In a machine tool capable of automatically per-
forming = series of operations on a workpiece, in com-
bination, carriage means adapted to carry a plurality of
tools used in performing the series of operations, respec-
tively, and movable during each operation away from
and back to a rest position; rotary actuating means for
actuating at least part of the controls of the machine
tool, said rotary actuating means being turnable about a
given axis and having a plurality of starting positions
equidistantly spaced from each other about said axis and
respectively corresponding to the location of said car-

3, said trans-
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riage means in said rest position therecf at the begin-
ning of each of the series of operations; transmission
means transmitting movement of said carriage means to
said actuating means for turning the latter in the same
direction angularly from each of said starting positions
thereof toward the next following starting position dur-
ing movement of said carriage means away from and
back to its rest position, s2id actuating means being
spaced at the end of each operation at a haphazard an-
gular distance from the next following starting position
depending upon the particular operation; clutch means
tarnable threugh a single revolution for moving said ac-
tuating means from one starting positicn to the next fol-
lowing starting position, said cluich means including a
driven clutch member cooperating with said actuating
means o be turned by the latter and a driving clutch
member turnable through a comgplete revolution and
while turning through said complete revolution engaging
said driven cluich member and turning the latter through
the remaining part of the complete revolution to locate
the actuating means in the next following starting posi-
tion; and means ccoperating with said driving clutch
member for rotating the latter through a complete revolu-
tion at the end of each operation.

7. In a machine tool capable of automatically per-
forming = series of operations on a workplece, in com-
bination, carriage means adapted to carry a plurality of
tools used in performing the series of operations, respec-
tively, and movable during each operation away from
and back to a rest position; rotary actuating means for
actuating at least part of the controls of the machine
tool, said rotary actuating means being turnable about a
given axis. and having a plurality of starting positions
equidistantly spaced from each other about said axis and
respectively corresponding to the location of said carriage
means in said rest position thereof at the beginning of
cach of the series of operations; transmission means
transmitting movement of said carriage means to said ac-
tuating means for turning the latter in the same direction
angularly from each of said starting positions thereof
toward the next following starting position during move-
ment of said carriage means away from and back to ifs
rest position, said actuating means being spaced at the
end of each operation at a haphazard angular distance
from the next following starting position depending upon
the particular operation; clutch means turnable through
a single revolution for moving said actuzting means from
one sterting position to the next following starting posi-
tion, said clutch means including a driven clutch member
cocperating with said =zctuating means to be turned by
the latter and a driving clutch member turnable through
a complete revolution and while furning through said
complete Tevolution engaging said driven cluich mem-
ber and turning the latter through the remaining part of
the complete revolution to locate the actuating means in
the next following starting position; and means cooperat-
ing with said driving cluich member for rotating the
latter through a complete revolution at the end of each
operation, said means cooperating with said driving
clutch member being part of the drive of the machine
tocl itself and including a clutch for interconnecting the
drive of the machine tool with said driving clutch
member.
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