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UNITED STATES PATENT

MACHINE TOQL, PARTICULARLY OF THE
HYDRAULIC OPERATED TVPE

Mymh 8. Curiis, Pawiueket, B, L., .w}sﬁmw to
Willizme Wallace Potter, Pawtucket, B. L

Application Juae 29, 1932, Serizl No, 620,022
Renewed April 1%, 1937

20 Clalme. (CI, 28-—38)

The invention relates to machine tools, where- companying drewings which sre similar fo or
in there are coacting work-piece carrying mem- corrzspond with those of the sforesaid spplica-

bers and tool carrying members. tlon, will be given the zsme reference numerals
In the production of the invention, I have which are used in thai applcation.
5 adapted or embodied it in & station type mulii- Referring to Flg. 1, base 58 has bolted to it in

ple spindle machine, such as forms the subject salignment spindle cerrier housing 5§, gear hous-

of my joint copending sapplication INo. 542,186 ing 82, and & resr housing 53. Housing %1 has
and, because of special advantsges in such = revolvabily located in it spindle carvier 56 pro-
machine of that type, I illustrate and deseribe vided with an end piate §8 and carrying suitably

10 the inventior with that type of machine, but this supported in i & plurallty of work carrying spin-
is by way of exemplification or Hlusiration of dles B8, preferably spaced around the axis of the
the invention and not limitation or vestriction of carvier B4, Spindle carrier 54 may be indexed
the scope thereof. ] in g step by step manner by moior 89 (see Fig.
One of the particular objects of the invention 5) which rotates shafi 18] carrying worm (88,

15 is the hydraulic  operation of the tool slides, so  (Fig. 1) meshing with a worm gesr 90 on an in-
that'in a machine of the work-carrying spindie dex disk 6. The sk 98 carvies o roll 85 which
tyre, there will be such control of the pressure, successively engeages in eyui-spaced slots 8¢ pro-
especially for fool feed, that the ratio of tool feed vided In the spindle carrier and plate 58§ after

to spindle revoluiion will be maintained at sll the manner of the well known Geneve movement,

oo times. e The spindle carvier 88, when thus indexed, is
Other objects and advantages of the invention located snd securely clamped by locking pins (2.

will be evident from the description which is given Spindles 86 are driven by motor §22 (see Fig. 5)

in the following specification. connected with chain sprocket {25, and from
The invention consists in whatever is defined  the latter through s set of change gearing (gears

25 by or is included within the terms or scope of (28, 180 and 184, pinion. 123 and double gear 194

the appended claims. , and 87, pinfon 86, shaft 53, clutch 68 which drives
In the drawings: gear §7 on the spindie §6) shown in Fig. 1; there
Fig. 1 is a longitudinal section of a machine being parts 86, 8%, 68 for each spindie and each
_embodying the invention; spindle may be stopped and braked, while at

30 Figs. 2, 3 and 4, are respectively, views of the the loading station, through internal cone 58a
.. hydraulic feed mechanism, with the operating  clutch pinion 88 end fized external cone 58b. ‘The
valve'in three different positions; : method of driving the spindles, clutching and

Fig. 5 is a diagrammatic view of the electricéi declutching the same, operating the work hold-

‘control and interlocks; ‘ ing fixtures or chucks 3%6 and indexing and
35. Fig. 6 is a diagrammaitic view of an alternative clamping the spindle carrier 54 are all fully de-
hydraulic system; . scribed in said copending application 542,156,
Fig. 7 is & diagrammatic view of the electric and form no part of this invention. .
connections and interlocks for operating the hy- - Carrier 5§ has axially bolted to it a tube 8% by
draulic system shown in Fig. 6. means of a flanged collar 80 shrunk or welded

40 The embodiment of the invention appearing - on the tube 89 and fastened to the carrier 54 by
in the drawings has the desirable characteristics “bolts 9. Sldable on the tube 8 is tuol carrier

in a machine in which the tool slide or slides are 93, which may be slid back and forth on tube 89
hydraulically operated, the fluid under high and by thimble (48 fastened to rod {45 for the pur-
low pressure is furnished to the slide operating pose of performing work, this motion being im-

45 mechanism from an outside source, the high parted from rod (45 o slide 83 for the purpose
feeding pressure accurately metered in relation of reciprocating the latter. Slide 93 carrles nec-

to the spindle rotation of the machine for the essary tools for cperating upon work held in fix-
purpose of feeding so that the feed is synchro- tures or chucks 358 and may have mounted there-
nous with the spindie revolutions; the hydraulic on the including rotary tool holder, 24f. The

80 operations are under remote electric control; and  cons tion and operation of carrier 835 and
- feed -control, and control of other functicns of rotary tool I 248 are fully described in my
tha machine are interlocked. . copending application snd, as they form no part
For the purpose of simplifying fltustration of ‘of this fav 5, £ do not further describe the
drawings and description of this specification, = same.
35 the parts of the machine llustrated I the &~ Pastened to how

g B are eross slide bases
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-and low pressure with or from the machine.
branch pipe 23, leads from pipe {9 to control valve

2

208 and 209 which carry cross slides 210 operated
by cam 213 through cam roll 242, as described in
my said copending application.

Cam 213 has clutched to it spur gear 10 with
which teeth of rack bar I{ mesh. Rack bar {4, is
fastened to main tool slide 93 so that, as the
latter advances and returns, rack bar and gear
oscillate cam 213, and thereby advance or re-
turn cross slide 210. Thus, the cross slides as

‘well as main tool slide 93 receive their motion

from the primary operating rod 145. ]

. Fastened to one end of rod (45 is piston {2
slidable in cylinder 13. Referring to Figs. 2, 3
and 4,-it will be seen that an accumulator {4 or
other suitable means furnishes fluid .at a low
pressure through pipe 15, cut-off valve 1§, and

- pipe 17 to the return end of cylinder (3; and it

also furnishes fluid under high pressure through
pipe 15, stop valve 16, pipe {9, to metering pump
20 and thence through pipes 21 and 22 to the
feed end of cylinder 13. The cut-off valve 16
simultaneously connects or disconnects the high
A

24, another branch pipe 25 leads from pipe 21 to
control valve 24 and a pipe 26 leads from control
valve 24 to the drain.

Control valve 24 contains a piston valve 2T,
which, when solenoid 28 is energized, is pulled
into the position shown in Fig. 2, the solenoid
circuit being hereafter explained. When in this
position, high pressure fluid flows from the ac-
cumulator through pipe {8, stop valve 16, pipe
i9, pipe 23, through valve 24, pipe 25, pipe 22 to
the feed end of cylinder {3 in large volume. It
also flows from pipe 19, to pipe 21, through
metering pump or valve 20. Low pressure fluid
is always supplied to the return end of the cyl-
inder i3 from accumulator {4, but the low pres-

sure resistance on the return side is overcome by -
° the high pressure on the feed side and, there-

fore, piston- 12, and consequently the slide re-
ciprocating rod 145, is advanced rapidly in the
direction of the arrow in Fig. 2, thereby advanc-
ing rapidly main slide 93 and cross slides 240 to
their cutting positions. When this position is
reached, solenoid 29 is energized in a way here-
inafter to be described, and by plunger 30 oper-
ating lever 34, which engages -on a collar on the
valve rod, moves valve 27 to the position shown
in Fig. 3. When the valve 27 is in this position,
high pressure fluid cannot flow directly from pipe
23 to pipe 25, but must go through metering
pump 20, (which pump is of a well known multi-
piston variable stroke type and is furnished with
a gear 32 driven from gear 134, see Fig. 1, and
consequently metering pump 20 rotates in syn-
chronism with the spindles 56, because pump and
spindles are geared together).
now supplied in a small metered amount to the
feed side of piston 12 (overcoming the resistance
of the low pressure on the return side of the
piston) and consequently the various tool slides
are given their feed motion on the work at a
measured rate synchronously, or in time with
the spindle revolutions. The rate of feed is alter-
able by varying the stroke of the metering pump

. 20.

75

When the slide reaches the limit of its feed -

stroke, tool slide 93, is brought to a positive stop
by stop rod (82, as in said copending applica-
tion, and piston 12 discontinues its work operation
feed movement. Pressure immediately begins to
rise in pipe 22, until it reaches a.degree to over-
come the resistance of spring 33, in a cylinder 34,

" end of the feed stroke.

High pressure is

2,118,035

acting on a piston 35 therein, cylinder 34 being
connected to pipe 22 by pipe 34a. Pressure over

the resistance of spring 33 causes piston 35 to .

move and thus close a control circuit by a switch

36 connected with said piston 35. The strength

of the spring 33 may be varied by an adjusting

nut 3T. The time for piston 85 to move enough-

to close the circuit gives a desirable delay at the
The circuit closed by
switch 36 excites solenoid 38, as hereinafter de-
scribed, which latter pulls valve 27 to the position
shown in Pig. 4. The feed side of cylinder {3 is

"now connected directly with drain pipe 26

through pibes 22 and 25, and all pressure on the
feed side of piston 2 is removed. As low pres-
sure is maintained on the return side of the piston
12, it, together with the attached slides, being re-
turned rapidly to the starting point.

The operation of the solenoids, for controlling
the hydraulic feed, together with their interlocks,
by the outer elements of the machine is dia-
grammatically shown in Fig. 5. In this diagram.
as in the aforesaid application, the terminals are
designated by letters, and terminals with like
letters are always connected. It will be noted
that terminal A is always connected with one wire
of the main line and the terminal D is always con-
nected with a ground wire of the main line so
that, when A and D are connected, a current flows
through the circuit.

Contactor 276 on panel 219 operates spindle
motor 122 and contactor 289 operates high speed
drill motor 261, through push buttons 28{ and
288: and =& cutout switch 290 is furnished for con-
tactor 288 in the same manner as in said copend-
ing appiication, and therefore requires no further
explanation.

The contactor 284 controls index motor 99—
the functions of this motor being to revolve index
disc 96 whieh controls the indexing and locking
of the spindle carrier 54, as in said copending

. application, and the movements of this index disc

96 must be interlocked with movements of the
slide 93. For this purpose I provide on index
disc 86 a dog 301 which operates plunger 319,
thereby operating switches 325, 326 and 327 so
that, when disc 96 has completed all the functions

_ incidental to indexing the spindle carrier 54, the

dog 301 pushes plunger 319 in, switch 327 first
closes eircuit between A and R; switch 326 then
closes circuit between F' and D; switch 325 then
breaks the circuit between A and S, and when dog
207 moves away from plunger 319, it permits the
reverse operation to take place—namely: switch

. 925 first closes circuit between A and S; switch

326 then breaks the circuit between F and D; and
switch 327 breaks the circuit between A and R.
On the main tool slide 93 is a fixed dog 433, which,
when the slide 93 reaches its extreme rear posi-
tion, operates switch 434 in contactor 435 to close
the circuit between I and S and, when in any
other position, switch 434 breaks the circuit be-
tween I and S. - Also on slide 93 are adjustable

dogs #36 and 437 which by acting on arm 438

close, respectively, normally open switches 439
and 440, thus completing. the circuits between

A and E, and A and K, respectively. I also pro-.
'vide on pane! 219 relays 441, 442, 443 and 444,

the functions of which will be hereinafter de-
scribed, and on push button panel 280 is a reset
switch 445, a hand index switch 446, a fast ahead
hand switch 441, a slow ahead hand switch 448,
and a reverse hand switch 449.

The machine iilustrated may be operated or
controlled by hand or automatically. The hand
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operation, which I will first describe, is accom-
plished by hand push buttons 446, 4471, 448 and
449. It must be made impossible to index the
spindle carrier except when the tool slide 93 is
in its extreme rear position, and it must be im-
possible to operate tool slide 93, except when the
index is stopped in such a position that dog 307
has pushed in plunger 319 and this must be so
both in hand operation, and in automatic oper-
ation. To operate the index by hand, push but-
ton 446 is depressed. ‘This first breaks the con-
nection between A and the slide operation push
buttons, thus preventing their operation; it next
connects A and S and, if slide 93 is in its extreme
rear position so that dog 433 closes switch 434,
current will flow from S to I in contactor 435;
thence to connection I in contactor 294, through
thermally operated safety switch 315 and solenoid
314 to connection D, thus forming a circuit
through solenoid 314, energizing the same and
closing motor switch 316, and starting motor 99
which operates disc 96. Motor 99 runs as long as
button 446 is depressed and-stops as it is released.

Depressing fast ahead push button 447 con-
nects Al and E. and if index push button 446 is
not depressed, but is in the position illustrated,
current flows from A! to E, thence to E in relay
441, through solenoid 450 to D, thus completing
a ‘circuit -through the solenoid and closing
switches 451 and 452. Closing of the switch 452
allows current to flow from A in contactor 294
to T if switch 316 is open in the position shown
so that motor 99 is stopped; thence to T in relay

441 through switch 452 to H. thence to H in the

hydraulic panel 453 (includes parts shown in Fig.
2) through fast ahead solenoid 28 to F, thence
to F in contactor 306 and through switch 326 to
D, providing switch 326 is closed by index disc
being in a position so that dog 307 is holding in
plunger 319. This completes the eircuit through
solenoid 28, thus operating valve 27T to the posi-
tion shown in Fig. 2 and starting the slide fast
ahead. The pulling of valve 27, to the left by

" solenoid %8, causes the valve rod to operate

i0

switch 454 breaking the circuit between A and G.

The slow speed is operated by depressing but-
ton 448. 'This first breaks the connection be-
tween A! and A? thus cutting off current from

the reverse switch 449, then completes the con-

nection between A3 and K if switch 448 is in its
inoperative position as shown, causing current to
flow to K in relay 443 thence through coil 455
to connection D. This energizes coil 455 and
closes switches 456 and 4571. Closing of the
switch 456 allows a holding circuit to flow from
A to P in hydraulic panel 453, thence to P in

relay 443, through. swifch 456 fo K. and thence .

through coil 455, Switch 457 completes a circuit
from A to Q in relay 443, thence to Q n hydrau-
lic penel 453. thrruch soleno'd 29 to F. and if as

" before switch 326 in contactor 306 is closed.

throush to D. This completes the circuit throngh
solenoid 29, thus energizing the same and bv
mesans or rod 30. lever 31 acting on collar 27a,

moves valve 21 to slow feed position shown in-

Fig. 3. Movement of rod 30, also causes switch
458 to break a holding circuit between A and P,
thus de-energizing solenoid 455 and allowing
switches 456 and 457 to open.

Depressing push button 449 closes- the cireuit
between A2 and L in panel 280, if switch 448 is in

its inoperatv'v,’e position’ as shown, causing cur-

rent to flow to L. in _relay 444, thence through
solenoid 459 to. D, thus.energizing solenoid 459.
This causes switches 460 and 461 to close. The

3

closing of switch 460 completes a holding circuit

‘through “solenoid 459 when switch 462 in panel

453 is closed, which is the case except when in
reverse. Closing switch 461 completes a circuit
between A and N, thence to N in hydraulic panel

453, through solenoid coil 38 to F and thence -

from F to D in panel 306 if switch 326 is closed.
This completes a circuit through solenoid 38 en-
ergizing the same and pulling valve 27 to reverse
position snown in Fig. 4. Valve 27 when moved
to the reverse position opens switch 462 thus
breaking the holding circuit through coil 459
in relay 444 and allowing switches 460 and 461
to oven. It is thus seen that by the action of
switches 454, 458 and 462 in hydraulic panel
453, that the circuit through the operating sole-~
noids is broken as soon as they have completed
their work.

Automatic operation.—Assume the tool slide is
in its extreme rear position and a cycle of the
machine has been.completed, but that spindle
drive is operating and the clutch or clutches 60
are disconnected. The operator chucks a piece
of work, then he starts fhe indexing of the
spindle carrier 54. At the completion of the in-

10

15

20

25

dexing, the tool slide 93 starts forward on the -

fast motion until the tools reach the work, when
a dog 431 on the' tool slide trips the hydraulic
feed into slow ahead work-operating movement.
When the slide reaches the end of its stroke, the
pressure built up in the feed cylinder causes the
hydraulic mechanism to trip into reverse and the
tool slide returns to its former position. During
this time, the operator is chucking a new piece

- of work, as above stated, and after he has fin-

ished, he pushes the reset safety button 445,
which causes the c¢ycle to be repeated as soon as
the slide reaches its extreme rear position. If he
does not, however, press the reset push button
445, the machine stops until he does press this

" button.

The above generally described automatic cycle

- is accomplished thus: With the slide 93 at its
extreme rear position, dog 433 will hold switch 434 .

closed. The indexing has stopped in such posi-
tion that dog 307 on index disc 96 has pushed
plunger 319 into the position shown (Fig. 5).
The operator chucks a piece of work and then
presses reset button 445 which makes a connec-

‘tion between A and J permitting current flow

to J in relay 442 and through coil 463 to D, thus
energizing this coil and closing switches 464
and 465. Closing switch 464 connects J and R

and, as R is connected with A through 321 on’

panel 306, a holding circuit is formed through
coil 463 so, when the operator releases button
445, coil 463 still remains energized. . Closing
switch 465 connects A with S and, as S is con-

nected with I on panel 435 current flows to I
of contactor 294 energizing coil 3{4 and closing

switch 316. The closing of switch 316 opens

- the circuit between A and T by switch 466 and

closes the circuit between A and D by switch 457.
This energizes coil 450 in relay 441 and closes
switches 451 and 452.  As G is connected with
A on hydraulic pancl 453, closing of switch 451

30
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permits a holding circuit to go through coil o

458 maintaining switch 452 closed, which con-
nects T with H, but as this circuit is broken by
switch 466 on panel 294, no action takes place.

Closing switch 316 also starts motor 99 re-

"volving to index disc 96 which moves dog 307

away from plunger 319. This allows the plunger
319 to automatically move (to the right of Fig. 5)
first, to close switch 325 connecting A with

70
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‘fore, index disc 96.

4

3, thereby maintaining a holding circuit-through
the index solenoid 314 by connections I; secondly,
to open switch 326 breaking the circuit between
F and D, thereby making it impossible to energize
any of the hydraulic feed solenoids while the in-
dex is taking place; and, thirdly, to open the
circuit between A and R by switch 327, which
breaks the holding circuit through solenoid 463
of relay 442, allowing switches 464 and 465 to
open. The opening of switch 464 breaks the
holding circuit through solenoid 463 and the
opening of switch 465 breaks a circuit between A
and S, but, as A is still connected to S on panel
306, no change takes place.

As the index disc finishes its cycle or revolu-.

tion, dog 307 again engages on plunger 319 to
move it to the position shown in Fig. 5 by, first,
closing switch 327, but no action takes place as
this circuit is broken by switch 464 of relay 442.
The plunger 319 then closes switch 326 connect-
ing F and D, making it possible to energize the
hydraulic solenoids, and then breaks a circuit
between A and S by switch 325, which breaks the
holding circuit through I of contactor 294, thus
de-energizing coil 314 and allowing switch 316
to open, stopping indexing motor 99, and, there-
This operation of the switch
316 also breaks the connection between A and E
of contactor 294 by opening switch 467, but as
a holding circuit current is flowing through E
from G, the solenoid 450 remains energized; and
also connects A to T by closing switch 466. This
causes current to flow from A to T of contactor

294, from T to.H of relay 841, thence to H on -

hydraulic panel 453 .through solenoid 28 to F,
thence from F to D on panel 306, which energizes
solenoid 28 causing it to pull hydraulic valve 217
into the fast ahead position shown in Fig, 2.
This movement of the valve 2T opens switch 454
on the hydraulic panel 453, thus breaking the
connection between A and G and breaking the
holding circuit through solenoid 450 of relay 441,
allowing switches 451 and 452 to open, and de-
energizing solenoid 28. The slide 93 now feeds
fast ahead untii dog 437 coacts with arm 438
on panel 435, which closes switch 440 connecting
A with K and energizing coil 455 in relay 443.
This energization of coil 455 closes switches 456
and 457 and, as A is connected with P on panel
453 by switch 458, a holding circuit is formed
by the closing of switch 456 and the closing switch
451 completes the circuit between A and Q of

relay 443, thence to Q in hydraulic panel 453,

through solenoid 29 to F, thence to F on panel
306 and through switch 326 to D, thus energizing
solenoid 29, which moves rod 30 so thaf it shifts
valve 27, by means of lever 31 acting on collar 27a
to slow feed position shown in Fig. 3. This move-
ment of rod 38, also opens switch 458 on the hy-
draulic panel 453, breaking the holding circuit
between A and P, allowing switches 456 and 451
of relay 443 to open, and de-energizing solenoid 29.
Slide 93 now feeds slowly until it reaches the end
of its working stroke when, as before mentioned,
pressure begins to build up in cylinder 34, until
it causes piston 3% to move switch 36 to close the
circuit between A and L in hydraulic panel 453,
which completes a circuit through coil 459 of
relay 8444, closing switches 460 and 46f. As A is
connected with M by swifch 462 on panel 453,
when the slide is in the fast ahead or slow feed
positions, a holding circuit is formed by switch
460 through coil 459. The closing of switch 461
of relay 444 completes a circuit between A and N
of relay 444, thénce to N in panel 453, through

2,118,025

solenoid 38 to F, thence to D through switch 326
in panel 306. This energizes solenoid 38, causing
it to pull valve 27 into reverse position as shown

~in Fig. 4, this latter movement opening switch

462, breaking the holding circuit through coil 459
so that switches 460 and 46{ open, and de-ener-

gizing coil 38. Consequently, the high pressure

in the cylinder {3 and in pipe 22 is open to drain
26, and the low pressure from the accumulator or
other source flows through pipes 15 and 11 to the
cylinder 13 thus rapidly returning the piston 2
and therefore the slide 93 to its rear position.

‘While these operations have been taking place,
the operator has chucked a work piece in that
spindle which is at the loading station and, upon
completion of chucking, presses the hand reset
push button 445, which connects A with J, thus
energizing coil 463 of relay 442, closing switches
464 and 465. The closing of switch 464 completes
a holding circuit through coil 463, by connections
A and R on panel 306.
connects A with S of relay 442 but, as this cir-
cuit is broken by switch 434 on panel 435, no ac-
tion takes place. When, however, slide 93
reaches its extreme rear position, switch 434 is
closed by dog 433, completing the circuit from S
to I, thence to coil 314 on contactor 294, thus
starting the index disk 96 and then the cycle is
repeated.

Should the operator, however, fail to press
reset button 445, the coil 463 of relay 442 is not
energized. Switches 464 and 465 remain open so
that, when dog 433 closes switch 434 as the slide
reaches its extreme rear position, no indexing
takes place as the circuit is broken by switch 465
of relay 442. As soon as the operator energizes
coil 463 by pressing hand reset push button 445,
index takes place and the cycle repeats.

It may be desirable to feed the slide 93 “fast
ahead” after dog 437 has thrown the feed into
slow ahead. This is accomplished by dog 436,
which moves arm 438 to close switch 439, making
a connection between A and E, energizing coil
450 of relay 441 which closes switch 452, thus
energizing “fast ahead” solenoid 28. .

In Fig. 6, there is shown another hydraulic
feeding system operated electrically, as shown
diagrammatically in Fig. 7. In this case, there
is utilized as a source of hydraulic power a
variable displacement pump unit 466, similar,
for instance, to that manufactured by the Oilgear
Company, the construction of which is well known
to the art, and driven by a motor not shown. It
has a valve 4871 with a valve rod 468, which can
be operated by a hand lever 469 or hydraulically.
When handle 469.is in the position 469a, the hy-
draulic feed is on fast ahead, with the handle in
the position 469b it is on slow ahead, with the
handle in the position 469c, it is in feed reverse,
and when in the position 469, it is in neutral.
Besides hand and hydraulic operation of this
valve 467, there is provided electrical operation.
The pump unit 466 has a variable stroke, high-
pressure pump for feeding and a constant volume

low-pressure pump for quick motions and main-

taining back pressure and, when valve rod 468 is
in the fast ahead position, the constant volume
low pressure is forced through pipe 413 to the
right hand or ahead side of cylinder {32, and the
left hand side of cylinder {3a is connected by
pipe 414 with the exhaust. This causes piston
{2« to be moved rapidly in the direction of the
arrow and its piston rod 145 moves main tool slide
93 rapidly in its ahead direction. When the tools
reach the work, solenoid 28a (Figs. 6 and 7) ener-

The closing of switch 465
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gized and the solenocld core 475, through lever
416 pivoted on stud 471, will engage collar 478
on rod 419 throwing valve rod 463 to place the
valve 467 in feed work-operation position., In

this position, the right hand side of cylinder 3g -

is conngcted with the variable feed high-pres~
sure pump through pipe 413, and the left hand
side of the cylinder is connected with the con-
stant low-pressure through pipe 414, the differ-
ence In pressure causing piston i2a, and hence
tool slide 93, to move slowly for work-operation.
When slide 93 reaches the end. of its feeding

work-operation stroke, it is brought to a dead

stop by stop rod (42 (Fig. 1) and pressure builds
up in pipe 413 and consequently in.valve 426,
through branch pipe 481, until it is sufficient to
overcome the resistance of spring 482 which holds
ball valve 483 in its seat, spring 482 being cali-
brated to withstand any pressures necessary dur-
ing work operation of the cutting tools. Liguid is
then forced through pipe £8& to the ieff hand side
of piston valve 485, in pilot valve 486. It will be
observed that the right hand end of piston valve
485 is connected by pipe 487, and valve 488 io the
low pressure pipe 474 by the check ball valve 889
in valve 488 and will lift from its seat under
the pressure acting on piston valve 885 thus
allowing valve 485 to be shifted to the right,
This connects pipe 486 (which is alwsys connect-
ed with the low pressure constant volume pump)
with pipe 491 and causes low pressure to fiow into
chamber 492 of valve chest 478 and acts on piston
493 on valve rod 468 to force it to the right, thus
moving the valve 467 and the handle 489 to neu-
tral or tool slide reversing positions as will now
be described. .

Chamber 484 of valve chest 478, In which pis-
ton 485 is disposed, is connecied by mesns of
pipe 496 with drain pipe 497 through pilct valve
486, so that piston 483 can move to'its exireme
right hand position. Piston 495 has o rod 498
extending from it which abuts against piston §93
(but is not fastened to it) so that piston £98 is
moved by piston $98 in its movement towards the
right, but is leff by piston 493 when the lagter
moves to its extreme lef} position.

Movement of pisten 493 to its exireme right
position throws valve rod 468 to place its vaive 457
in the reverse position, and in this positicn the
left hand end of cylinder (3¢ is connected by pipe
474 with the low pressure constant volume pump
and the right hand end of cylinder §3g is con-
nected by pipe 473 with the dgrain through pipes
431, 484, pivot valve 488 and pipe 487, This causes
piston §2a to rapidly move until it reaches its ex-
treme right hand position. Pressure then starts
to build up in pipe §74 until it is able o 1ift bail
§00 against the pressure of spring 489 in valve
488, this spring being of suficient tension to re-
sist the pressure necessary $o. return thz tool
slide to its ‘extreme rear position.
pressure is sufficlent to lift valve 508, the Sumd

flows through pipe 287 to the right hend side of

valve 485 in pilot valve body 4868 and ag the lefi
hand end of this valve is now connected with the
drain through pipe 484, valve 499, pipe 481, and
pipe 413, valve 485 is shitted to it5 exireme lefi
position. Chamber 492 is now connected by pllot
valve 488 with the draln through pipes 884 and
497, and low pressure is applied to chamber 484
from pipe 499 through pilot valve 483 mnd pipe
488, causing piston 495 to move o ifs extreme
left hand position. 4s piston 285 has only half
‘the siroke of piston 493, it forces the latter and
therefore valve rod 488 info neutral position

)

When the

8

where all pipes are filled with the same low pres-~
sure, and piston 12¢ remains stationary.

The cycle can now be restarted by throwing

valve 468 into the fast shead position either by
hand, or -automatically by energizing solenoid
28a, .
- Now it will be described the automatic .op-
eration in connection with Fig. 7. It will be
noted that the terminal connections are lettered
and, as in the other case, connections that have
similar letters are always electrically connected
and, as in the other embodiment of our invern-
tion, panel 279 has the contactor 275 which op-
erates spindle motor 22 and a contactor 289
which operates high speed drill motor 261. These
motors are operated by start and stop buttons 28§
and 233 In panel 280 snd contactor 289 may be
connected or disconnected from these .push but-
tons through switch 288. As the operation of
these contactors does not form any part of-$his
invention, no description thereof is necessaly
Thig cireuif Is, like the preceding one, capable ot
hand or automatic-control, -

To index the spindle carrier 54 by hand, a push
button 448 (on push-button panel 209) depressed
and first discomnects A and Al, thus preventing
hand operation of the tool slide while indexing is
taking place; push button 448 then connects A
and S completing a circwlt to 8 on slide panel
43% amnd through switch 434 to I, if tool slide
83 is In its extreme rear position, so that dog
438 closes switch 484; thence to I on contsctor
438, through thermgal safety switch 315 on con-
tactor 284 and solenoid coll 3{4 to D. This en-
ergizes coil 844, which operates switch 316 start-
Ing motor 98, which continues to run as long as
button 448 is depressed and stops upon the re-
lease of seid button. As soon as index motor 99

10

156

20

25

30

starts to revolve, index disc 9% moves away from -

blunger 319 allowing switch 226 to brealk the
coniiection between D and F on panel 368, pre-
venting fecd being operated while ¢he indexing
Is being performed. .

To start the machine on fast motion, push

button 4847 is depressed, which first . breaks the.

connection from A! {0 A? thus preventing the
slow speed switch 448 from bsing operated and,
then connected A% with E, if the tool-slide slow
feed push buiton 448 is in lts upward or relesse
position. This completes-a circult from A to B,
thence to B on relay 441, through cofl 458 to D,
thus energizing coil 450 which closes swiiches
480 and 452. Closing switch 450 completes g
holding circuit through coil 456( if & is connected
with 4 on the hydraulic panel 358, and the clos-~
ing of switeh 482 connects T with H and as T is
coniiected with A in coniactor 298, current fows
to ¥ on the hydraulic panel 453, thence through
solenoid 28e {o ¥, thenee to F onm panel 3086,
through switch 928 fo . This energizes coil 28a
ceusing 1t {o move valve plunger 453, by means
of rod 8719 and lever 488, to position 468s for
starting the fast ahead tool-slide feed. Rod 418,
2lso at the end of its movement last mentioned,
operates switch 454 bresking the circuit between
A and G thus de-energlzing coll 439 and aliowing
switches 834 and 452 to open, the opening of the
latter de-energizing coil 20a.

"The slow tool-slide feed is opersted by push
bution 448 which, when depressed, frst breaks
the circult between Al and A3 thus preventing
the operation of the high speed push button 487:
and then connects A? with K, if push bulfon 447
is in Its inoperative relessed or upward position.

This completes 8 clreult belween A and ¥ and
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455 thereof to D, thus completing the circuit
through coil 455, if switch 458 on panel 453 is
connecting A with P, and the closing of switch
4571 completes a circuit from A to Q, thence to
Q on the hydraulic panel 453, through coil 2%«
thereon to F, thence to F on index panel 306
and through switch 326 to D. This completes a
circuit through coil 29a energizing the same and
causing it—by means of rod 4715, lever 416 and
collar 418—to operate rod 419 a sufficient distance
so that it pulls handle 469 into the slow ahead

. position. The operation of rod 4715 also. causes
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switch 458 to open, breaking the holding circuit
through coil 455 allowing switches 456 and 451
to open, the opening of the latter deenerglzing
solenoid 29a.

When reverse by hand is desired, it is accom-
plished by means of hand lever 468.

The automatic cycle is similar to"that herein-
before described and is accomplished thus: As-
suming that the slide 93 to be at its extreme rear
position with dog 433 holding switch 434 closed
and the index disk 96 to be stopped in such a
position that dog 307 holds plunger 319 in the
position shown, the operator chucks a piece of
work in the spindle at the loading station and
then depresses reset button 445. This connects
A with J completing a circuit to J in relay 442
and through coil 463 thereof to D, thus ener-
gizing this coil which closing switches 464 and
465. Closing switch 464 connects R and J
forming a holding circuit through coil 463 as R
is connected with A on index panel 306. Switch
485 connects A with S causing a current to flow
to S on tool-slide panel 435, thence to I, back to
1 on contactor panel 294, through coil 314 to D,
thus energizing coil 314 and throwing switch 3i(6.
This starts index motor 99, breaks the circuit
between A and T and closes the circuit between
A and E on contactor panel 294, which latter

“completes a circuit through coil 450, energizing

the same and closing switches 451 and 452. Clos-
ing switch 451 completes a holding circuit through
coil 450 as A is connected with G on the hydraulic
panel 453, Closing switch 452 connects H with
T but, as this circuit is broken on contactor panel
294, no action takes place. As soon as the index-
ing starts, dog 30T moves away from plunger
319 allowing it to move with its bias to, first,
close - switch 325 establishing a circuit between
A and S to complete a running circuit through
coil 314; then causes switch 326 to break the
circuit between F and D, preventing any operation
of the tool-slide feed, while indexing is teking
place; and then causes switch 327 to open be-
tween A and R, which breaks the holding circuit
through coil 463 thus allowing switches 464 and
465 to open, the latter breaking the starting cir-
cuit through coil 314. ’

As the indexing finishes, dog 307 again pushes
in plunger 319 against its bias, first, connecting
A with R by switch 321, but as this circuit is

broken in relay 442, no action takes place; then’

connects D with F by switch 326, permitting op-

eration of the feed solenoids 28a; and then breaks -

the circuit between A -and S by opening switch
325, which latter breaks the circuit through coil
3(4, de-energizing the same and allowing switch
316 to open, stopping the index motor ‘98, 'The

opening of switch 316 also causes switch 467 -
to break the starting circuit through cofl 450 and

then, closes switch 466 connecting A and T,
forming a circuit from A through switch 452 to
H on the hydraulic panel 453. Current now flows
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current passes to K on relay 443, through coil . from H through"coil 28a to F, thence from F to

D in panel 306, thus energizing coil 28a and,
as previously explained, starting the fast ahead
feed and also opening switch 454, breaking the
holding circuit through coil 450 in relay 441, al-
lowing switches 451 and 452 to open, the latter
de-energizing coil 28a. Slide 93 is now in the
fast feed ahead speed and continues so until dog
431 acts on arm 438 causing switch 440 to close
the circuit between A and K on panel 435 which
completes a circuit to K in relay 443 and thence
through coil 455 to D, energizing the coil and clos-
ing switches 456 and 451. Closing switch 456
completes a holding circuit through the coil as A
is connected with P in panel 453 and the closing
of switch 451 completes a circuit from A to Q in
panel 453, thence through coil 29a to F and
from F to D in panel 306, thus energizing coil
28a and by rod 415 throwing valve rod 468 to
feed ahead position. Movement of rod 475 opens
switch 458, breaking the holding circuit through
coil 455, allowing switches 456 and 45T to open,
the latter de-energizing coil 420. The tool slide
then feeds ahead until it reaches the end of its
stroke when the reverse is operated by the pres-
sure in valve 481 as hereinbefore explained. The
glide then returns to its extreme rear position
where it is thrown into.neutral by pressure in
valve 488 as before explained.

While the above described cycle has been taking
place, the operator chucks another piece and if
after chucking the piece he depresses button 445,
relay #42 is operated to complete a circuit be-
tween A and S so that when slide 93 reaches its

‘extreme rear position and dog 433 closes switch

434 a circuit is completed to I, thus operating
switch 316 in panel 294, This starts the index
and the cycle is repeated. If the operator does
not press the hand re-set button 445, thus ener-
gizing relay #42, connection is not made between
A and S in relay 442 and the closing of switch 434
will not start the index motor 99. The machine,
therefore, remains stopped until the operator
presses re-set button 445,

What is claimed is:

1. In a machine tool having a rotatable work
spindle and means for rotating said spindle, the
combination of a to and fro moving tool carrier,
hydraulic means for moving the carrier to and fro
relative to work on the spindle, and automadtic
means and including elements operated by the
movement of said carrier when in predetermined
positions for controlling the action of the hy-
draulic means, said hydrauiic means including a
cylinder with piston fluid pressure connections

‘ communicating said hydraulic means on both

sides of the piston, & metering pump in at least
one of said connections, and means for operating
sald metering pump in synchronism with the
spindle, the said elements of said automatic means
being electrical and having operable circuit con-
nections with a movable element of the hydraulic
means.

2. In a machine tool having rotatable work-
supporting spindle, the combination of a to and
‘fro moving tool carrier, a single hydraulic means
for moving the carrier to and fro relative to work
on the spindle, and automatic means for con-
trolling the action of the hydraulic means, said

automatic control means being electrical and in- T

cluding a circuit having. operating connections
with a movable element of the hydraulic means
and with & power-moved machine element that
controls such circuit, :

3. In a machine tool of the rotatable work-
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" supporting multi-spindle station type, the com-
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fectlve or ineffective.

bination of a single to and fro movakle tool feed-
ing means for the tools of each spindle, hydraulic
means for moving the feeding means to and fro
relative to work on the spindles, means for in-
dexing the spindles from station to station and

‘automatic means for confrolling the action of

the hydraulic means and said indexing means,
said automatic means including electrical circuits
having -interlocking elements therein that pre-
vent concurrent action of sald different members
of the machine.

4. In & machine tool of the rotstable work-

supporting multi-spindle station type, the combi-.

nation of g to dnd frec moving tool carrier, a single
hydraulic means for moving the carrier tc and
fro relative to work on the spindles, means for
indexing the spindies from stailon to station,

‘and automatic means for controlling the action of

the hydraulic means and the indexing mieans,
said automatic means Including electricslly actu-
ated interlocking elements and sctuated a2t pre-
determined positions of the tool carrier and said
indexing means to prevent comcurrent action of
said carrier sand seid indexing mesns. )

8. In & machine tool having a work-holding
spindle, the combination of 2 to and fro moving
tool carrler, hydraulic means including & pres-
sure-receiving pistom for moving the carrier to
and Iro relative to work on the spindle, and auto-

‘matic means for conirolling the action of the

hydraulic means, said hydraulic means including
a single source of high and low pressure supply,

~and high and low pressire clrcuit connections

from the pressure supply source o opposite sides
of said pressure-recelving meens, s metering
pump in saild high pressure connection and valve
means in one of sald connections snd controlied
by the movement of sald earrier for rendering the
functional operations of sald metering pump ef-

6. In a mechine tcol having & work-holding
rotateble spindle, the combinsiion of & to and fro
moving tool carrier, hydraulic means for moving
the carrler to and fro relative to work on the
spindle, -automatic means for conireliing the
action of the hydraulic mesns Including high
and low pressurs supply mesns and means for
controlling the high pressuve supply in o fived
relation to spindle speed and includes s metering
pump operatively confrolled by the spindie and
further including high and low pressure civcult
connections from the pressure supply means to
said pressure recelving means, and valve mesns
controlling said pressure cireuit conneeotions,

7. A machine teol comprising o rotateble work
spindie, & to and fro moving {ool carvier, hy-
draulic means for moving the cerrier to and fro
reiative fo work on the spindle Including a cyi-
inder and pision, said hydraulic means including
high and low pressure supply means, and menns
that control high pressure supply in fizved relg.-
tion to spindle speed, whereby. ratio of spindle
revolution and tocol feed Iz mainttined, such
last-mentioned means includivg » metéring pump
operatively controlled by the spindle,

8. A mechine tool comprising o work rotatable
spindie, & to and fro moving {ool carrler, hy-
draulic means for moving the ceirier io and fro
relative to work on ihe spiadie snd including a
cyllnder and piston extending amially in the

_@lrection of movewment of the tosl csrrler, spid

hydraunlic means including high and low pressure
supply means and means that control high prege
sure supply In fixed relation to spindie speed,

whereby ratio of spindle revolution and tool feed
is mesintained, -such last-mentioned means in-
cluding a metering pump operatively controlled
by the spindle and an operative connection be-
tween said pump and the spindle.

9. A machine tool as in claim 6 further char-
acterized by the fluid low pressure connection
being such as to operate the tool carrier in-idle
motions thereof, and the fluid high pressure to

‘operate the working movement of the tool carrier.

'

10

10. A machine tool as in claim 5 in which the °

metering pump is driven synchronously with the
spindle. ’

11. A machine tool as in claim 1 in which the

hydraulic connections include a high and low
pressure source -of supply adapted to supply low
and high pressure, respectively, at opposite sides
of the piston, and the metering pump being in
the high pressure connection between the pres-
sure supply source and the piston, and valve
means In the hydraulic means and controlled by
said automatic means for selectively rendering
the operation of said pressures effective or inef-
fective. ‘

12. In 2 machine tool having a work spindle or
spindles and a to and fro moving tool carrier or
carriers, means for rotating the spindle or spin-
dles, hydraulic means for moving the carrier or
carriers to and fro relative to work on the spin-
dle, said hydraulic means including a metering
pump driven synchronously with the spindles,
and electrically actuated automatic means for
controlling the action of the functional operation
of the mefering pump and of the hydraulic means
to effect said to and fro movement of said carrier
or carriers in timed relation with the movement
of said carrler or carriers, said automatic means
including electrically sctuated interlocking ele-
ments that prevent concurrent action of said dif-
ferent functional operations of said hydraulic
means.
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13. In a machine tool, & rotatable work-sup-

- porting spindle and a tool carrier reciprocable to

and from the work om the spindle, a driving
means for rotating said spindle, hydramiic means
for feeding the carvier toward the work on the
spindle, Including = Awd supply having 2 meter-
ing device therein, means actuating the meter-
ing device synchronously with the spindle, where-
by the feeding movement of the carrvier may be
maintained in constant ratio with the rotation of
the spindle, 2 valve connecied with sald Fuid
supply and in one of its positions by-passing said
metering device and in ancther of its positions
releasing said pressuve, means for moving the
carrier away from the spindies when said valve
is in its last mentloned position, and operatively
connected interlock means. whose function is de-
termined by the position of said carrier and 'said
valve for lnsuring the desired sequence of opera-
tioh of the machine. .

i4. In o machine tool having a work rotatable
spindle and a {0 and fro moving tool carrier, hye-
draulic means for moving the tool carrier to and
fro relative to work on the spindle, cemprising
pressure circuits for moving the carrier in one
direction, one of said circuits moving the carrier
in fived ratic with the spindle speed, and anocther
circuit for moving the carrier in an opposite gi-
rection, a cylinder and a piston therein, and finid
connecticns extending from a hydraulic pressure
source conneching the first sald circuits to the

-cylinder at one side of the piston and to connect

the last said clveult io the other side of salg pis-

ton, such hydraulle clrcuits including o condrol
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valve, electrical means for moving said valve in
opposite directions to change the direction.of flow
through said first hydraulic circuits, said electri-
cal means including switches operated by the
movement of said valve for opening and closing
an operating circuit forming a part of said elec-
trical means, and means for rendering sald elec-
trical means effective when said carrier is in cer-
tain of its positions. :

15. A machine tool having a work spindle and

& to and fro moving tool carrier, hydraulic means

for moving the carrier to and fro relative to work
on the spindle and comprising a cylinder and a
piston therein and fluid connections with the cyl-
inder at both sides of the piston, and such con-
nections including a control valve, electrical
means for moving sa'i valve in opposite direc-
tions to change the dir .“ion of fluid flow through
the hydraulic connecticus, said electrical means
including switches operated by the movement 6t
said valve for opening and closing an operable
circuit forming a part of said electrical means,
and means for rendering said electrical means
effective when said .carrier is in certain of its
positions, the electrical means comprising means
operated by the tool slide at the end of its work
performing stroke for causing operation of said
control valve to exhaust the work performing
feeding pressure from said piston and enabling
pressure on the other side of the piston to move
the piston in opposite direction for reversing
movement of the tool carrier, and hand re-set
means for operating said control valve to supply
work feeding pressure to said piston.

16. A machine tool having a work spindie and
a to and fro moving tool carrier, hydraulic means
for moving the carrier to and fro relative to work
on the spindle and comprising a cylinder and a
piston therein and fluid connections with the cyl-
inder at both sides of the piston, and such con-
nections including a control valve, electrical

means for moving said valve in opposite direc- -

tions to change the direction of fluid flow through
the hydraulic connections, said electrical means
including switches operated by the movement of
said valve for opening and closing an operable
circuit forming a part of said elecirical means,
and means for rendering said elecirical means
effective when said carrier is in certain of its
positions, a device responsive to pressure on the
work performing side-of said piston when the
tool slide has reached the end of its work per-
forming stroke to close a circuit controlling the
movement of said control valve, whereby when
said circuit is closed said control valve is operated
to exhaust the pressure on the work performing
side of the piston, and-a hand re-set means for
causing said control valve to be actuated to again
establish pressure on the work performing side of
said piston. ) ) :

17. In & machine tool as set forth in claim 14

further characterized by means operated by the-

tool carrier in different positions of its move-
ment toward the spindle for actuating said con-
trol valve whereby the rate of speed of movement
of the tool carrier may be varied. - )

18. In a machine tool having a work rotatable

spindle, a to and fro moving tool carrier, means -
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for rotating the spindle, hydraulic means for
moving the tool carrier to and fro relative to a
work plece on the spindle, said hydraulic means
comprising a pressure line for feeding the carrier
toward the work in fixed ratio with the speed
of the spindie and another pressute line for feed-
ing the tool toward the spindle at faster speed;
means for moving the tool carrier away from the
spindle subordinate to said hydraulic pressures in
said lines, a valve connected with said pressure
lines and having ports therein for controlling
the supply from said pressure lines to change the
speed of movement of the work carrier toward
the spindle as well as for relieving the forward
feeding pressures to render them ineffective for

moving the tool carrier, means for moving said.

<

10

15

valve to its various positions including means -

controlled by the position of said tool carrier in
its forward movement, whereby either one of said
pressure lines may be made effective, and auto-
matic means rendered effective_when the tool
slide is at the end of its work performing move-
ment for shifting the valve to relieve said feeding
pressures, whereby the tool carrier is moved away
from the spindle.

19, In a machine tool as set forth in claim 18

20

25

further characterized by indexihg means for ro-

tating parts of the machine to effect relative
movement between the tool carrier and the spin-
dle for shifting relative positions of the same,
means for actuating the indexing means, means
actuated by the tool carrier when in a predeter-
mined position of its reverse movement away
from the spindle for rendering operable said in-
dexing actuating means, means actuated by the
movement of the indexing means for.rendering
the above stated functions of the machine inop-
erative during the operation of the indexing
mesans, and & hand re-set device for operating
said control valve to supply a pressure for mov-
ing the tool carrier toward the spindle after the
indexing operation has taken place. )

~ 20. In a machine tool having a work rotatable
spindle, a to and fro moving tool carrier, means
for rotating the spindle, means for moving the
tool carrier to and fro relative to a work piece on
the spindle including a hydraulic . cylinder and
piston, a source of low pressure fluid supply con~
stantly connected to the cylinder on the side of

the piston which will cause the piston to move.

in a direction to retract the tool carrier from the
spindle, a source of high pressure fluid supply,
means for connecting the source of high pressure
fluid supply with the opposite end of the cylinder
on the side of the piston which will cause it to
move to advance the tool carrier toward the spin-
dle, a metering device-in said high pressure line
driven synchronously with the spindle speed
whereby the high pressure fluid may be fed to the
spindle in metered amounts for performing work,
a by-pass in the high pressure line whereby the
metering valve may be shunted and high pressure
fluid delivered to the cylinder in unmetered
amounts for causing rapid movement of the tool
slide toward the spindle, and means for control-
ling said by-pess. :
MYRON S. CURTIS.
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