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The invention relates to machine tools, where 
in there are coacting work-piece carrying net 
bers and tool carrying members. 

In the production of the invention, have 
adapted or embodied it in a station type nulti 
ple Spindle machine, such as fors the Subject 
of my joint copending application No. 542,56 
and, because of special advantages in such a 
machine of that type, I illustrate, and describe 
the inventior with that type of machine, but this 
is by Way of exemplification of Astration of 
the invention and not limitation or restriction of 
the Scope thereof. V 
One of the particular objects of the invertior 

is the hydraulic operation of the too slides, so 
that in a machine of the work-carrying spindle 
type, there will be such control of the pressure, 
especially for tool feed, that the ratio of too feed 
to Spindle revolution will be maintained at a 
times. 
Other objects and advantages of the invention 

will be evident from the description which is giver. 
in the following specification. 
The invention consists in whatever is defined 

by or is included within the terms or scope of 
the appended claims. 

In the drawings: 
Fig. 1 is a longitudinal section of a machine 

embodying the invention; 
Figs. 2, 3 and 4, are respectively, views of the 

hydraulic feed mechanism, with the operating 
valve in three different positions; . 

Fig. 5 is a diagrammatic view of the electrica 
control and interlocks; 

Fig. 6 is a diagrammatic view of an alternative 
hydraulic system; 

Fig. 7 is a diagrammatic view of the electric 
Connections and interlocks for operating the hy- . 
draulic system shown in Fig. 6. 
The embodiment of the invention appearing 

in the drawings has the desirable characteristics 
in a machine in which the tool slide or sides are 
hydraulically operated, the fluid under high and 
low pressure is furnished to the side operating 
mcchanism from an outside source, the high 
feeding pressure accurately nettered in relation 
to the Spindle rotation of the machine for the 
purpose of feeding so that the feed is synchro 
nous with the Spindle revolutions; the hydrat:lic 
operations are under remote electric contro; and 
feed control, and control of other functions of 
tha machine are interlocked. 

For the purpose of sixplifying illistiatics: g: 

55 
drawings and descriptic. of this specisication, 
the parts of the machine ilustratei in že 33 

on the tube 89 and fastened to the carrier 54 by 

coinpanyiang drawings which are sinilar to or 
correspons with those of the aforesaid applica 
tion, will be given the same reference numerals 
Which are used in that applicatior. 
Referring to Fig. 1, base SS has boited to it in 5 

algnne spire ºg’rier ºsing šº, gear hous 
ing 38, and a rea; hot sixg 53. Housing 56 has 
revolvably located in it, spindle carrier 58 pro 
vided wits an egal piste 35 and carrying Suitably 
supported in it a giurality of work carrying spin- 0 
dies 56, preferably spaced around the axis of the 
carrier gé. Spindle carrier 53 may be indexed 
ir B step by se žarner by motor SS (see Fig. 
5) which rotates sisit; carrying worn 666, 
(Fig. i.) neshing with a worm gear 98 on an in- 15 
dex disk S. ’n disk. Si carries a roli 95 which 
successively engages irra equai-spaced slois 8 pro 
vided in the spindle carrier and plate SS after 
LLL GLLLG0LLLLLLL LLLL kLLL DDLL LLLLLLL LLLLLLL GLLLGLLGLLS 
The spindle carrier 66, wien thus indexed, is 20 located and securely cianped by locking pins 2. 
Spindles ?? ºre driven by (mo?or #22 (see Fig. 5) 
connected with chain sprocket 25, and from 
the latter through a set of change gearing (gears 
28, 30 and 39, pinion 33 and double gear 33 25 
and 6, pinion S6, shaft, 53, clutch 66 which drives 
gear 5 on the spindie 56) shown in Fig. i. there 
being parts 66, 39, 66 for each spindle and each 
spindle may be stopped and braked, while at 
the loading station, through internal cone 580. 
clutch pinion S8 and fixed external cone 58b. The 
method of diriving the spindles, clutching and 
declutching the same, operating the Work hold 
ing gitures or chucks 3536 and indexing and 
clamping the spinde carrier Sé are all fully de 
scribed in said copending application 542,156, 
and form no part of this invention. 

Carrierº 3 ?i has axially boited to it a, tube 8 ?i by 
means of a finged collar 96 shrunk or Weided 
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35 

4? 
bolts 3 G. Sidable on the tube 89 is to carrier . 
93, Which may be slid back and forth on tube 89 
by thimble 46 fastened to rod 45 for the pur 
pose of performing work, this notion being in 
par?ed from rod (64 $ to slide 93 for the purpose 
of reciprocating the latter. Slide 93 carries nec 
essary tools for cperating upon work-held in fix 
ties or chicks 356 and Rinay have mounted there 

g rotary too holdier, 24. The 
indi operation of carrier '93 and 
er sk are fully described in my 

{a;p?#{38 tion ºrid, 8S t?hey form n? part 
23, ... do not further describe the 
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2 
208 and 209 which carry cross sides 20 operated 
by cam 23 through cam roll 22, as described in 
my said copending application. 
Cam 23 has clutched to it spur gear 0 with 

which teeth of rack bar f mesh. Rack bar , is 
fastened to main tool slide 93 so that, as the 
latter advances and returns, rack bar and gear 
oscillate cam 23, and thereby advance or re 
turn cross slide 20. Thus, the cross slides as 
Well as main tool slide 93 receive their motion 
from the primary operating rod 45. 

Fastened to one end of rod 45 is piston 2 
slidable in cylinder 3. 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 fS, cut-off valve 6, and 
pipe 7 to the return end of cylinder f3; and it 
also furnishes fluid under high pressure through 
pipe 5, stop valve 6, pipe 9, to metering pump 
20 and thence through pipes 2 and 22 to the 
feed end of cylinder 3. The cut-off valve 6 
simultaneously connects or disconnects the high 
and low pressure with or from the machine. A 
branch pipe 23, leads from pipe 9 to control valve 
24, another branch pipe 25 leads from pipe 2 to 
control valve 24 and a pipe 26 leads from control 
valve 24 to the drain. 

Control valve 24 contains a piston valve 2. 
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 f S, pipe 
9, pipe 23, through valve 24, pipe 25, pipe 22 to 

the feed end of cylinder 3 in large volume. It 
also flows from pipe 9, to pipe 2, through 
metering pump or valve 20. Low pressure fluid 
is always supplied to the return end of the cyl 
inder 3 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 - 2, and consequently the slide re 
ciprocating rod 45, is advanced rapidly in the 
direction of the arrow in Fig. 2, thereby advanc 
ing rapidly main slide 93 and cross slides 20 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 3, 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 34, see Fig. 1, and 
Consequently metering pump 20 rotates in syn 
chronism with the spindles 56, because pump and 
Spindles are geared together). High pressure is 
now Supplied in a small metered amount to the 
feed side of piston 2 (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 f42, 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. 

2,118,025 
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 3. The time for piston 35 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 Fig. 4. The feed side of cylinder f3 is 
now connected directly with drain pipe 26 
through pipes 22 and 25, and all pressure on the 
feed side of piston f2 is removed. As low pres 
Stre is maintained on the return side of the piston 
2, 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 Flg. 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 mainline and the terminal Dis 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 279 operates spindle 

motor 22 and contactor 289 operates high speed 
drill motor 26, through push buttons 28 and 
288; and a cultout switch 290 is furnished for con 
tactor 289 in the same manner as in said Copend 
ing application, and therefore requires no further 
explanation. 
The contactor 294 controls index motor 99 

the functions of this motor being to revolve index 
disc 96 which 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 
side 9. For this purpose I provide on index 
disc 96 a dog 3OT which operates plunger 39, 
thereby operating switches 325, 326 and 327 so 
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that, when disc 96 has completed all the functions 
incidental to indexing the spindle carrier 54, the 
dog 307 pushes plunger 319 fn, switch 327 first 
closes circuit 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 
307 moves away from plunger 39, it permits the 
reverse operation to take place-namely: Switch 
325 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 436 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 panel 279 reiays 44 , 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 447, a slow ahead hand switch 448, 
and a reverse hand Switch 449. 
The machine illustrated 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, 4, 448 and 
449. It must be made impossible to index the 
spindle carrier except when the too side 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 30 
has pushed in plunger 39 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 in contactor 435; 
thence to connection I in contactor 294, through 
thermally operated safety switch 35 and solenoid 
34 to connection D, thus forming a circuit 
through solenoid 34, energizing the same and 
closing motor switch 3 f6, 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 44 con 
nects A1 and E. and if index push button 446 is 
not depressed, but is in the position illustrated, 
current flows from A1 to E, thence to E in relay 
44, through solenoid 45 to D, thus completing 
a circuit, through the solenoid and closing 
switches 45 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 
44f, 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 39. This completes the circuit through 
solenoid 28, thus operating valve 2 to the posi 
tion shown in Fig. 2 and starting the slide fast 
ahead. The pulling of valve 27, to the left by 
solenoid 28, causes the valve rod to operate 

5 
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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 A1 and A2 thus cutting off current from 
the reverse Switch 449, then completes the con 
nection between A3 and K if switch 449 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 457. 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 switch 456 to K. and thence 
through coil 455. Switch 457 completes a circuit 
from A to Q in relay 443. thence to Qin hydrau 
lic panel 453, thrnugh solenoid 29 to F. and if as 
before switch 326 in contactor 36 is closed. 
through to D. This completes the circutt through 
solenoid 29, thus energizing the same and hv 
means or rod 30. lever 3 acting on collar 27, 
moves valve 27 to slow feed position shown in 
Fig. 3. Movement of rod 30, also causes switch 
A58 to break a holding circuit between A and P, 
thus de-energizing solenoid 4.55 and allowing 
switches 456 and 45 to open. . 

Depressing push button 449 closes the circuit 
between A2 and L, in panel 280, if switch 448 is in 
its inoperative 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 46 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 46 completes a circuit 
between A and N, thence to N in hydraulic panel 5 
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 2 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 46 
to Open. 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 the indexing of the 
spindle carrier 54. At the completion of the in 
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25 
dexing, the tool slide 93 starts forward on the . 
fast motion until the tools reach the work, when 
a dog 437 on the tool slide trips the hydraulic 
feed into slow ahead work-operating movement. 
When the side 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 cycle 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 39 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 32 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 34 and closing 
switch 36. The closing of Switch 36 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 44 and closes 
switches 45 and 452. As G is connected with 
A on hydraulic panel 453, closing of switch 45 
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permits a holding circuit to go through coil 
450 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 36 also starts motor 99 re 
volving to index disc 96 which moves dog 30 
away from plunger 319. This allows the plunger 
39 to automatically move (to the right of Fig. 5) 
first, to close switch 325 connecting A with 
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fore, index disc 96. 

4. 
S, thereby maintaining a holding circuit through 
the index solenoid 34 by connections II; 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 32T, 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 39 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 39 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 3f4; and allowing switch 36 
to open, stopping indexing motor 99, and, there 

This operation of the switch 
3f6 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 
Cali Ses current to flow from A to T of contactor 
294, from T to H of relay 44, 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 27 
into the fast ahead position shown in Fig. 2. 
This movement of the valve 27 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 44 f, 
allowing switches 45 and 452 to open, and de 
energizing solenoid 28. The slide 93 now feeds 
fast ahead until 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 45 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 
457 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 that it shifts 
valve 27, by means of lever 3 acting on collar 27a. 
to slow feed position shown in Fig. 3. This move 
ment of rod 30, also opens switch 458 on the hy 
draulic panel 453, breaking the holding circuit 
between A and P, allowing switches 456 and 457 
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 35 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 444, closing switches 460 and 46 f. As A is 
connected with M by Switch 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 46. 
of relay 444 completes a circuit between A and N 
of relay 444, thence 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 2 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 5 and 7 to the 
cylinder 3 thus rapidly returning the piston f2 
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. The closing of switch 465 
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 34 on contactor 29, 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 44f 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 467 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 473 to the 
right hand or ahead side of cylinder 3a, and the 
left hand side of cylinder 3a is connected by 
pipe 474 with the exhaust. This causes piston 
2 to be moved rapidly in the direction of the 
arrow and its piston rod 45 moves main tool slide 
93 rapidly in its ahead direction. When the tools 
reach the work, solenoid 29a (Figs. 6 and 7) ener 
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gized and the solenoid core 4, through lever 
47 pivoted on stud 47, will engage collar 48 
on rod 479 throwing valve rod 468 to place the 
Valve 67 in feed Work-operation position. In 
this position, the right hand side of cylinder 3a . 
is connected with the variable feed high-pres 
sure pump through pipe 473, and the left hand 
Side of the cylinder is connected with the Con 
stant low-pressure through pipe 474, the differ 
ence in pressure causing piston 2a, 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 473 and consequently in valve 486, 
through branch pipe 48, until it is sufficient to 
overcome the resistance of spring 482 which holds 
ball valve 483 in its seat, spring 432 being cali 
brated to withstand any pressures necessary dur 
ing work operation of the cutting tools. Liquid is 
then forced through pipe 84 to the ieft 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 3, and valve $88 to the 
low pressure pipe 474 by the check ball valve $89 
in valve 488 and will lift from its seat under 
the pressure acting on piston valve 635 thus 
allowing valve 485 to be shifted to the right. 
This connects pipe 496 (which is always connect 
ed with the low pressure constant volume pump) 
with pipe 49 and causes low pressure to flow into 
chamber 492 of valve chest 87 and acts or piston 
493 on valve rod 468 to force it to the right, this 
moving the valve 46 and the handle 369 to neu 
tral or tool slide reversing positions as will in OW 
be described. 
Chamber 494 of valve chesi; 70, in Which pis 

ton 495 is disposed, is confected by mea ES of 
pipe 496 with drain pipe 39 through pilot valve 
486, so that piston 493 can move to its extreme 
right hand position. Piston (395 has a rod 498 
extending from it which abuts against piston 698 
(but is not fastened to it) so that pistor. 396 is 
moved by piston 93 in its novernent towards the 
right, but is left by pistox 393 when the latter 
moves to its extremne left; positio. 
Movement of piston & S3 to its extreme right, 

position throws valverodi (368 to place its valve 38 
in the reverse position, and in this position the 
left hand end of cylinder 3c2 is connected by pipe 
874 with the low pressure constant volume pump 
and the right hand end of cylinder S30 is con 
nected by pipe 43 with the drain through pipes 
48i, 384, pivot valve 886 and pipe 88. This causes 
piston 2a to rapidly move until it reaches its ex 
treme right hand position. Pressure then starts 
to build up in pipe 63 until it is alie to lific ball 
$99 against the pressure of spring 399 in wave 
488, this spring being of sufficient teision à to re 
sist the pressure necessary to return the tooli 
side to its extreme rear position. 
pressure is sufficient to lift valve 589, Rae faid 
flows through pipe 339 to the right asid side of 
valve 485 in pilot valve body (386 and as the left, 
hand end of this valve is 50W coxa aected Wya lae 
drain through pipe 886, valve (339, pipa (336, at 
pipe 473, valve $85 is shifted to its extreme leg; 
position. Chamber 92 is now connecte: oy pilot 
valve 486 with the drain through piges 39 and 
49, and low pressure is applied to charaoer 394 
from pipe 98 through pilot valve J8F Brad pige 
496, causing piston 695 to move to its extrerae 
left hand position. As piston 895 has only half 
the stroke of piston 93, it forces the latter and 
therefore valve rod 468 is to neutral position 
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where all pipes are filled with the same low pres 
Sure, and piston 2a remains stationary. 
The cycle can now be restarted by throwing 

valve 468 into the fast ahead position either by 
hand, or automatically by energizing solenoid 
28ö? 
Now it will be described the automatic op 

eration in connection with Fig. 7. It will be 
noted that the terminai connections are lettered 
and, as in the other case, connections that have 
similar letters are always electrically connected 
arid, as in the other embodiment of our inveni 
tion, panel 29 has the contactor 26 which op 
erates spindle motor 622 and a contactor 289 
which operates high speed drill motor 26. These 
Onotors are operated by start and stop buttons 28 
2nd 233 in panel 280 and contactor 289 may be 
connected or disconnected from these push but 
tons through switch 289. As the operation of 
these contactors does not formany part of this 
invention, no description thereof is necessary 
This circuit is, like the preceding one, capable ot 
inand Ir autor Attic-contro. - 
To index the spindle carrier Sé by hand, a push 

button 466 (on push-button panel 288) degressed 
and first disco anects A, and A, thus preventing 
hand operation of the tool slide while indexing is 
taking place; push button 846 then connects A 
and S completing a circuit to S on side panel 
435 and through Switch 334 to , if tool slide 
93 is in its extrerae rear position, so that dog 
(333 closes switch 34; thence to it on contactor 
É335, through therrnal safety Switch 35 on con 
tactor 294 and solenoid coil 34 to D. This en 
ergizes coil 38, which operates switch 3A 5 start 
ing Knotor 99, which continues to run as long as 
button (46 is depressed and stops upon the re 
lease of Said tatton, AS SOOR as index motor 99 
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starts to revolve, index disc 96 naoves away from . 
plunger 39 allowing switch 326 to break the 
connection between D and F on gaine: 365, pre 
venting seed being operated winiie the indexing 
ås koeing perforraedi. 
To start the Rihachine or fast Inotion, push 

button (343 is depressed, whica first, beaks the 
connectic from A1 to A t?As prev&nting tine 
slow speed SWitch 333 frozen being operated end, 
tem coalected. Aº vitia E, if the tool-side Sovy 
feed pash button 888 is in its uptir2rd or release 
position. This coxapletesa, circuit frox. A to 8, 
thence to }; on Irel2? ?}{3!, through coi} ?38 to L}, 
thus energizing coil 956 which closes switches 
85; and 652. Closing syyitch 85 completes a 
holding circuit through coil 3.5G (if G is connected 
With A Cin the hydraulic pagnel 353, and the clos 
ing of switch 352 connects T with E. and as T is 
cox (Rected with A in contactor 293, current flows 
to E. On the hydraulic page 353, thence through 
Soleroid 23 to F, the ce to Fº on pa 2 el 36, 
Šhi?ough Svºjiých 326 to 53. Tinis energize:S což2 2Šg. 
causing it to move valve plunger 453, by meats 
of rod 379 and lever 468, to position 369 for 
stairing the fast ahead tool-side feed. Rod 5' 9, 
Sls( &t the era of its Kaovement last mentioned, 
Opératies Sv7itch 353 koreakizag the circuit betWeen 
A 2.É.6 G. tails de-energizing coil 3:3 axnd allowing 
SWitchºs 884, agld 882 to op89, the opening of the 
latter &8-e?ìëfgiºi:Ig c??? 26}{3. 

the slow tool-slide feed is operated by push. 
butto: 843 which, when depressed, irst breaks 
Gikae GirCUAit koetween AA an di A3 ithuas prevernatig 
tie operation of the Knigh speed push, button ?4; 
22nd ther connects A3 with 3, if plash button (33 
is Eh its in operative released or upward position. 
This coasietes a circuit catween A and E and 
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current passes to K on relay 443, through coil 
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 
457 completes a circuit from A to Q, thence to 
Q on the hydraulic panel 453, through coil 29a 
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 475, lever 476 and 
collar 478-to operate rod 479 a sufficient distance 
so that it pulls handle 469 into the slow ahead 

... position. The operation of rod 475 also causes 
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switch 458 to open, breaking the holding circuit 
through coil 455 allowing switches 456 and 457 
to open, the opening of the latter deemergizing 
Solenoid 29a. 
When reverse by hand is desired, it is accom 

plished by means of hand lever 469. 
The automatic cycle is similar to that herein 

before described and is accomplished thus: AS 
Sunning 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 39 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 
465 connects A with S causing a current to flow 
to S on tool-slide panel 435, thence to III, back to 
I on contactor panel 294, through coil 34 to D, 
thus energizing coil 34 and throwing switch 3 f6. 
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 45 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 
Tbut, as this circuit is broken on contactor panel 
294, no action takes place. As soon as the index 
ing starts, dog 30 moves away from plunger 
39 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. 34; then causes switch 326 to break the 
circuit between F and D, preventing any operation 
of the tool-slide feed, while indexing is taking 
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 
65 to Open, the latter breaking the starting cir 

cuit through coil 34. 
As the indexing finishes, dog 307 again pushes 

in plunger 39 against its bias, first, connecting 
A with R by switch 327, 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 
34, de-energizing the same and allowing switch 
36 to open, stopping the index motor 99. The 
opening of switch 3 f6 also causes switch 467 
to break the starting circuit through coil 45 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 

2,118,025 
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 44, al 
lowing switches 45 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 
437 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 457. Closing switch 456 
Completes a holding circuit through the coil as A 
is connected with P in panel 453 and the closing 
of switch 457 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 
29a and by rod 475 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 457 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 48 f as hereinbefore explained. The 
slide 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 442 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 36 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 442, connection is not made between 
A and Sin 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 automatic 
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 hydraulic means including a 
cylinder with piston fluid pressure connections 

i communicating said hydraulic means on both 
sides of the piston, a metering pump in at least 
one of said connections, and means for operating 
Said Inettering 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 
ea.S. 
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 frorelative 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 
cluding a circuit having operating connections 
with a movable element of the hydraulic means 
and with a power-moved machine element that 
controls such circuit. 

3. In a machine tool of the rotatable work 
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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 wave for opening and closing 
an operating circuit forming a part of Said elec 
tical means, and means for rendering said elec 
trical means effective when said carrier is in cer 
tain of its positions. 

15. A machine tool having a Work spindle 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 sai valve in opposite direc 
tions to change the dir ion of fluid flow through 
the hydraulic connections, Said electrical means 
including switches operated by the movement dif 
said valve for opening and closing an operable 
circuit forming a part of said electrical near as, 
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 t0 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 electrical means, 
and means for rendering said electrical 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 side 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 a 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 coa 
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 

2,118,025 
for rotating the spindle, hydraulic means for 
moving the tool carrier to and fro relative to a 
work piece 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 spindle and another pressure 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, 
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 
further characterized by indexing means for ro 
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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 
means, and a 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 fromoving 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 
die, 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-pass. 
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