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HYDRAULIC APPARATUS FOR OPERATING
MACHINE TOOLS AND THE LIKE

William P. Muir, Mo\ntreal, Quebec, Canada, as-
signor to Dominion Engineering Works, Lim-
ited, Lachine, Quebec, Canada :

Application April 12, 1938, Serial No. 201,576
8 Claims. * (Cl. 121—45)

This invention relates to hydraulic apparatus
for operating machine tools and the like.

The said apparatus is characterized by a novel
mode of operation which comprises applying

5 pressure to move the tool in a given direction;
increasing said pressure when the tool has trav-
elled a predetermined distance, and utilizing the
incressed pressure to reverse the direction of
travel of the tool. This method may be applied

10 to effect either immediate or delayed reversal of
the tool in response to the rise of working pres-
sure acting thereon. In the case of immediate
reversal the increased pressure is preferably uti-
lized to open a normally closed passage leading

15 to a reversing valve which then operates in direct
response to such pressure to establish hydraulic
connections resulting in reversal of the direction
of travel of the tool. In the case of delayed
reversal, operation of the reversing valve by the

+y increased working pressure is prevented by an
opposing hydraulic pressure until the travel of
the tool is halted by a mechanical ston. When
this occurs the opposing pressure is released or
decreased sufficiently to permit operation of the

25 reversing valve by the working pressure acting
thereon.

Hereto the movement of tables on machine
tools actuated by hydraulic means has been lim-
ited by the inabhility of the hydraulic system to

a0 control the movements up to a predetermined
point in the travel with absolute accuracy. The
control of reversal of travel of the table was by
means of cams reversing the main control valve
directly or through a pilot valve, and it has been

45 found impracticable to use a definite mechanical
stop for the table travel with the positive as-
surance that the table will contact this stop
every time and not reverse its motion until it
does so.

40 With the system described herein, definite as-
surance that the table will come to some positive

~ accurate stop so that it will be possible to mill,
plane or grind right up to a shoulder or radius
without leaving a relief or undercut for the tool

45 to work into and thereby eliminating the extra
operation to machine this relief or undercut and
the weakness to the piece entailed by the under-
cut.

Several samples of apparatus, illustrating dii-

50 ferent ways of effecting hydraulic operation of
machine tools or tables in accordance with the
novel principles of this invention, are shown ard
described in the present application. It will be
understood, however, that the principles involved

55 may be embodied in various other forms of ap-

paratus for operating machine tools, tables or
any other movable elements to which the inven-
tion is usefully applicable.

" In the preferred embodiment of the invention,
the working pressure moves the tool against an
opposing hydraulic pressure which is automati-
cally increased when the tool has travelled a pre-
determined distance. This increase of pressure
opposing movement of the tool causes a corre-
sponding increase of working pressure which is
utilized, as previously explained, to effect either
immediate or delayed reversal of the direction of
movement of the tool. When the increased
working pressure is to be utilized for effecting
immediate operation of the reversing valve the
increase of pressure opposing movement of the
tool by the working pressure merely serves io
cushion the movement of the tool toward the end
of its stroke and to cause the necessary increase
of working pressure. When reversal of the tool
is to be delayed until the tool is halted by a
mechanical stop the increase of pressure oppos-
ing movement of the tool is utilized to prevent
operation of the reversing valve by the increased
working pressure until such time as the tool actu-
ally engages the stop. .

A characteristic feature common to several
forms of apparatus disclosed herein is the ap-
plication of hydraulic pressure to move a tool
against a mechanical stop which, in addition to
halting the tool after it has travelled a predeter-
mined distance, also serves, by its resistance to
further movement of the tool, to promote estab-
lishment of pressure conditions resulting in hy-
draulic reversal of the tool. This employment
of a mechanical stop controlling both the work-
ing stroke and the reversal of the tool enables
the point to which the tool is advanced at the
end of the working stroke to be predetermined
within sufficiently close limits to meet the de-
mands of any operating conditions likely to arise.

As a general rule it is not necessary that the
return stroke of a hydraulically actuated tool
be controlled and predetermined within the same
close limits as the working stroke. Consequently,
apparatus provided in accordance with this in-
vention may be designed so that the travel and
reversal of the tool during a working stroke is
closely regulated by a mechanical stop, as pre-
viously explained, while the reversal of the toal
at the end of a return stroke is controlled solely
by an increase of the pressure then acting to
move the tool. In other cases, where the limits
within which both the working and return strokes
must be predetermined are fairly wide, the re-
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7i}_;'er.sa.l of the tool after it has travelled a prede-
termined distapce in elther direction may be

"made dependent solely on an automatic increase

of the pressure which is then acting on the tool.
In still other cases, where extreme accuracy is
required in respect to controlling both the work-
ing and return strokes of the tool, the latter may
be operated against a stop at each end of its
travel so that the resistance of the stop serves,
as previously explained, to control both the stroke
and the reversal of the tool within very close
limits. )

Proceeding now to a more detailed descrip-
tion reference will be had to the accompanying
drawings in which—

Figure 1 Is a view, mainly in vertical section,
of one form of apparatus by which the invention
may be reduced to practice.

Figures 2 to 4 inclusive are views similar to
Fig. 1 but showing other positions to which the
valves and other component parts are shifted
during operation of the apparatus.

Figure 5 is a vertical sectional view along the
line 5—F5 of Fig. 2. _

" Figure 6 is a vertical sectional view along the
line 6—6 of Fig. 2.

Figure 7 is a view similar to Fig. 1 but showing
a modified form of apparatus.

In the construction shown in Figs. 1 to 6 in-
clusive, 5 represents a work table such as the
table of a planer or milling machine. This table
is rigidly secured, as indicated at 8, to the piston
rods T and 8 of pistons 9a and 9b working in
cylinder 10. The left hand end of cylinder 10
communicates with a port {1 which is alternately
connected to fluid pressure supply passage {2 and
exhaust passage 13 through the agency of a re-
versing valve 4. The right hand end of cylinder
10 communicates with a port I5 which 1is alter-

' nately connected to passages 12 and 13 by the

valve 14. Passage 12 is connected to a pump
or other source of pressure fluid by pipe 8.
Cylinder port 11 is connected, through throttle
valve 1T and check valve 19, to valve port 2i
leading to reversing valve 4. Cylinder port 5
is connected, through throttle valve 18 and check
valve 20, to valve port 22 -also leading to re-
versing valve {4. Check valves {9 and 20 are
spring loaded to close against the valve seats
18’ and 20’. These valves open when the flow
is from the valve ports 21 and 22 to the cylinder
ports I1 and (5 respectively, but close when the
direction of flow through the cylinder and valve
ports is reversed. Throttle valves 1T and 18 are
normally biased to open position by valve springs
IT" and 18’ acting, respectively, against suitable
abutments 17a and (8a carried by the outer ends
of the valve stems #7b and 18b. When table §
approaches the end of its stroke in one direction,
an arm 28 acts against the outer end of stem
iTb to shift the throttle valve (T to the right
from the open position shown in Figure 1. Arm 28
is carried by a pin or shaft 28« rotatably mount-
ed in a suitable bracket 29. This pin or shaft 28a
is connected, by arm 30 and vertical link 31, to
one end of a horizontal link 32 having its oppo-
site end pivoted to a bracket 33. Link 32 is pro-
vided with a cam lug or projection 34 disposed
in the path of an operating cam 35 carried by
table 5. When the table § approaches the end
of its stroke in the opposite direction the throttle
valve 18 is moved inwardly or to the left by an
arm 28b fixed to a pin or shaft 28¢ journalled in
bracket 28a. This pin or shaft 28¢ is connected,
by arm 30c¢ and vertical link 3la, to the outer
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end of a horizonta] link 32¢ having its opposite
end pivoted to a bracket 83a¢. Link 32¢ is pro-
vided with a lug 34a disposed in the path of an
operating cam 3%a carried by the table.

Reversing valve 14 is slidably mounted in a
suitably ported valve liner 37 arranged in pas-
sage 3Ta intersecting the main cylinder ports 2
and 22; exhaust port 13; and branches 12¢ and
12b of fluid pressure supply port 12. The ends
of this valve are formed to provide operating
pistons 38 and 39 working in cylinders 40 and
41. The body portion of valve 14 Is provided
with annular ports 42, 43, 44 and 45. Port 43
is the port through which main cylinder port
i1 is alternately connected to exhaust port {3 or
to branch {2a of fluid pressure supply port (2
through valves {7 and 19 and port 2i. The port
44 is the one through which main cylinder port
1§ is alternately connected to exhaust port i3 or
to branch 12b of pressure supply port {2 through
valves 18 and 20 and port 22.

The positioning of reversing valve #4 is con-
trolled by a cylindrical pilot valve 47 slidably
mounted in pilot valve cylinder 48. This cyl-
inder is connected through port 50, valve 51 and
port 52 to the fluld pressure supply port (2.
Valve 51 is normally biased to closed position
by a spring 53 and is automatically opened when
fluid pressure in supply port 12 exceeds a pre-
determined value. The closing pressure applied
through spring 53 is regulated by adjusting screw
54. The ends of pilot valve cylinder 48 are also
connected to the main working cylinder ports
1f and {5 by suitable pipes 56 and §1. Revers-
ing valve cylinders 40 and 41 are also connected
to pilot valve cylinder 48 by pipes 59 and 60 and
passages 61 and 62, said passages opening into
cylinder 48 at points between the ends of the
cylinder and the central port 50. A port 64,
communicating with the extreme left hand end
of cylinder 48, is connected through a valve con-
trolled bypass to a port 65 formed in the cyl-
inder wall below and somewhat to the left of
the cylinder end of passage 6i. Cylinder 48 is
also provided with additional ports indicated at
67 and 68, the former communicating with the
extreme right hand end of the cylinder and the
latter being located below and slightly to the
right of the adjacent end of passage 62. Ports
64 and 65 are connected together by a three-
way valve 80 so arranged that when the valve
lever is turned to the right as shown, port 64
is blocked and port 65 is open through valve 80
to atmosphere. Ports 6T and 68 are similarly
connected by valve 81 except that valve 81, as
shown with the valve lever turned to the right,
affords direct communication between said ports
67 and 68. -

In describing the operation it will be assumed
that table 5 and pistons 9 and 9b are making
a working stroke to the right as indicated by
arrow Tl. In this case port {l of working-cyl-
inder 10 is connected to branch 12a of fluid pres-
sure supply port 12 through annular port 43 of
reversing valve 14 and valves IT and 9. The
remaining working-cylinder port 15 is connected
to exhaust passage 13 through annular port 44
of valve 14 and valve 18, valve 20 being closed by
its spring.

Reversing valve 14 is being held in the position
shown in Figure 1 partly by pump pressure act-
ing through branch 12b and valve port 45 against
the annulus X and partly by exhaust pressure
acting against the outer face Y of piston 39. In
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pressure in cylinder port 15 iIs transmitted to
the outer end of reversing valve cylinder 4!
through pipe §7, valve 81, port 68, passage 82 and
pipe 60. Since valve 81 1s closed there is no
pressure in cylinder 40 of reversing valve 14.
Pilot valve 41 is provided with ports 47e and 41b
and is held in the position shown in Fig. 1 by
pump pressure admitted to the left hand end of
pilot valve cylinder 48 by way of port |1, pipe
56 and port 64.

As the table 5 nears the end of its stroke in the
direction indicated by the arrow 711, cam 85a
acting through links 32a, 8fa and arm 28b serves
to partially close throttle valve 18 as shown in
Fig. 2. This restricts the flow from port 15 to
port 22 and causes an immediate rise in pressure
in port i and in the left hand end of cylinder
10 by the pump. There is a corresponding rise
of exhaust pressure in port {5 and the right hand
end of cylinder 10. The increased pressure thus
established in passage 12 is sufficient to open
valve 51 (Fig. 2) so that port 50 is placed in
communication with port 52. This permits the
pressure in passage 12 to be transmitted through
ports 52, 50, and 47a, passage 61 and pipe 59 to
reversing valve cylinder 40 where it acts against
the outer face Z of piston 38. There is no re-
versal of valve {4 at this time since the pressure
acting against the face Z of piston 38 is less than
the sum of the opposing pressures acting against
annulus X and face Y of piston 39, due to the
rise in exhaust pressure in port 15, pipe 57, valve
81, ports 68, 4Tb and 62 and pipe 60.

As piston 8b reaches the end of its stroke
(Fig. 3) and is held against further movement
by engagement of table 5 with the right hand
table stop 5a, the pressure in port I8 and revers-
ing valve cylinder 41 drops to the point where the
pump pressure acting against the face Z of piston
38 overcomes the pump pressure acting on an-
nulus X and becomes effective to shift valve 14
to the right as indicated in Fig. 3. In this con-
nection it will be noted that the pressure receiv-
ing area Z is larger than the area X. It may be
noted here that when piston 9a reaches the
position shown in Fig. 3 valve I8 is fully closed
so that port 15 is isolated from port 22.

When valve 4 reaches to the extreme right
hand position shown in Fig. 4 pressure fluid is
supplied to the right hand end of cylinder (0
through ports 12, 44, 22, 15, and valve 20 and is
exhausted from the left hand end of said cylinder
through ports 11, 2i, 43 and I3 and valve (1.
As cam 35a moves away from link 32a¢ on the
return stroke of piston 9 cushioning valve I8 re-
sumes its open position as shown in Fig. 4.

During the aforesaid reversal of valve {4 valve
51 closes and the right hand end of pilot valve
cylinder 48 is connected to port i2 through port
617, pipe 57 and ports 15, 22 and 44. Theleft hand
end of pilot cylinder 48 is simultaneously con-
nected to exhaust port 13 through port 64, pipe
56, port {1, valve 17, and ports 21 and 43. Pump
pressure is thus established in the right hand
end of cylinder 48 and acts to shift valve 41 to
the left. (Fig. 4.) This disrupts the communi-
cation previously established between pilot valve
cylinder ports 50 and 61 through piston port 47a
and places port 50 in communication with port
62 through piston port 41b as shown more par-
ticularly.in Fig. 4.

‘As pistons 8a and 9b near the end of their
return stroke cam 35 engages lug 34 and oper-
ates link 32 to shift cushioning valve {7 to the
right, thus throttling the exhaust through port

3

1. The resulting rise in pump pressure in port
12 opens valve &l so that port 50 is connected to
port 12 through port 52. - Since pilot valve 47 is
now in the position shown in Fig, 4, port 50 is
also connected to port 62 through piston port 41b
50 that pump pressure is established in cylinder
41 and acts against the face Y of piston 39 to
shift reversing valve 14 to the left. Since valve
80 cuts off port 64 and exhausts ports 65 and 61

through port 41a there is no exhaust pressure act- ,

ing against piston 38 in opposition to the pump
pressure acting against piston 39. Consequently,
valve 14 will reverse as soon as the pump pres-
sure in port 12 is increased by the exhaust throt-
tling action of valve 1T.

From the foregoing it will be seen that table §
operates against mechanical stop ba at the end of
the working stroke and against a hydraulic
cushion at the end of the return stroke. On the
working stroke the pressure conditions necessary
for operating the reversing valve are established
partly by the increased pump pressure due to
choking of the exhaust near the end of the work-
ing stroke and partly by the drop in exhaust pres-
sure which occurs in part of the system as the
piston is halted by the stop 5a. This arrange-
ment enables. the reversal of table 5§ at the end of
the working stroke to be predetermined within
very fine limits. On the return stroke the re-
versal is timed solely by the throttling action of
valve |1 which, in addition to providing a hy-
draulic cushion against which the table § oper-
ates, also causes the rise in pump pressure which
acts against piston 39 to reverse valve {4. This

method of effecting reversal of the table at the ™

end of the return stroke is satisfactory where it
is not necessary for the table to work to a fine
clearance at both ends of its travel. It will be
understood, however, that the return stroke of
table 5 may be adjusted, within limits, by chang-
ing the position of the cam 35.

If it is desired to have table 5 operate against
a mechanical stop at each end of its travel this
may be accomplished by providing the left hand
table stop 5b and reversing the position of valve
80 to provide a communicating passage between
ports 64 and 65, valve 81 being left in the posi-
tion shown in the drawings.. In this case throt-
tling of port {1 by valve IT ddes not result in
immediate reversal of valve {4 from the position
shown in Fig. 4. On the contrary, exhaust pres-
sure transmitted to the face Z of piston 38,
through pipe 56, valve 80, ports 47a and 61 and
pipe 59 serves, in conjunction with the pump

pressure acting against annulus X' (Fig. 4) to *

hold valve 14 against reversal until table § en-
counters stop 5b. When this occurs the resulting
drop in exhaust pressure acting against face Z
permits the pump pressure acting against face
Y of piston 39 to overcome the pump pressure
acting against annulus X’ and thus effect re-
versal of valve 14, Co

If it is desired to provide for instant reversal
of the table at both ends of travel without the
use of the mechanical stops 5a and 5b this may
be accomplished by leaving valve 80 in the posi-
tion shown in Fig. 1 and reversing valve 81 to a
position blocking port 671 and venting port 68 to
atmosphere. This prevents exhaust pressure be-
ing established in either of the cylinders 40 and
41. Thus any degree of accuracy in either direc-
tion may be had at the will of the operator.

Fig. 7 shows a modification in which provi-
sion is made for operating two tool slides alter-
nately. In this case cylinder ports Il and 15 are
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‘through ports 12, 11 and {5.

4

respectively connected to the outer ends of cyl-
inders 14 and 15. These cylinders contain the
working pistons 76 and 17 to which the tool slides
18 and 19 are rigidly fastened as indicated at 80.
The ports Il and- 18 are alternately placed in
communication with pressure supply passage 12
and exhaust passage 13 through the agency of
the main reversing valve |14 and pilot valve 48.
In this instance the cushioning valve {71 is omit-
ted from passage (1.

The pistons 76 and 71 are operated on their
inward or working strokes by high pressure fluid
pumped to the outer end of cylinders 74 and 15
On their return
stroke the pistons are operated by a relatively low,
constant, push-back pressure obtalned from a
separate source such as an air loaded accumulator
connected to the inner ends of cylinders 14 and

18. In Fig. 7 pipe 82 represents a push back pres- -

sure supply leading from the accumulator 82a.
This pipe is provided with branches 83 and 84
communicating with pressure chambers 85 and
86 formed in the cylinder heads 18a and 15a of
cylinders 14 and 15. Chamber 85 is in constant
communication with cylinder 14 through the port
87 and bore 88 of a hollow stop pin 89. This pin
is slidably mounted in cylinder head T4a so that
its inner end projects into the inner end of cyl-
inder 74. Chamber 85 and cylinder 14 are also
connected by a bypass 90 provided with a check
valve 91.

Chamber 86 is in constant communication with
cylinder T5 through the port 93 and bore 94 of a
hollow stop pin 95 slidably mounted in cylinder
head 15a so that its inner end extends into said
cylinder. Chamber 86 and cylinder 15 are also
connected by a bypass 96 provided with a check
valve 91,

The outer ends of pins 89 and 95 serve as piston
stops which fit into the piston recesses 16z and
T1a as the pistons 75 and 16 complete their work-
ing strokes, the length of which may be ac-
curately predetermined by lengthwise adjust-
ment of the pins 89 and 85 with reference to
cylinders 74 and 15. In the present instance each
stop pin is adjusted by means of an adjusting
screw {01 in threaded engagement with the wall
of the pin bore, said screw being keyed to a worm
wheel 102 which is held against longitudinal
movement in a gear casing 103 and is operated
by a suitable worm 104. The outer ends of pins
89 and 95 are also provided with lateral slots
89a and 95a¢ which serve to maintain restricted
communication between the bores of the pins and
the inner ends of cylinders 14 and 15 when the

pistons 76 and 17 are at the ends of their work- -

ing strokes. These slots are tapered so that they
decrease in width toward the inner ends of the
pins. :

The pilot valve cylinder ports 66 and 68 are
respectively connected to the inner ends of cyl-
inders 14 and 15 by pipes 104 and (05. The re-
maining pilot valve cylinder ports are connected
in the same way as described in connection with
Fig. 1, with the exception that ports 64 and 69
are both plugged as indicated at 1086,

In Fig. 7, piston 11 is shown at the end of its
working stroke, the outer end of cylinder 15 being

connected to the fluid pressure supply passage

12 through cylinder port 15 and reversing valve
port 44. As the piston is stopped by pin 95 the
pump pressure in passage {2 rises and opens valve
51 so that reversing valve cylinder 41 is placed in
communication with port 12 through ports 52, 50,
47b and 62 and pipe 60. Pump pressure is thus

2,223,792

established in cylinder 41 and acts against the
face Y of reversing valve piston 89.

Valve 14 does not reverse at this time because
the pressure in cylinder 41 is insufficient {0 over-
come the corresponding increase of the opposing
push back pressure which is transmitted from the
push back annulus 108 of cylinder 15 to reversing
valve cylinder 40 through pipe 105, pilot valve
ports 47a and 61 and pipe 59. In this connection
it may be explained that the escape of push back
pressure from annulus (08 is through the bore of
pin 85 and is choked or throttled as the inner end
of this pin enters the piston recess T11a. When
piston 95 comes to rest the extreme inner end of
the pin port 86a is still uncovered by the piston
and provides restricted communication between
annulus 105 and the bore of pin 85. By virtue of
this communication, the push back pressure in
annulus 108 drops to normal as soon as the piston
iIs halted by pin 95 and this drop is sufficient to
permit reversal of valve 4 by the pump pressure
acting against face Y of reversing valve piston 39.
When valve 14 is reversed fluid pressure is ex-
hausted from the outer end of cylinder 15
through cylinder port 15, reversing valve port 44
and exhaust passage 18. This permits the pis-
ton 17 to be operated on its return stroke by push
back pressure supplied to the inner end of cyl-
inder 16 through pin 96 and bypass 97. The pur-
pose of the bypass 971 i{s to speed up the return
stroke of the piston by permitting a more rapid
flow of the push back pressure into the cylinder
15 than would be possible if all the push back
pressure had to enter the cylinder through pin
85. The bypass 97 is not essential and may be
omitted where speeding up of the return stroke
is unimportant.

When valve 14 is reversed to connect cylinder
port 15 to exhaust passage 13, the cylinder port
{1 is connected to receive pressure fluid from
port 12 through reversing valve port 43. At the
same time the connections at the reversing valve
ends of pilot valve passages 56 and 57 are re-
versed so that passage 56 is now connected to
fluid pressure supply port 12 through cylinder
port 1 and reversing valve port 43 while passage
67 is connected to exhaust passage 13 through
cylinder port I5 and reversing valve port 44.
Pump pressure is thus established in the left hand
end of pilot valve cylinder 47 to shift pilot valive
48 to the right. This shifting of valve 48 disrupts
communication between pipe 105 and pilot valve
port 61 and establishes communication between
pilot valve port 62 and the pipe 104 which is con-
nected to the inner end of cylinder 14. The re-
versal of valve 48 also disrupts the communica-
tion previously established between pilot valve
ports 50 and 62 and places port 50 in communi-
cation with pilot valve port 61 which is connect-
ed to reversing valve cylinder 40 as previously
described. ] :

With cylinder port 5 connected to exhaust
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port 13 and cylinder port ({1 connected to pres- -

sure fluid supply port 12 by the described reversal
of valve I4 the piston 76 will make a working
stroke under pump pressure supplied through
passage Il as the piston 11 makes its return
stroke under push-back pressure supplied from
accumulator 82a through pipes 82 and 84, cham-
ber 86, pin 35 and valve 97, such push-back pres-
sure acting against piston 17 being increased to
some extent by the discharge from cylinder 14
into the push-back pressure system. The return
speed of piston T1 depends on the resistance of-
fered by the work to the tool carried by tool slide
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18. When piston 76 nears the end of its working

stroke the escape of the push back pressure:

through pin 89 is choked as the inner end of the

pin enters the piston recess 16a. The working -
stroke of piston 16 is thus cushioned and slowed’

down so that there is an immediate rise in both
the pump pressure and the push back pressure
in eylinder 14. The rise of pump pressure in port
12 is.sufficient to open valve 51 so that port It
is placed in communication with reversing valve
cylinder 40 through ports 52, 50, 47a, 61 and pipe
59, it being remembered that pilot valve 48 is
now in the opposite position to that shown in
Fig. 7. The pump pressure thus established in re-
versing valve cylinder 40 becomes effective to
shift valve 14 to the right when the opposing
push back pressure in reversing valve cylinder #1
drops to normal as occurs when piston 76 is halt-
ed by pin 89. In this connection it will be noted
that when pilot valve 48 is in the opposite posi-
tion to that shown in Fig. T the push back pres-
sure in annulus 110 of cylinder 16 is trahsmitted
to reversing valve cylinder 41 through pipe 104,
pilot valve ports 66, 47> and 62 and pipe 60.
When valve i4 is reversed to resume the position
shown in Fig. 7 the pilot valve 48 is also returned
to the position shown in this figure by pump pres-
sure acting through passage 57.

Having thus described my invention, what I
claim is:

1. Apparatus for operating a machine tool or
other translatable element by fluid pressure com-
prising means for applying working fluid pres-
sure to move said element in a given direction
against an opposing fluid pressure, means for in-
creasing the opposing pressure to effect a corre-
sponding increase of the working pressure when
the element has travelled a predetermined dis-
tance, and means for reversing the direction of
travel of the element in response to the increase
of the working pressure.

2. Apparatus for operating a machine tool or
other translatable element by fluid pressure com-
prising a mechanical stop, means for applying
fluid working pressure to move said element to-
ward said stop against the resistance of an op-
posing fluid pressure, means for automatically in-
creasing said opposing pressure to effect a corre-
sponding increase of the working pressure when
the element has travelled a predetermined dis-
tance toward said stop, means for reversing the
direction of travel of the element in response to
said increase of working pressure, and means for
preventing operation of said last mentioned
means until the element is halted by said stop.

3. Apparatus for operating a machine tool or
other element by fluid pressure comprising means
for applying working pressure to move said ele-
ment in a given direction against an opposing
pressure, means for increasing the opposing pres-
sure to cause a corresponding increase of the
working pressure when the element has travelled
a predetermined distance, means for reversing
the direction of travel of the element in response
to the increase of working pressure and means
for utilizing said opposing pressure to prevent
operation of the reversing means until the ele-
ment has travelled to a predetermined point be-
yond the point at which the pressure increase oc-
curs. :

4. Apparatus for operating & machine tool or
other translatable element by fluid pressure com-
prising a mechanical stop, means for applying
fluld pressure to move said element into engage-

5

ment with said stop against the resistance of an
opposing fluid pressure, means for increasing the
opposing pressure to cause a corresponding in-
crease of the working pressure when the element
has travelled a predetermined distance toward

sald stop, means for reversing the direction of .

travel of the element in response to the said in-

crease of working pressure and means for utiliz-
ing said opposing pressure to prevent operation
of the reversing means until the element is halt-
ed by engagement with said stop.

5. Apparatus for operating a machine tool or
other element by fluid pressure comprising a
mechanical stop, means for applying working
pressure to move sald element into engagement
with said stop against the resistance of an op-
posing fluid pressure, means for increasing the
opposing pressure to cause & corresponding in-
crease of the working pressure when the element
has travelled a predetermined distance toward
said stop, a reversing valve arranged to operate
in response to the increase of working pressure to
establish connections resulting in reversal of the
direction of travel of said element and means for
utilizing said opposing pressure to prevent the
aforesaid operation of the reversing valve until
the element is halted by engagement with said
stop.

6. Apparatus for operating a machine tool or
other element by fluid pressure comprising means
for applying working fluid pressure to mové said
element in a given direction against an opposing
fluid pressure, means for increasing the opposing
pressure to cause a corresponding increase of the
working pressure when the element has travelled
a predetermined distance and a reversing valve
arranged to operate in response to the said in-
crease of working pressure to establish connec-
tions resulting in reversal of the direction of
travel of the tool.

7. Apparatus for operating a machine tool or
other element by fluid pressure comprising means
for applying working fluid pressure to move said
element in a given direction, means for increasing
said pressure when the element has travelled a
predetermined distance, a reversing valve, means
functioning in response to the said increase of
working pressure for opening a normally closed
passage through which said pressure is applied
directly to the reversing valve to operate the lat-
ter to a position establishing connections result-
ing in reversal of the direction of travel of said
element and means for preventing the aforesaid
operation of the reversing valve in response to
the opening of said passage until said element has
travelled a predetermined distance beyond the
point at which the pressure increase occurs.

8. Apparatus for operating a machine tool or
other element by fluid pressure comprising a cyl-
inder, a piston working in the cylinder and con-
nected to said tool or other element, a reversing
valve through which fluid working pressure is
applied to one side of the piston to move the
tool or other element on a working stroke against
an opposing fluid pressure acting against the op-
posite side of the piston, a valve through which
said opposing fluid pressure is discharged from
the cylinder during the aforesaid movement of

. the piston, means for operating said valve to

throttle the discharge of said opposing pressure
from said cylinder when the tool has been moved
a predetermined distance on its working stroke,
said operation of the valve serving to increase
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said opposing pressure and to thereby effect an
increase in the working pressure acting on the
piston, a passage through which the working fluid
pressure is applied to shift the working valve to

effect a return movement of the tool at the end -

of the working stroke and a valve normally clos-

ing said passage and arranged to be opened auto- -
matically by the working pressure when the lat-
ter Is increased to a predetermined value by the
aforesaid increase of the opposing fluid pressure.

WILLIAM P. MUIR.




