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703,667, Dec. 18, 1957. Application for reissue
Dec. 20, 1960, Ser. No. 77,259

16 Claims. (CL

Matter enclosed in heavy brackets [ 1 appears in the
original patent but forms no part of this reissue specifi-

cation; matter printed in italics indicates the additions
made by reissue. :

HYDRAULIC LIQ-

267—1)

This invention relates to improvements in circulating
systems for hydraulic liquid between tanks and cylinders,
and refers particularly to such a system for delaying the
movement of pads in dies in mechanical presses. In
such a system relatively low pressure, say one hundred
pounds per square inch, which is constantly maintained
upon liquid in a tank, is exerted in the cylinder during
the opening of the press for moving the pad to its ex-
tended position, and during the closing of the press high
pressure, say several thousand pounds per square inch, is
exerted through the pad upon the liquid in the cylinder
to open a relief valve. While performing some press
operations, however, it is very desirable to retain the
pad in its retracted position until after the dies have
opened sufficiently to free the workpiece and thereby
prevent distortion of the latter which might occur if out-
ward movement of the pad commenced simultaneously
with the opening of the [press] dies. Moreover the ar-
rangement herein shown contemplates the use of the in-
vention on a [large] press the speed of which is relatively
slow so that the temperature of the hydraulic liquid does
not become unduly high. However if the invention is to
be employed on a [small,} fast moving press a means
for circulating the liquid through the tank to reduce its
temperature, such as that shown in my co-pending appli-
cation Serial No. 643,635 filed March 4, 1957, now
Patent No. 2,842,357 may also be included in the system.

It is then an object of the invention to provide such a
circulating system for hydraulic liquid between tanks and
cylinders wherein means are provided for delaying the
commencement of outward movement of pads in dies for
an appreciable interval of time after the dies themselves
commence to open.

Another object of the invention is to provide such a
circulating system for hydraulic liquid including means
for adjusting the time interval between the commence-
ment of opening of the press and commencement of out-
ward movement of the pads.

A further object of the invention is to provide such a
circulating system for hydraulic liquid wherein means are
provided for cushioning the shock [caused upon reversal
of flow of] due to the impact on the hydraulic liquid
[between a cylinder and 2 tank.] when the dies close.

Yet another object of the invention is to provide such
a circulating system for hydraulic liquid wherein means
are provided for facilitating the separation of entrained
ajr from hydraulic liquid so that the air may pass freely
back to the tank.

With these and other objects and advantages in view
which will become apparent as the specification proceeds,
the invention is hereinafter more fully described with
the aid of the accompanying drawings, in which:

FIGURE 1 is a diagrammatic view showing the arrange-
ment of the invention.

FIGURE 2 is an enlarged
valve.

FIGURE 3 is a section on the line 3—3 of FIGURE 2;

FIGURE 4 is a section on the line 4—4 of FIGURE
3; and

plan view of the control
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FIGURE 5 is a section on the line 55 of FIGURE 3.

FIGURE 6 is a partial section similar to that shown in
FIGURE § but with the spool valve in a different position.

FIGURE 7 is a view taken on the line 7—7 of FIG-
URE 5, [and]

FIGURE 8 is a section on
URE 6L},

FIGURE 9 is a diagrammatic and simplified illustra-
tion of the system; and

FIGURE 10 is an enlarged fragmentary sectional view
of part of the relief valve and assembly.

Referring to the drawings, 1 designates a tank having a
pipe 2 connected thereto which extends from a source of
compressed air or other fluid under pressure—not shown;
and 3 denotes a conventional closure secured to the
tank upon removal of which hydraulic liquid may be
poured thereinto.

A portion of a mechanical press is diagrammatically
shown at 4, and includes upper and lower die shoes §
and 6 on which upper and lower dies 7 and 8, respectively,
are secured. Provided in the lower die shoe 6 is a cylin-
der 9 having a plunger 10 therein, and mounted for verti-
cal movement in the lower die 8 is a pad 11 adapted to be
upwardly moved by the plunger 10. Formed through
the lower shoe is a passage 12 which terminates at its
jnner extremity in the cylinder 9. Extending from the
underside of the tank 1is a conventional connection 15
the opposite extremity of which is secured to a passage
23 formed in a control valve 16, and from the latter an-
other connection 17 extends to [the opposite extremity
of which is secured to] the outer end of the passage 12.

The control valve 16 includes a plurality of horizontal
blocks 18, 19 and 20 which are secured to one another
as by screws 21, only one of which is shown in FIGURE
3, The passage 22 is formed in the upper block 18, and
formed also in the latter parallel with and above the
passage 22 is an opening 23 the outer extremity of which
is plugged as shown at 23a. Extending vertically into
the block 18 from its upper extremity is a bore 24 in
the lower extremity of which the inner end of the open-
ing 23 terminates. Formed also in the underside of the
block 18 in axial alignment with the bore 24 is an aper-
ture 25 which is spaced beneath the said bore and is
connected thereto by a passage 26 of relatively small cross
section which is coaxial with the said bore and aperture.
Mounted in the aperture 25 and extending throughout
the height of the latter is a bushing 27, and formed through
the bushing intermediately of its height are spaced radial
openings 28 which connect the bore of the bushing with
an annular chamber 29 formed in the block 18 around
the outer periphery of the said bushing. Formed in the
underside of each opening 28 is a substantially V-shaped
notch [26a] 28a which is outwardly and upwardly in-
clined.

The upper extremity of the passage 26 which is ta-
pered is of upwardly increasing diameter to receive the
lower extremity of a correspondingly tapered pilot valve
30 which is adapted to close the bore 24 from the pas-
sage 26. Suitably secured on the top of the block 18 is
a retainer plate 31 through which an adjusting screw 32
is threaded to -exert downward pressure upon a disc 33
mounted for axial movement in the bore 24 and baving
an O-ring seal 33a around its periphery. Between the
undersize of the disc 33 and the upper face of the pilot
valve 30 a helical spring 34 is provided so that by tight-
ening or loosening the screw 32 greater or lesser pressure
is exerted upon the valve 30 tending to prevent upward
flow of liquid through the passage 26. Formed in the
block 18 and extending upwardly from its underside to
intersect the passage 22 and the opening 23 is a passage
35 which is parallel with the axis of the bore 24.

Formed through the central block 18 in axial align-

the line 8—8 of FIG-
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ment with the aperture 25 and smaller than the latter
is a passage 36, and extending downward from the un-
derside of the latter through the lower block 20 is an-
other passage 37 to the underside of which the connec-
tion 17 is secured. Mounted for axial movement in the
bushing 27 is a relief valve 38 in the form of a piston
having a cavity 39 formed in its upper side to receive
the lower extremity of a helical spring 40 the upper end
of which bears against the upper face of the aperture
25. Thus the spring tends to retain the piston 38 upon
an annular seat formed on the upper face of the cen-
tral block 19. Formed through the underside of the
piston 38 is an opening 41 smaller than the connecting
passage 26. When liquid under pressure flows upwardly
through the passages 37 and 36 from the cylinder 9 some
of it passes through the opening 41 into the upper por-
tion of the aperture 25. When sufficient liquid accu-
mulates beneath the pilot valve 30 the latter is raised
and the liquid escapes into the opening 23 whence it
passes back to the tank 1. Almost simultaneously liquid
beneath the relief valve 38 raises the latter sufficiently
to flow to the tank through the radial openings 28, the
chamber 29 and the passage 22.

It will be noted that the openings or ports 28 are rela-
tively high above the seat of the relief valve 38 so that
the latter must be correspondingly raised before the ports
are opened; and while the relief valve is being opened
ample time elapses for the pilot valve 30 to assume a
normal open, operating position. Thus the two valves
30 and 38 adjust their relative positions to provide a
cushioning effect and adapt themselves to absorb the
shock which might otherwise result due to the rapid
[reversal of] flow of liquid as herein contemplated for
the repeated opening and closing of the dies. It may
also be remarked that one characteristic of a good hy-
draulic liquid, or oil, is that air will not mix with it at
all readily, However, the V-shaped notches 28a, FIG-
URE 10, formed in the -undersides of the openings or
ports 28 [insure a temporary} minimize foaming action
Las] of the air [becomes momentarily]} entrained with
the liquid [and is therefore} as it is carried through the
openings 28 with the liquid for discharge to the tank. In
this manner I find that air is quickly and easily with-
drawn from the system.

Again, while the valves 30 and 38 are relatively so
arranged that they cooperate as above stated to prevent
the system being subjected to such shocks that they would
interfere with its smooth functioning, there is no me-
chanical connection between these valves.

Formed horizontally in the central block 19 from one
extremity is a shut-off valve which in the present instance
includes a cylinder 42 in which a spool valve 43 is
axially slidable. A nut 44 is threaded into the open end
of the cylinder and provided also in the latter is an
axially movable disc 45 having an O-ring 46 mounted
in an annular recess formed around it. Threaded through
the nut 44 is a screw 47 which is adapted to force the
disc 45 inwardly. Mounted around the stem 48 which
projects outwardly from the spool valve 43 is a helical
spring 49 the opposite end of which bears against the
inner face of the disc 45. Thus the spring tends to re-
tain the spool valve in its inward position shown in FIG-
URES 5 and 9. It will also be seen that the shut-off
valve may be readily rendered inoperative, so that out-
ward movement of the plunger 10 occurs immediately as
the dies 5 and 6 commence to open, by tightening the
screw 47 so that the disc 45 bears against the stem 48
when the valve is in its position shown in FIGURE 5.
Formed horizontally in the central block 19 and extend-
ing at right angles to the cylinder 42 are two spaced
parallel passages 50 and 51 which are connected to one
another by the said cylinder as shown in FIGURE 4,
The valve 43 intermediately of its length is provided with
an annular recess 52, ' '

Extending into the central block 19 from one side
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thereof and disposed at right angles to the cylinder 42
are spaced parallel passages 53 and 54 which are plugged
at their outer extremities 53a and 54a respectively. The
passage 53 passes intermediately of its length through
the cylinder 42 and terminates at its inner end in the ver-
tical passage 36. Formed in the block 19 parallel with
the cylinder 42 is an opening 56, plugged at its outer
extremity 56a. At its inner extremity this opening termi-
nates in an aperture 62. The passage 54 intermediately
of its length passes through the opening 56 and its inner
extremity opens into the cylinder 42.  The inner ex-
tremity of the cylinder is also connected to the cpening
56 by a passage 57 which extends through one side of
the central block 19 and is plugged at its outer extremity
57a. Extending through the block 19 at right angles to
and intersecting the opening 56 intermediately of the
length of the latter is an aperture 58 which is threaded
from its outer extremity to receive a screw 59. The aper-
ture 58 inwardly beyond the opening 56 terminates in an
extension 58a of reduced diameter which opens into the
passage[s] 53—FIGURES 7 and 8. A ball check valve
60 is normally retained upon a seat formed in the block
19 around the inner extremity of the aperture 58 by a
spring 61 the opposite end of which bears against the
screw 59. When the valve 43 is in the position shown
in FIGURES 5 and 9 hydraulic liquid is adapted to flow
through the passage 53 from the vertical passage 36 into
the annular recess 52, and from the latter mainly through
the passage 54 into the opening 56 whence it travels
through the passage 57 into the cylinder 42 and forces
the spool valve 43 to its position shown in FIGURE 6.
However before the spool valve reaches that position
the recess 52 is cut off from the passage 54 and conse-
quently the liquid then has to flow from the recess
through the passage 53 to the junction of the latter with
the [the] extension aperture 58a. Then the liguid cpens
the check valve 60 and flows through the cpening 56
and passage 57 into the inner extremity of the cylinder.
The opening 62 is formed into the block from one side
thereof and extends across the inner extremity of the
opening 56. This opening 62 is threaded from iis outer
extremity to receive the stem 63 of a bleeder or metering
valve 63a. Inwardly past the opening 56 the opening 62
is of reduced diameter as shown at 62a so that an an-
nular seat 64 is formed in the block in quite close prox-
imity to which the valve 63a is set so that an exceed-
icgly slow flow occurs from the passage 56, past the
said valve into the reduced extremity 62a of the open-
ing 62 and into the passage 50. A lock nut 65 on the
stem 63 retains the bleeder immovable in its adjusted
position.

Extending downwardly in the central block 19 from its
upper face and in registry with the passage 35 is an open-
ing 70 which terminates in the passage 50; and extending
downwardly from the passage 51 through the central
block is another opening 70a. Formed through the low-
er block 20 is an aperture 71 which is plugged at its outer
extremity 71a and terminates in the vertical passage 37.
Secured in the upper face of the block 20 and in registry
with the opening 70a is an annular seat 72 the underside
of which opens into the aperture 71. Formed also in
the underside of the aperture 71 in axial alignment with
the annular seat 72 is a recess 73. A ball check valve 74
is normally held against the underside of the annular seat
72 by a helical spring 75 the underside of which rests in
the recess 73.

RESUME

From the foregoing it will be readily seen that, as the
dies 7 and 8 open, liquid from the tank 1 under rela-
tively low pressure flows into the cylinder 9, to move the
pad 11 to its outwardly projecting Pposition, through a con-
duit including the connection 15, the passages 22, 353
70 and 50, through the cylinder 42, the passage 51, the
check valve 74 and the connection 17.

As the dies 7 and 8 close, most of the liquid in the
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¢ylinder 9 is forced under relatively high pressure through
a by-pass including the passages 37 and 36, and through
either the pilot valve 30 and the connections extending
therefrom back to the tank, or through the relief valve
38 and the passages therefrom to the tank, with the
larger flow occurring through the relief valve.

At that time some of the liquid from the passages 37
and 36 passes through the passage 53 and into the inner
extremity of the cylinder 42 as above explained so that
the valve 43 is moved to its position shown in FIGURE
6 to obstruct a flow of liquid from the passage 50 into
the passage 51, and therefore from the tank 1 to the
cylinder 9 to move the plunger 10 therein to its outward
position. Liquid is then gradually bled from the cylin-
der 42 as above explained and the spool valve is grad-
ually moved back to its position shown in FIGURES
5 and 9 by the spring 49 so that the passages 50 and
51 are again connected to one another.

The setting of the bleeder valve 63a may be such that
the escape of liquid therethrough into the passage 50
is quite slow so that an appreciable time interval occurs
before enough liquid has passed for the recess 52 in the
spool valve to be again in registry with the passage 54;
after that, continued movement of the spool valve back
to its position shown in FIGURE 5 is, of course, rapid.
However since the adjustment of the bleeder valve is a
delicate one it is usual to leave it at one setting and to
regulate the time interval required for the pad to re-
assume its outward position by adjusting the position of
the disc 45 by rotation of the screw 47. In this manner
the length of travel of the spool valve is adjusted to ac-
complish the desired purpose, for of course the disc 45
constitutes 2 stop for the stem 48 when the valve is
moved to the left, FIGURE 5, and therefore controls the
distance which the valve must travel back to the right
before its Tecess 52 again registers with the passage 54,
Or again as previously stated the screw 47 may be moved
jnwardly to prevent all movement of the spool valve and
thereby eliminate the pad delay feature, for of course
there are many conditions under which such action is
not required.

It will also be noted that with the construction herein
described the flow of liquid in both directions between the
tank and the cylinder 9 passes through the control valve
and in so doing it also operates the pad delay feature;
and for the latter only the shut-off valve and its connec-
tions have been added, so that there has been no sub-
stantial enlargement either of the system or of the vol-
ume of liquid required for its operation, and consequent-
1y accuracy of operation is maintained, and “bounce-
back” does not occur.

Certain features of the invention herein disclosed are
disclosed in my prior application for Letters Patent Serial
No. 455,270, filed September 10, 1954, now Patent No.
2,890,669, issued June 16, 1959, for “Mechanisms for
Hydraulically Controlling Movement of Pads in Dies.”

While in the foregoing the preferred embodiment of
the invention has been described and shown it is under-
stood that alterations and modifications may be made
thereto provided they fall within the scope of the ap-
pended claims.

What I claim is:

1. A circulating system for hydraulic liquid compris-
ing a supply tank having liquid therein under relatively
low pressure, a cylinder having a plunger therein, a con-
duit connecting the tank with the cylinder, a check valve
in the conduit through which liquid flows to the cylinder
to move the plunger therein in one direction, a shut-off
valve in the conduit, a by-pass connected at its extremi-
ties to the conduit and extending around both the valves
therein 'for returning liquid to the tank, a relief valve in
the by-pass through which liquid expelled under relative-
1y high pressure from the cylinder by movement of the
plunger in the opposite direction flows to the tank, means
connecting the cylinder with the shut-off valve through
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‘which liquid under pressure from said cylinder flows to

close said shut-off valve, means tending to open the shut-
off valve, and means connected to said shut-off valve for
delaying the release of liquid under pressure therefrom.

2. The combination in claim 1, wherein the last named
means includes means for adjusting the time interval dur-
ing which liquid under pressure is released from the shut-
off valve. :

3. The combination in claim 1, wherein the last named
means includes means for adjusting the length of travel of
the shut-off valve during the release of the liquid under
pressure therefrom.

4. The combination in claim 1, wherein the last-named
means Lincludingd comprise a bleeder valve [are] con-
nected to the shut-off valve through which liquid under
pressure is gradually exhausted from said shut-off valve,
said [and means connecting the] bleeder valve being con-
nected with the conduit whereby the liquid exhausted
through the bleeder valve passes into said conduit.

5. The combination in claim 1, wherein the relief valve
is mounted for [_vertical] movement in the by-pass to
expose radial openings therein connected to the tank, said
radial openings having Fdownwardly projecting] substan-
tially V-shaped notches formed [in their undersides
wherefrom air momentarily entrained in the liquid is dis-
charged into the tank] therein on the side of the openings
closest to the closed position of said relief valve.

6. The combination in claim 1, wherein the relief valve
is mounted for [upward] movement in the by-pass to
expose radial openings therein, a pilot valve is mounted
for [fupward] movement in the by-pass to open a passage
therethrough, said relief valve being positioned between
the pilot valve and the cylinder and having a small open-
ing therethrough through which liquid under pressure
from the cylinder reaches the pilot valve, said pilot and
relief valves being relatively so positioned that upon
opening of the pilot valve by the liquid under pressure
from the cylinder the relief valve opens and said valves
together cushion the shock caused by commencement of
flow of the liquid from the cylinder.

7. A circulating system for hydraulic liquid comprising
a supply tank having liquid therein under relatively low
pressure, a cylinder having a plunger therein, a conduit
connecting the tank with the cylinder, a check valve in
the conduit through which liquid flows to the cylinder to
move the plunger in one direction, a by-pass connected to
the opposite extremities of the conduit and extending
around the check valve, a relief valve mounted for [ver-
tical] movement in the by-pass to expose radial openings
therethrough when said relief valve is [lifted] moved
by liquid expelled under pressure from the cylinder upon
movement of the plunger in the opposite direction, means
extending from the radial openings [to] in the by-pass
Ladjacent] fo the tank for the passage of liquid there-
through to said tank, said radial openings having [down-
wardly projecting andl outwardly inclined substantially
v-shaped notches formed therein [the undersides of which
are upwardly and outwardly inclined for the passage
therethrough of air momentarily entrained with the liquid
whereby said air passes into the tank] on the side of the
openings closest to the closed position of said relief valve.

8. A circulating system for hydraulic liquid compris-
ing a supply tank having liquid therein under relatively
low pressure, a cylinder having a plunger therein, a con-
duit connecting the tank with the cylinder, a check valve
in the conduit through which liquid flows from the tank
to the cylinder to move the plunger in one direction, a
by-pass connected to the opposite extremities of the con-
duit and extending around the check valve, a pilot valve
mounted for movement in the by-pass and operable to
open a passage therethrough, a relief valve mounted in
the by-pass for movement therein to expose radial open-
ings through said by-pass, said relief valve being posi-
tioned between the cylinder and the pilot valve and hav-
ing a small opening therethrough through which liquid
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under pressure is connected to reach the pilot valve and
move it to open position upon movement of the plunger
in the opposite direction, connecting means extending
from the radial openings to the by-pass adjacent its ex-
tremity fconnected] to the tank through which liquid
flows to said tank, said pilot and relief valves being rela-
tively so positioned that upon opening of the pilot valve
the relief valve then opens to expose the radial openings
whereupon a flow of liquid under pressure passes through
both said valves to cushion the shock caused by com-
mencement of the flow of liquid from the cylinder, and
a spring tending to retain each of the last named valves
in closed position.

9. A circulating system for hydraulic liquid compris-
ing a supply tank having liquid therein under relatively
low pressure, a cylinder having a plunger therein, a con-
duit connecting the tank with the cylinder, a check valve
in the conduit through which liquid flows to the cylinder
to move the plunger therein in one direction, a shut-off
valve in the conduit, a by-pass connected at its extremities
to the conduit and extending around both the valves
therein, a relief valve in the by-pass through which liquid
expelled under relatively high pressure from the cylinder
by movement of the plunger in the opposite direction
flows to the tank, means connecting the cylinder with the
shut-off valve through which liquid under pressure from
the cylinder flows to close said shut-off valve, and means
tending to open the shut-off valve.

10. A circulating system for hydraulic liquid compris-
ing a storage tank having liquid under relatively low pres-
sure therein, a cylinder having a plunger therein, a con-
trol valve having a valve cylinder [an aperture] therein
and separate conduit portions connected to one another
by said [aperture] valve cylinder, means connecting one
conduit portion with the tank, means connecting one con-
duit portion with the cylinder, a check valve in one of
the conduit portions through which liquid flows from the
tank to the cylinder to move the plunger in one direction,
a valve in the F[aperture] valve cylinder for closing the
connection between the conduit portions, said control
valve having a by-pass therein extending around the
check valve and said [aperture] valve cylinder and ter-
minating at each extremity in one of the conduit portions,
a relief valve in the by-pass opened by liquid expelled
under relatively high pressure from the cylinder upon
movement of the plunger in the opposite direction, said
control valve having a passage therein connecting the by-
pass between the cylinder and the relief valve with said
Eaperture] valve cylinder through which liquid under
pressure from the cylinder flows to move the valve in
said [aperture] valve cylinder to close the connection
between the conduit portions, means tending to move
said valve to its open position, and means connected to
the control valve for delaying the exhaust of liquid under
pressure from said Faperture] valve cylinder.

11. A circulating system for hydraulic liquid compris-
ing a supply tank having liquid therein under relatively
low pressure, a cylinder having a plunger therein, a con-
duit connecting the tank with the cylinder through which
liquid flows to the cylinder to move the plunger therein
in one dire¢tion, a check valve in the conduit to prevent
return flow of liquid therethrough, a normally open
shut-off valve in said conduit, a by-pass connected at its
extremities to the conduit and extending around both of
the valves therein, a normally closed relief valve in the
by-pass through which liquid expelled under relatively
high pressure from the cylinder by movement of the
plunger in the opposite direction flows to the tank, and
means connecting the cylinder with the shut-off valve
through which liquid under pressure from the cylinder
flows to close said shut-off valve.

12. A system according to claim 11 including a re-
stricted flow passage between said connecting means and
said conduit on the tank side of said check valve.
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13. 4 circulating system. for hydraulic liquid compris-
ing a supply tank having liquid therein under relatively
low pressure, a cylinder having a plunger therein, a con-
duit connecting the tank with the cylinder, a check valve
in the conduit through ‘which liquid flows from the tank
to the cylinder to move the plunger in one direction, a
by-pass connected to the conduit and extending around
the check valve to permit liquid to flow from the cylinder
fo the tank upon movement of the plunger in the opposite
direction, a pilot valve in the by-pass and operable to open
a passage therethrough, a normally closed piston type
relief valve in the by-pass mounted for movement toward
open position to expose a plurality of spaced openings
through said by-pass, said openings being positioned so
that said relief valve must move a substantial distance froin
its normally closed position before said openings are ex-
posed, said relief valve being positioned between the cyl-
inder and the pilot valve and having a small opening
therethrough through which liquid under pressure is con-
nected to reach the pilot valve and move it to open posi-
tion upon movement of the plunger in said opposite di-
rection, said plurality of spaced openings exposed upon
opening movement of the relief valve being connected to
the tank so that liquid which flows therethrough when
said relief valve is open flows to said tank, said pilot and
relief valves being relatively so positioned that upon open-
ing of the pilot valve the relief valve then opens to expose
said plurality of spaced openings whereupon a flow of
liquid under pressure passes through said passage and
openings controlled by both said valves to cushion the
shock caused by commencement of the flow of liquid
from the cylinder, and a spring tending to retain each of
the last named valves in closed position.,

14. A circulating system according to claim 13 wherein
at least one of said plurality of spaced openings exposed
upon opening movement of the relief valve has an inciined
notch formed therein on the side of such opening closest
to the closed position of said relief valve.

15. A circulating system for hydraulic liquid compris-
ing a supply tank having liquid therein under relatively
low pressure, a cylinder having a plunger therein, a con-
duit connecting the tank with the cylinder, a check valve
in the conduit arranged to permit liquid to flow in one
direction from the tank to the cylinder to move the plunger
in one direction in response to the pressure on the liquid
in the supply tank, a pressure relief by-pass connected
to said conduit and tank and extending around the check
valve to permit liquid to flow from the cylinder to the
tank upon movement of the plunger in the opposite direc-
tion, said pressure relief by-pass including a normally
closed pilot valve operable upon opening to open a passage
through the by-pass around said closed valve, and a nor-
mally closed piston type relief valve operable upon open-
ing to open another passage through the by-pass around
said check valve and said pilot valve, said last-mentioned
passage including a plurality of spaced openings exposed
upon opering movement of said relief valve and an an-
nular chamber surrounding said relief valve, said open-
ings being positioned so that said relief valve must move
a substantial distance from its normally closed position
before said openings are exposed, said relief valve being
positioned between the cylinder and the pilot valve and
having a restricted opening therethrough through which
liquid under pressure is supplied to the pilot valve to move
it to open position upon movement of the plunger in the
opposite direction, said by-pass extending to the tank for
returning liquid to said tank, said piior and relief valves
being relatively so positioned that upon opening of the
pilot valve the relief valve then opens to expose said
spaced openings and annulor chamber whereupon a flow
of liguid under pressure passes through said passages
controlled by both said valves to cushion the shock caused
by ¢Qmmengen1gnt of the flow of liquid from the cylinder,
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and a spring tending to retain each of the last-named
valves in closed position.

16. A system according to claim 8 including a valve
in said conduit movable to open and closed positions,
and means operable for moving said valve to one of its
positions so as to retard the return flow of liquid from
said tank to said cylinder so as to delay return movement
of said plunger in said one direction.
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