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This invention relates in general to hydraulic control
devices, and in particular to a new and useful device for
controlling the feeding of liquid from a pump so that,
for operation in which the devices consuming the fluid
pressure are switched off, the pump is arranged to feed
oil at low pressure.

The hydraulic control device according to the present
invention represents an improvement and marked ad-
vance over known hydraulic fluid control devices which
control or regulate the transmission of hydraulic fluid
to fiuid utilization devices such as hydraulic motors etc.
One example -of such a prior art control system is dis-
closed in the United States Patent No. 2,489,435 issued
November 29, 1949 to James Robinson. Other earlier
typical prior art devices are referred to and identified
in the Robinson patent.

Most hydraulic conduit valves are constructed so that
in the position in which the connected consumers are
switched off, the pump feeds the oil at low pressure.
The circulation of the oil at low pressure is interrupted
after the conduit valve has been brought into its work-
ing position and the consumer or the consumers thus are
connected into the pump line. If one proceeds in this
manner, it is known by experience that relatively strong
pressure loads or jolts can occur because the consumer,
for example, a cylinder or an oil motor, and the parts
which are moved with this consumer, very often possess
a large mass which, at the instance of switching in, has
to be accelerated from a zero speed to the required op-
erating speed. This causes a pressure increase which
in turn causes the opening of the safety valve. How-
ever, all safety or excess pressure valves have a finite
response time during which the oil pressure can rise up
to 200% relative to the adjusted operating pressure.
These oil jolts whch are possible during the switching of
the device have a very serious and damaging influence
on the entire plant.

It has been attempted to reduce these pressure jolts
or surges thereby that the control edges in the conduit
valve are constructed so that first the connection from
the pump to the consumer is opened and that only there-
after the circulation at low pressure is closed. Such a
construction is generally designated as “negative cover-
ing.” By using such an arrangement, it is true that
the pressure jolts are prevented if the conduit valves are
switched in a slow manner. However, if the valves are
actuated in rapid manner, then very high pressure jolts
will still take place because the response time of the
excess pressure valve is greater than the switching time of
the conduit valves. Further, such “negative cover” has
the disadvantage that charged consumers may operate in
a reverse manner since, in a condition of negative cover,
the consumer presses its oil back into the pump line and
from there into the low pressure circulation which has
not been closed as yet.

Another known embodiment for obtaining low pres-
sure circulation resides in the use of an excess pressure
valve and in providing the control line with a branch off
between the valve pistons and this valve. This branch
off is separated from the remaining oil carrying lines of

10

15

20

25

30

35

40

45

60

65

70

2

the conduit valves and acts as a control line which is
influenced by the movement of the pistons of the con-
duit valves in such a manner that in the zero or center
position of the pistons said control line has a free dis-
charge into the discharge line but, however, will be
closed when the pistons of the conduit valves are dis-
placed from the center position. The action or effect
which is obtained in this manner is an opening of the
excess pressure valve in the center position of the con-
duit valves and the closing of the excess pressure valve
when the conduit valves are displaced from the center
position. Such an arrangement has several disadvan-
tages. The excess pressure valve can no longer be used
as a safety valve for the consumers, which consumers
during rest position, that is, when the conduit valves are
in the center position, are influenced by extraneous forces,
for example, by earth working machines, because the
excess pressure valve is opened in the center position
of the conduit valve in order to produce the low pres-
sure circulation. Again, pressure jolts will take place
when the low pressure circulation should be closed by
displacement of the conduit valves. The reason for this
is that at the instant of the closing of the control lines
through the pistons of the conduit valves, the piston of
the excess pressure valve -closes rapidly, however im-
mediately has to be opened again since, as previously men-
tioned, the excess pressure valve, during the starting
procedure, has to open for a short period of time. The
mass of the valve piston, therefore, has to be accelerated
in counter direction. Further, a time delay occurs be-
tween opening of the pre-control valve and opening of
the piston of the excess pressure valve so that the excess
pressure valve is closed for a short period of time. Both
these characteristics result in pressure jolts. Generally,
however the movement of the piston of the excess pres-
sure valve is effectively softened or dampened which, on
the other hand, has the disadvantage that there will occur
a considerable time delay between the switching of the
conduit valves and the interruption of the low pressure
circulation. For magnetic valves which switch rapidly,
such an arrangement is therefore not at all advantageous.

From the above, it is clear that the use of a pre-control
excess pressure valve is not a suitable solution for the
functioning of the low pressure circulation.

In order to prevent these disadvantages, the invention
proposes to provide a separate blocking member be-
tween pump line and discharge line for the low pressure
circulation. This separate blocking member is situated
parallel to the built-in excess pressure or safety valve and
is constructed as a piston which is charged on both sides
via an axially extending throttle bore. One side of the
piston is charged directly by the pump pressure while the
other side is charged by the pressure behind an axial
throttle bore and additionally is charged by the force of
a closing spring. The spring space is connected with
a control line which, upon displacement of the pistons
of the conduit valves away from the center position, is
closed while in the center position of all the pistons
of the conduit valves, flow into the discharge is possible.

In the drawings:

FIG. 1 is a longitudinal section through the control
device;

FIG. 2 shows a control valve according to FIG. 1 on
enlarged scale;

FIG. 3 shows an arrangement of a control valve and
of a safety valve between the pump and the tank line in
parallel arrangement.

As shown at FIG. 1, three valve bodies, or blocks, 11,
14 and 15 are aligned together by suitable securing means
together with an end cover member 12.

The valve block 11 includes therein the chambers,
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or bores, 7 and 19 which, respectively, serve as the cham-
bers for a pressure valve and a safety valve.

The pressure valve is comprised of: the chamber 7;
the hollow piston, or valve closure element, 5 within
chamber 7; the spring 8, which normally biases the piston
5 to the position shown in FIG. 1. As shown, the nose
portion of the hollow piston 5 has a small bore & there-
through which defines a passage between the chamber 7
and a bore p; the bore p terminating in a side of the valve
body 11 at an inlet port P.

The safety valve is comprised of: the chamber 16 and
the spring-biased piston, or valve closure element, 16
which is within the chamber 18. The piston 16, being
spring-biased, is normally in the position shown in FIG.
1; i.e., blocking or closing communication between the
chamber 19 and the bore D; the bore D extending from
valve block 11, through valve block 14, to the valve block
15 as illustrated.

Also, the valve block 11 has therein the bore 28. One
end of the bore 20 terminates in a port communicating
with the chamber 7 of the pressure valve; the opposite end
of the bore 28 being terminated in the port T in the side
wall of the block 11. Also, extending between the bore
20 and the chamber 18 and defining a communicating pas-
sage therebetween is the bore 21. As shown, the bore
22, which is in line with the bore 21, communicates with
th chamber 1€ at the opposite side. The bore 22, there-
after, extends through the blocks 11, 14 and 15 where
the bore 22 communicates with the bore 24 in the end
cover 12.

Also, another bore 23 runs from a port communicating
with valve chamber 7 through the blocks 11, 14 and 15
where this bore 23 communicates with the bore 24 in the
end cover 12.

The bore 9, as shown, has one end thereof in com-
munication with the valve chamber 7 and runs therefrom
through the blocks 11, 14 and 15, through the end cover
12 to the port L in the side of the end cover 12.

As shown, the valve blocks 14 and 15 serve to house
the control or conduijt valves which are designated, gen-
erally, by the reference numbers 3 and 4. The control
valves, 3 and 4, are of the so-called spool or slide-type.

In the valve block 14 the control valve 3 is comprised of
a longitudinal chamber having situated therein the piston
rod, or slide, 1 which, as shown, has a number of large
diameter spools such as 1a. Also, as shown, there is pro-
vided a biasing, or centering, spring 1f at one end of the
slide rod 1. This spring 1f normally maintains the rod 1
and its associated spools la-le in the centered position
shown at FIG. 1. The longitudinal chamber of the control
valve 3 is, as shown at FIG. 1, in communication with
the bore sections 9—9, 23—23, D—D, and 22—22; the
aforementioned bore sections being in communication via
the longitudinal chamber of control valve 3.

Similarly, in the valve block 15 the control valve 4 is
comprised of another longitudinal chamber having the pis-
ton, or slide, rod 2 and the associated large diameter spools
2a-2e situated therein. The biasing, or centering, spring
2f normally maintains the slide rod 2 and spools 2a in
the centered position shown in FIG. 1; ie., said longi-
tudinal chamber defining a passage between the bore sec-
tions 9—9, 23—23, and 22—22. Also, as shown, the
bore section D can communicate with the longitudinal
chamber of control valve 4.

In the enlarged section view of FIG. 2, the nose por-
tion of the piston 5 of the pressure valve has a suitably
contoured throttling surface 13. By providing the sur-
face 13 on the piston’s nose there is ensured a controlled
gradual, rather than a sudden or abrupt, opening cross
section defined between the bore p and the bores 20 and 23.
Also, by virtue of the throttling surface 13 when the pis-
ton 5 is moving into its closure position (FIGS. 1 and 2)
the opening cross section between the bore p and bores 29
and 23 does not suddenly or abruptly decrease; rather the
cross sectional opening decreases exponentially.
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Also, as shown in FIG. 1, each control valve unit 3
and 4 includes in its respective valve block 14 and iS5,
the ports, or passages, 25-26 (block 14) and 27-28
(block 15). These ports, or passages, 25-Z8 are connect-
ed by conduits extending to pressurized fluid utilizing ele-
ments (not shown), such as hydraulic motors, etc.

A conduit (not shown) connects the port L with a tank
(not shown) containing a supply of hydraulic fluid, such
as oil. Another conduit (not shown) connects the port
T with the supply tank. Also provided is a pump which
draws oil from the supply tank and feeds it into port P
to the bore p.

Operationally, the pump delivers pressurized oil from
the tank to the port P and bore p. However, when the
slide valves 3 and 4 have their slide rods, or pistons, 1 and
2 centered as shown in FIG. 1, the oil consuming devices
connected with the ports, or channels, 25-28 cannot re-
ceive pressurized oil because these channels 25-28 are
blocked by the spools 1a, 15, 24 and 2b. But, oil passing
through bore 6 of the pressure valve’s piston § passes
into the valve chamber 7 and from this chamber enters
and passes through bore 2 to the port L. From port L
the oil returns by gravity to the supply tank.

If, however, the slide rods 1 and 2 are moved off their
normal center position pressurized oil passes through the
bore D into the ports, or channels, 25-28 to supply oil to
the consuming devices.

Tt is well known that, upon starting up, the oil pressure
for a very short period will build up to a very high value,
which pressure often may be more than two hundred per
cent (200% ) above the normal operating pressure. Due
to such pressure surges, objectionable flow velocities occur.
According to the present invention such pressure surges
are substantially eliminated. Accordingly, the pressure
valve piston 5 is arranged between the discharge port T
and the input port P. Also, the pressure valve 5 is situated
in parallel with the safety valve 10, 16. Also, as here-
inbefore stated, the nose of the pressure valve piston 5
has the throttling contour surfaces 13 which permit an ex-
ponential change of the cross sectional flow area. As a
result, the pressure in the input bore p rises exponentially
during. closure of the piston 5. In addition, the nose of
the piston 5 includes the throttling bore 6 which is so
dimensioned that the safety valve piston 16 will already
have opened before the pressure valve piston 5 is fully
closed because the pressure valve piston 5 and the safety
valve piston 16 are parallelly arranged in accordance with
the invention.

Thus, pressure surges during start-up (i.e., when the
consuming devices demand pressurized oil initially) are
prevented because of the overlapping coaction of the
safety valve and the pressure valve.

Moreover, the safety valve will open after the pressure
in the system, upon start-up, has reached a predetermined
value. This takes place at a time when the throttling sur-
face 13 of the pressure valve piston 5 has not fully reached
its closure point and the opening of the safety valve occurs
for a very short duration of time only.

When one or both of the spool valve 3 and 4 are
switched, the control oil line 9 is blocked and the piston
of the pressure valve 5 closes the low pressure circulation
under the action of the spring 8. This closing procedure
can be timely fixed by choice of a suitable diameter of the
bore 6 of the valve 5. In this manner, it is obtained that
the connection from the pump line P to the tank line T
does not occur suddenly, but within a predetermined pe-
riod. At the same time, by providing throttle surfaces 13
in the pressure piston or valve 5 (see FIG. 2), it is as-
sured that the opening cross section does not suddenly de-
crease, but decreases in dependence on the path in form
of an exponential graph when the pressure piston closes.
This causes that the pressure in the line P continuously and
not impact-like will build up to a magnitude when the
valves 3 and 4 are rapidly switched, at which magnitude the
safety valve 10, 16 will respond while the pressure piston §,
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however, will not yet be completely closed. During this
entire procedure, the pump line is thus never completely
closed. Either the pressure valve is opened or the safety
valve is opened and, in fact, during a particular instance,
both are opened. The result is a soft dampened and im-
pact-free start, even if the conduit valves are switched
rapidly.

If the piston 1 or 2 is displaced from the center posi-
tion as shown, then the control line 9 is blocked again so
that no flow from P via the axial throttle bore 6 can take
place. For this reason, there prevails the same pressure on
both sides of the piston 5 which piston is displaced into
its closing position by the spring 8. In this mannper, the
low pressure circulation is closed and the pressure oil is
now available to the consumers which are connected to the
conduit valves 3 and 4. The valve 16 in the valve block
11 opens then when the pressure in the system has reached
the predetermined value by corresponding displacement of
the piston 5 so that during a very short moment, the excess
pressure or safety valve has already opened and the pis-
ton or pressure valve 5 has not yet been closed. Through
this overlapping of the two movements, of the valve 16
within the valve block 11 and of the piston 5 together
with the explained constructions of the control surface and
of the axial throttle bore 6, pressure jolts are safely pre-
vented during starting of the arrangement.

It should be understood that, with respect to each valve
3 or 4, one of the chambers 25 and 26 or 27 and 28 con-
stitutes a pressure supply chamber connected to the con-
sumer and the other of the two chambers constitutes
an exhaust chamber connected to the consumer. Taking
the particular example of operation of valve 3 by de-
pressing plunger 1, spool 14 will block the bore 9. - Spool
1a will establish connection between chamber 25 and high
pressure bore D. Spool 15 will block chamber 26 from
high pressure bore D, and spool ie will block chamber
26 from return line 22. As plunger 1 is released, spool
1e will establish communication between chamber 26 and
return line 22 before spool 1b blocks this communication.
Thus, during this particular interval, the exhaust chamber
26 is connected to the return line 22. The same type of
operation takes place with respect to operation of valve
4 by pressing plunger 2.

What is claimed is:

1. In combination, a spool valve having a body with
a first bore having an inlet adapted to be connected to
a high pressure source of fluid and an outlet adapted to
communicate with a fluid operable device; an independ-
ently operable spool member in said bore having a neutral
position and constructed and arranged to stop flow through
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said inlet to said outlet when in said neutral position;
a fluid pressure operated safety valve in communication
on opposite sides thereof with said inlet and a region of
low pressure and adapted to establish communication be-
tween said inlet and region of low pressure when pressure
in said inlet exceeds a predetermined amount; a second
bore in said body adapted to communicate with said
region of low pressure and with said inlet; and means
associated with said second bore to control flow through
said second bore; said means comprising, a fluid pressure
operated pressure valve including a passage connected
at one end to said inlet and at the other end to an en-
larged diameter chamber in communication with said
region of low pressure; a valve seat in said chamber ad-
jacent said passage; a piston in said chamber having a
valve thereon adapted to cooperate with said valve seat,
said piston being biased to move said valve to open posi-
tion by pressure in said inlet and to closed position by
pressure and spring means in said chamber; a restricted
passage through said piston and valve establishing com-
muniction between said inlet and said chamber; means
associated with said spool member adapted to shut off
communication between said chamber and said region of
low pressure when said spool member is moved from
its neutral position and rendered ineffective when said
spoocl member is in its neutral position; a third bore in
said body having one end in communication with said
chamber adjacent the valve seat and the other end in
communication with said region of low pressure; said
valve being adapted to shut off flow of fluid from said
inlet to said third bore when it is biased to its seat.

2. The combination, as in claim 1, wherein the valve
on the piston is provided with control surfaces which are
so contoured that the finid pressure coming from said
source, during the closing procedure, increases along a
predetermined curve.

3. The combination, as in claim 1, wherein said re-
stricted passage is so constructed that the closure move-
ment of the piston cannot exceed a predetermined speed.
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