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A double acting hydraulic pressure intensifier (1) Is described comprising a housing (2), a first piston arrangement (/) having a first
high pressure piston (8) In a first high pressure chamber (3) In the housing (2) and a first low pressure piston (9) In a first low
pressure chamber (5) of the housing (2), a second piston arrangement (10), having a second high pressure piston (11) In a
second high pressure chamber (4) In the housing (2) and a second low pressure piston (12) in a second low pressure chamber (6)

In the housing (2), and a switching valve (14) having a valve element (15).

Such a pressure intensifier should be made compact.

To this end the switching valve (14) Is located between the first piston arrangement (/) and the second piston arrangement (10).
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Abstract

A double acting hydraulic pressure intensifier (1) is described comprising a housing (2),
a first piston arrangement (7) having a first high pressure piston (8) in a first high
pressure chamber (3) in the housing (2) and a first low pressure piston (9) in a first low
pressure chamber (5) of the housing (2), a second piston arrangement (10), having a
second high pressure piston (11) in a second high pressure chamber (4) in the housing
(2) and a second low pressure piston (12) in a second low pressure chamber (6) in the

housing (2), and a switching valve (14) having a valve element (15).
such a pressure intensifier should be made compact.

To this end the switching valve (14) is located between the first piston arrangement (7)

and the second piston arrangement (10).

CA 2996155 2018-02-22
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DOUBLE ACTING HYDRAULIC PRESSURE INTENSIFIER

The present invention relates to a double acting hydraulic pressure intensifier comprising
a housing, a first piston arrangement having a first high pressure piston in a first high
pressure chamber in the housing and a first low pressure piston in a first low pressure
chamber of the housing, a second piston arrangement having a second high pressure
piston in a second high pressure chamber in the housing and a second low pressure
piston in a second low pressure chamber in the housing, and a switching valve having a

valve element and being located between the first piston arrangement and the second

piston arrangement.

Such a double acting hydraulic pressure intensifier is known from JP-S-62-24001 A. The
two piston arrangements have a common low pressure piston. A valve element of a

switching valve is arranged in the low pressure piston. The valve element is mechanically

actuated. When the piston arrangement reaches a first end position, the valve element
hits a stop. The stop shifts the valve element into another end position in which it is locked
by means of a ball board which is pressed into one of two grooves, each groove being

associated to an end position.

US 2016/0053749 A1 shows another pressure intensification device in which the

switching is made by means of a piston construction which is arranged within the

amplification piston.

EP 0 692 072 B1 describes a pressure medium driven device performing linear motion.
A stepped piston having two pressure areas is moved in a housing having a stepped bore.
A smaller pressure area is permanently loaded with the pressure of a fluid supplied via
an input port and the opposite larger pressure area is alternatively loaded with a pressure
at the input port or with a pressure at an output port. Switching between these two

pressures is performed by means of a switChing valve which is located within the piston.

CA 2996155 2019-04-10
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The two piston arrangements move together. In one direction of movement the first piston
arrangement per;forms a working stroke in which hydraulic fluid under an increased
pressure is outputted out of the first high pressure chamber. In the other direction of
movement the hydraulic fluid with increased pressure is outputted from the second high
pressure chamber. The movement is caused by respective low pressures acting in the

respective low pressure chambers. The pressure in the low pressure chambers Is

controlled by the switching valve.

The object underlying the present invention is to make a double acting hydraulic pressure

intensifier compact and simple.

This object is solved with a double acting hydraulic pressure intensifier as described at
the outset in that the invention the valve element has at least over a part of its length an

outer diameter which is equal to an outer diameter of at least one of the low pressure

pistons.

Such a hydraulic pressure intensifier can be made compact since the switching valve can
be integrated into the housing. The construction is inside. A bore accommodating the low

pressure piston can be machined together with a bore accommodating the valve element.

In an embodiment of the invention the valve element is arranged coaxial with at least one

of the piston arrangements. A consequence of such an embodiment is that the valve

element and the respective piston arrangement move along the same axis. Forces
resulting from an acceleration of the respective piston arrangements and the valve

element occur in one direction only.

In an embodiment of the invention a connecting rod is located between the two piston
arrangements. This is a simple way to synchronize the movement of the piston

arrangements without increasing dramatically the mass of the piston arrangements.

CA 2996155 2019-04-10
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In an embodiment of the invention the connecting rod runs through the valve element.

The valve element in this case is in form of a hollow sleeve which has the additional

advantage that the mass of the valve element can be kept small.

In an embodiment of the invention a movement of the first piston arrangement Iin a
direction to decrease the volume of the first high pressure chamber is caused by a
pressure in the second low pressure chamber and a movement of the second piston
arrangement in a direction to decrease the volume of the second high pressure chamber

is caused by a pressure in the first low pressure chamber. The two piston arrangements

work together in the sense that one piston arrangement is loaded with a low pressure and

the other piston arrangement generates the high pressure. Furthermore, the two piston

arrangements and the rod are pressed together by the respective pressures.

24
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In an embodiment of the invention in any switching position of the switching valve a

space between the two piston arrangements is connected to a tank port. This space is

loaded by a low pressure only.

In an embodiment of the Invention the space is of constant volume. Therefore, no

hydraulic fluid has to be displaced out of the space which keeps hydraulic losses low.

In an embodiment of the invention the valve element comprises a first pressure area
arrangement and a second pressure area arrangement, wherein an effective area of the
first pressure area arrangement is larger than an effective area of the second pressure.
area arrangement, the second pressure area arrangement is permanently loaded by a
first pressure and the first pressure area arrangement s alternatively loaded by the first
pressure and by a second pressure smaller than the first pressure. By changing the
pressure acting on the first pressure area arrangement it i1s possible to change the

switching position of the valve element.

In an embodiment of the invention the housing comprises a switching channel
connected to the first pressure area arrangement, wherein the switching channel has a
first opening connectable to the first pressure and a second opening connectable to the
second pressure, wherein upon movement the first piston arrangement covers and
releases the first opening and the second opening. The first piston arrangement controls

the position of the valve element by means of hydraulic pressures.

In an embodiment of the invention both openings are closed during a part of the

movement. During this part no pressure changes occur. This makes operation stable.

An embodiment of the invention will now be described in more detail with reference to

the drawing, wherein:

CA 2996155 2018-02-22
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Fig. 1 shows a schematic longitudinal section of a double acting hydraulic

pressure intensifier, and

Fig. 2 shows a schematic longitudinal section of the pressure intensifier of Fig. 1

with some parts in another position.

A double acting hydraulic pressure intensifier 1 comprises a housing 2 having two

supply pressure ports P and a tank port T.

The housing comprises a first high pressure chamber 3 and a second high preSsure

chamber 4. Furthermore, the housing comprises a first low pressure chamber 5 and a

second low pressure chamber 6.

A first piston arrangement 7 comprises a first high pressure piston 8 and a first low
pressure piston 9. The first high pressure piston 8 is moveable in the first high pressure
chamber 3 to decrease the volume of the high pressure chamber 3 when moved in one
direction and to increase the volume of the first high pressure chamber 3 when moved
in the opposite direction. A second piston arrangement 10 comprises a second high
pressure piston 11 and a second low pressure piston 12. The second high pressure
piston 11 Is moveable in the second high pressure chamber 4 increasing a volume of
the second high pressure chamber 4 when moving in one direction (to the right in Fig. 1)
and increasing the volume of the second high pressure chamber 4 when moving in the

opposite direction.

The two piston arrangements 7, 10 are connected by means of a connecting rod 13. As
will be explained later it is not absolutely necessary to fix the connecting rod 13 to the
piston arrangements 7, 10. The piston arrangements 7, 10 and the connecting rod 13

are held together by the pressures acting in the pressure chambers 3-6.

CA 2996155 2018-02-22
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A switching valve 14 comprising a valve element 15 is arranged between the first piston
arrangement 7 and the second piston arrangement 10. The valve element 15 Is hollow.

Therefore, the connecting rod 13 is guided or passes through the valve element 15.

The valve element 15 comprises a number of openings 16 through which the pressure
at the tank port reaches a space 17 between the two piston arrangements 7, 10. A
pressure at the tank port T is briefly termed “tank pressure”. The pressure at the supply

pressure port P i1s briefly termed “supply pressure”.

The housing 2 comprises a first low pressure channel 18 and a second low pressure
channel 19. The first low pressure channel 18 is connected to the first low pressure

chamber 5 and the second low pressure channel 19 is connected to the second low

pressure chamber 9.

The valve element 15 comprises a groove 20 connecting in a first switching position of
the switching valve 14 the first low pressure channel 18 with one of the supply pressure

ports P. This first switching position is shown in Fig. 1.

The valve element 15 furthermore comprises a second groove 21 connecting in a
second switching position of the valve element 15 the other supply pressure port P with

the second low pressure chamber 19. This second switching position is shown in Fig. 2.

The valve element 15 comprises a first pressure area arrangement having basically a
first pressure area 22. Furthermore, the valve element 15 comprises a second pressure
area arrangement having two oppositely directed pressure areas 23, 24. The pressure
areas 22, 23 are of equal size. However, a pressure acting on the pressure area 23 acts
on the pressure area 24 in opposite direction so that the effective area of the second
pressure area arrangement 23, 24 is smaller than the effective area of the first pressure

area arrangement 22.

CA 2996155 2018-02-22
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A switching channel 25 is provided in the housing 2. A pressure in the switching channel
25 acts on the first pressure area 22. The switching channel has a first opening 26
which opens into the first high pressure chamber 3. Furthermore, the switching channel

25 has a second opening 27 which opens into space 17.

In the switching position of the valve element 15 shown in Fig. 1 the first opening 26 is
closed by the first high pressure piston 8 and the second opening 27 is open. In this
case the first pressure area 22 is loaded by the pressure in space 17 which is equal to
the tank pressure, 1.e. a low pressure. The supply pressure from the supply pressure
port P acts on the second pressure area arrangement 23, 24. The valve element 15 is

shifted in the position shown in Fig. 1.

In this position supply pressure from the left supply pressure port P reaches the first low
pressure chamber 5. The supply pressure loads a first low pressure area 28 of the first
low pressure piston 9. The first low pressure area 28 is larger than a second high
pressure area 29 of the second high pressure piston 11. Therefore, the first low
pressure piston 9 generates a force shifting the second high pressure piston 11 by
means of the connecting rod 13 in a direction to decrease the volume of the second
high pressure chamber 4 and to increase the pressure of the hydraulic fluid in the high
pressure chamber 4. The fluid with increased pressure is outputted from the high

pressure chamber 4 by means of a check valve (not shown).

When the second high pressure piston 11 has decreased the volume of the second high
pressure chamber 4 almdst to a minimum the first low pressure piston 9 closes the
second opening 27 to interrupt a connection between the first pressure area 22 of the
valve element 15 and the space 17. After a further movement of the first piston
arrangement /7 the first high pressure piston 8 opens the opening 26. At this moment
hydraulic pressure from the first high pressure chamber 3 enters the switching channel
25 and is guided to the first pressure area 22. Since the effective area of the first

pressure area 22 is larger than the effective area of the second pressure areas 23, 24,

CA 2996155 2018-02-22
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the valve element 15 is shifted to its other switching position. This is possible since the

first pressure area 22 and the second pressure area arrangement 23, 24 are loaded by

the same pressure, i.e. the supply pressure of supply pressure P, which is a higher

pressure than the tank pressure. In a way not shown the two high pressure chambers 3,

4 are connected to the supply pressure port P by means of check valves.

When valve element 15 of the switching valve 14 is in the second switching position
shown in Fig. 2 the second low pressure chamber 6 is filled with supply pressure from
the supply pressure port P via the second low pressure channel 19. The pressure in the
low pressure chamber 6 acts on a low pressure area 30 of the second low pressure
piston 12. This second low pressure area 30 is larger than a first high pressure area 31
of the first high pressure piston 8 in a first high pressure chamber 3 so that the pressure
in the second low pressure chamber 6 moves the second piston arrangement 10 to the
left (as shown in Fig. 2). The first high pressure piston 8 decreases the volume of the
first high pressure chamber 3 and increases the pressure of fluid in the first high

pressure chamber 3 which is outputted via a check valve (not shown).

During the movement of the first high pressure piston 8 the first opening 26 is closed by
the first high pressure piston 8. When moving further, the first low pressure piston 9
opens the opening 27 and the pressure in the switching channel 25 1s lowered to the
tank pressure. At this moment the force generated by the supply pressure on the

second pressure area arrangement 23, 24 is larger than the force generated by the tank

pressure on the first pressure area 22. Consequently, the valve element 15 is shifted to

its other switching position to arrive back at the position shown in Fig. 1.

The two piston arrangements 7, 10 are always loaded with pressures acting against

each other so that the piston arrangements 7, 10 are pressed on the connecting rod 13

and no further connection is necessary.

CA 2996155 2018-02-22



The valve element 15 is arranged coaxially with at least one of the piston arrangements
7, 10, preferably coaxially arranged with both piston arrangements 7, 10. The valve
element 15 has at least over a part of its length the same outer diameter as at least one

of the low pressure pistons 9, 12, preferably the same outer diameter as both of the low

pressure pistons 9, 12.

The volume of the space 17 between the two piston arrangements 7, 10 is constant.

Therefore, it is not necessary to move hydraulic fluid out of the space 17 or into the

space keeping losses small.

CA 2996155 2018-02-22



CLAIMS:

1.Double acting hydraulic pressure intensifier (1) comprising a housing (2), a first piston
arrangement (7) having a first high pressure piston (8) in a first high pressure chamber
(3) in the housing (2) and a first low pressure pistoh (9) in a first low pressure chamber
(5) of the housing (2), a second piston arrangement (10), having a second high pressure
piston (11) in a second high pressure chamber (4) in the housing (2) and a second low
pressure piston (12) in a second low pressure chamber (6) in the housing (2), and a
switching valve (14) having a valve element (15), and being located between the first
piston arrangement (7) and the second piston arrangement (10), characterized in that the
valve element (15) has at least over a part of its length an outer diameter which is equal

to an outer diameter of at least one of the low pressure pistons (9, 12).

2. Pressure intensifier according to claim 1, characterized in that the valve element (15)

is arranged coaxial with at least one of the piston arrangements (7, 10).

3. Pressure intensifier according to any of claims 1 or 2, characterized in that a connecting

rod (13) is located between and connects the two piston arrangements (7, 10).

4. Pressure intensifier according to claim 3, characterized in that the connecting rod (13)

runs through the valve element (15).

5. Pressure intensifier according to any one of claims 1 to 4, characterized in that a
movement of the first piston arrangement (7) in a direction to decrease the volume of the
first high pressure chamber (3) is caused by a pressure in the second low pressure
chamber (6) and movement of the second piston arrangement (10) in a direction {o

decrease the volume of the second high pressure chamber (4) is caused by a pressure

in the first low pressure chamber (5).

CA 2996155 2019-04-10



6. Pressure intensifier according to any one of claims 1 to 5, characterized in that in any

switching position of the switching valve (14) a space (17) between the two piston

arrangements Is connected to a tank port (T).

7. Pressure intensifier according to claim 6, characterized in that the space (17) is of

constant volume.

8. Pressure intensifier according to any one of claims 1 to 7, characterized in that the
vaive element (15) comprises a first pressure area arrangement (22) and a second
pressure area arrangement (23, 24), wherein an effective area of the first pressure area
arrangement (22) is larger than an effective area of the second pressure area
arrangement (23, 24), the second pressure area arrangement is permanently loaded by
a first pressure and the first pressure area arrangement (22) is alternatively loaded by the

first pressure and by a second pressure smaller than the first pressure.

9. Pressure intensifier according to claim 8, characterized in that the housing (2)
comprises a switching channel (25) connected to the first pressure area arrangement
(22), wherein the switching channel (25) has a first opening (26) connectable to the first
pressure and a second opening (27) connectable to the second pressure, wherein upon
movement the first piston arrangement (7) covers and releases the first opening (26) and

the second opening (27).

10. Pressure intensifier according to claim 9, characterized in that both openings (26, 27)

are closed during a part of the movement.

10
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