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DESCRIPTION

[0001] The present invention relates to a hydraulic pressure amplifier arrangement comprising
a supply port, a return port, a high pressure port, and a pressure amplifier unit having a low
pressure inlet connected to the supply port and a high pressure outlet connected to the high
pressure port, wherein the pressure amplifier unit comprises an amplification factor and a
control valve is arranged in a connection between the high pressure port and the return port.

[0002] Such a hydraulic pressure amplifier arrangement is known from US 7 726 950 B2. The
pressure outlet is connected with the tank via a valve, which can be operated by a handle.

[0003] A further hydraulic pressure amplifier arrangement is known, for example, from DE 102
49 523 B4. The pressure amplifier unit comprises a differential piston having a low pressure
piston movable in a low pressure cylinder and a high pressure piston movable in a high
pressure cylinder. The low pressure piston and the high pressure piston are movable together.
The amplification factor corresponds to the ratio of the pressure area of the low pressure
piston to the pressure area of the high pressure piston.

[0004] Such a hydraulic pressure amplifier arrangement is used to deliver hydraulic fluid to a
consumer with a pressure which is larger than the pressure supplied to the hydraulic pressure
amplifier arrangement. In this way a pressure source delivering the hydraulic fluid under the
lower pressure can be kept small, while the consumer can be supplied with a higher pressure.
One field of application of such a hydraulic pressure amplifier arrangement is a clamping
arrangement in a machine tool which is hydraulically operated. Using the hydraulic pressure
amplifier arrangement allows to produce high clamping forces without the need to have a
pressure source producing high pressures.

[0005] However, when the high pressure has been supplied to the high pressure port, it is in
some cases necessary to lower the pressure at the high pressure port, for example to
untighten the clamping means.

[0006] The object underlying the invention is to allow the pressure to be released simply and
keeping small the risk of unnecessary energy consumption.

[0007] This object is solved with a hydraulic pressure amplifier arrangement as described at
the outset in that the control valve is controlled by a pressure difference between the high
pressure port and the supply port.

[0008] The control valve can be used to establish a short circuit between the high pressure
port and the return port which is a simple way to release the pressure at the high pressure
port. The control valve is hydraulically operated. The forces to actuate the control valve are
already available in the arrangement, so that additional auxiliary energies are not necessary.
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[0009] In an embodiment of the invention the control valve comprises a first control pressure
area connected to the supply port and a second control pressure area connected to the high
pressure port, wherein a pressure acting on the first pressure area loads the control valve in a
closing direction and a pressure acting on the second pressure area loads the control valve in
an opening direction, wherein a ratio between the first control pressure area and the second
control pressure area is larger than the amplification factor. When the ratio is larger than the
amplification factor, a force produced by the pressure at the supply port is always larger than a
corresponding pressure produced by the pressure at the high pressure port. Thus, the control
valve is kept in the closing condition, so that no short circuit can be established during normal
operation. However, when the pressure at the supply port is reduced, the control valve
automatically opens and establishes the short-circuit (or any other connection) between the
high pressure port and the supply port. This means, that the control valve is fail safe. VWWhen the
pressure source is turned off, the control valve will automatically switch or be moved in the
open condition.

[0010] In an embodiment of the invention the control valve comprises a check valve
interrupting in the closed condition of the control valve the connection between the high
pressure port and the return port. Thus, the control valve blocks a connection between the
high pressure port and the return port only in one direction. If for any reasons the pressure at
the return port is higher than the pressure at the high pressure port, the risk that the amplifier
arrangement is damaged, is kept small.

[0011] In an embodiment of the invention a second control valve is arranged between the
supply port and the pressure amplifier unit, wherein the second control valve is operable to
interrupt the connection between the supply port and the pressure amplifier unit. A control
valve corresponding to the second control valve is known, for example, from DE 10 2009 035
278 B4. The second control valve is used to disconnect or prevent pump pressure, i.e.
pressure at the supply port, from reaching the pressure amplifier unit when the desired
pressure is reached at the high pressure port. Thus, the second control valve helps to prevent
leakage in the amplifier arrangement. When the pressure at the high pressure port decreases,
the second control valve will open automatically and hydraulic fluid will flow to the pressure
amplifier unit which will deliver pressure again until the desired pressure is reached at the high
pressure port and then the second control valve will close again.

[0012] In an embodiment of the invention the second control valve is controlled by a difference
between a pressure at the return port acting on a first control port of the second control valve
and a pressure in the line from the high pressure outlet to the high pressure port acting on a
second control port of the second control valve, wherein the second control port is separated
from the second pressure control area by means of a first check valve opening in a direction
towards the second pressure control area. The second control valve is likewise hydraulically
operated. However, the operation of the first control valve and of the second control valve are
decoupled by means of the first check valve.

[0013] In an embodiment of the invention the first check valve is arranged between the high
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pressure outlet and the high pressure port. The first check valve is in addition used to trap
hydraulic fluid under the higher pressure at the high pressure port, i.e. once the high pressure
is reached at the high pressure port in connection to a hydraulic consumer it cannot leak thus
avoiding unnecessary energy consumption. A decrease of the pressure at the high pressure
port can be achieved only by operating the first control valve.

[0014] In an embodiment of the invention a second check valve is arranged between the high
pressure outlet and the high pressure port upstream a connection to the second control port.
Thus, there are two check valves arranged in series between the high pressure outlet of the
pressure amplifier unit and the high pressure port. However, the pressure to operate the
second control valve is taken from a point between these two check valves.

[0015] In an embodiment of the invention the pressure amplifier unit, the first control valve, the
second control valve, the first check valve, and the second check valve are arranged in a
common housing. This makes the construction of the pressure amplifier arrangement simple.
All connections necessary can be formed by channels within the housing.

[0016] In an embodiment of the invention the housing comprises a number of housing blocks
in form of a stack. Assembling of the housing can simply be performed by stacking the housing
blocks and by connecting them, for example using bolts or screws. The number can be, for
example, four or six.

[0017] In an embodiment of the invention the first control valve and/or the second control valve
are bridging an interface between two adjacent housing blocks. In other words, a first part of a
control valve can be arranged in one housing block and another part of the control valve can
be arranged in an adjacent housing block. Such a construction can be chosen for the first
control valve or the second control valve or for the first control valve and the second control
valve. Such an arrangement is in particular of advantage when the pressure areas or pressure
ports of the control valve have different sizes, as explained before in connection with the first
control valve.

[0018] In an embodiment of the invention the pressure amplifier unit comprises a low pressure
piston arranged in one housing block and a high pressure piston arranged in an adjacent
housing block. Thus, the piston arrangement of the pressure amplifier unit is likewise bridging
an interface between two adjacent housing blocks. Thus, one housing block can be provided
with the low pressure cylinder and the other housing block can be provided with the high
pressure cylinder. This makes the construction simple.

[0019] In an embodiment of the invention the first check valve and the second check valve are
separated by a housing block which accommodates part of the second control valve. Thus, the
two check valves do not disturb each other. However, the space between the two check valves
can be used for accommodating at least part of the second control valve.

[0020] In an embodiment of the invention the first control valve comprises a first control valve
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element and the second control valve comprises a second control valve element, wherein
movable parts of the pressure amplifier unit have the same direction of movement as the first
control valve element and the second control valve element. Movable parts of the pressure
amplifier are, for example, the low pressure piston and the high pressure piston. Using the
same direction of movement for most or even all parts of the pressure amplifier arrangement
keeps small the dimensions of the pressure amplifier arrangement in a direction perpendicular
to the moving direction.

[0021] Preferred embodiments of the invention will now be described in more detail with
reference to the drawings, wherein:

Fig. 1
shows a first embodiment of a hydraulic pressure amplifier arrangement,
Fig. 2
shows a second embodiment of the pressure amplifier arrangement,
Fig. 3
schematically shows the arrangement of several components within a housing,
Fig. 4
schematically shows other components of the pressure amplifier arrangement in the
housing,
Fig. 5
shows a third embodiment of a hydraulic pressure amplifier arrangement,
Fig. 6
shows a fourth embodiment of a hydraulic pressure amplifier arrangement, and
Fig. 7
schematically shows the arrangement of several components within a housing of the
third embodiment.

[0022] The same elements are denoted with the same reference signs in all figures.

[0023] Fig. 1 schematically shows a pressure amplifier arrangement comprising a supply port
IN, a return port R, a high pressure port H1 and a pressure amplifier unit 2 having a low
pressure inlet 3 connected to the supply port IN and a high pressure outlet 4 connected to the
high pressure port H1, wherein the pressure amplifier unit 2 comprises an amplification factor.

[0024] The pressure amplifier unit is described, for example, in DE 196 33 258 C1 or DE 102
49 523 B4. It comprises a differential piston having a low pressure piston movable in a low
pressure cylinder and a high pressure piston movable in a high pressure cylinder. The low
pressure piston and the high pressure piston are movable together at least in an amplification
stroke. The amplifier has an amplification factor which corresponds to the ratio between a
pressure area of the low pressure piston and a pressure area of the high pressure piston. A
switching valve is provided to control the movement of the amplifier piston and to connect the
low pressure cylinder to the supply port IN or to the return port R depending on the moving
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direction of the amplifier piston.

[0025] A hydraulic consumer 5 can be connected to the high pressure port H1. The supply port
IN can be connected to a pump 6 and the return port R can be connected to a tank 7. A further
port H2 can be provided which is connected in parallel to the high pressure port H1. This port
H2 can be used to connect a pressure gauge.

[0026] A first control valve 8 is arranged between the high pressure port H1 and the return port
R. The first control valve 8 is hydraulically operated. It comprises a first control pressure area 9
connected to the supply port IN and a second control pressure area 10 connected to the high
pressure port H1, wherein a pressure acting on the first control pressure area 9 loads the first
control valve 8 in a closing direction and a pressure acting on the second pressure area 10
loads the first control valve 8 in an opening direction. A ratio between the first control pressure
area 9 and the second control pressure area 10 is larger than the amplification factor. This
means, that as long as a positive pressure is available at the supply port IN, the first control
valve 8 is shifted and held in the closing position. Only in case the pressure at the supply port
IN disappears, the first control valve 8 is moved to the opening position shown in fig. 1.

[0027] The first control valve 8 comprises a check valve 11. In the closed position of the control
valve 8 the check valve 11 blocks a flow from the high pressure port H1 to the return port R,
but would allow a flow of hydraulic fluid from the return port R to the high pressure port H1. In
the open position shown in fig. 1, the first control valve 8 establishes a through-going flow path
12 from the high pressure port H1 to the return port R.

[0028] This arrangement is failsafe. WWhen the pressure at the supply port IN disappears, for
example when the pump 6 stops operation, there is no hydraulic fluid having a pressure which
is to be amplified. Thus, the pressure at the first control pressure area 9 disappears and the
pressure at the high pressure port H1 shifts the first control valve 8 into the opening position so
that the pressure at the high pressure port H1 is immediately released.

[0029] A first check valve 13 is arranged between the high pressure outlet 4 and the high
pressure port H1. Aline 14 to the second control pressure area 10 and to the input of the first
control valve 8 on the high pressure side branches off a connection 15 between the high
pressure outlet 4 and the high pressure port H1 downstream the first check valve 13. Thus, as
long as the first control valve 8 is closed, pressure at the high pressure port H1 is trapped and
leakage is avoided.

[0030] The hydraulic pressure amplifier arrangement 1 comprises a second control valve 16
which is arranged between the supply port IN and a low pressure inlet 3 of the pressure
amplifier unit 2. The second control valve 16 is likewise hydraulically operated. It is controlled
by a difference between a pressure at the supply port IN acting on a first control port 17 of the
second control valve 16 and a pressure in a connection 15 from the high pressure outlet 4 to
the high pressure port H1 acting on a second control port 18 of the second control valve 16.
The second control port 18 is separated from the second pressure control area 10 by means
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of the first check valve 13.

[0031] A second check valve 19 is arranged between the high pressure outlet 4 and the first
control valve 13. The second control port 18 of the second control valve 16 is connected to a
point 20 between the two check valves 13, 19.

[0032] The same point 20 is connected to the low pressure inlet 3 of the pressure amplifier unit
2 by means of a dump valve 21 open in a direction away from the low pressure inlet 3 of the
pressure amplifier unit 2. The dump valve 21 can be hydraulically opened when a pressure is
applied to the return port R in order to release the high pressure outlet 4 of the pressure
amplifier unit 2.

[0033] A third check valve 22 is arranged between the second control valve 18 and the high
pressure outlet 4 of the pressure amplifier unit 2. The third check valve 22 is used to fill the
high pressure cylinder of the pressure amplifier unit 2.

[0034] The second control valve 18 is used to disconnect or prevent pump pressure or inlet
pressure at the supply port IN from reaching the pressure amplifier unit 2 when the desired
pressure is reached at the high pressure port H1 thus preventing leakage in the arrangement.
When the pressure at the high pressure port H1 decreases, the second control valve 16 will
open automatically and hydraulic fluid will flow to the pressure amplifier unit which will deliver
pressure again until the desired pressure is reached at the high pressure port H1 and then the
second control valve 16 will close again. To this end it is of advantage to use a second control
valve 16 in which the first control port 17 has a larger pressure area than the second control
port 18. However, in this case the ratio between the area of the first control part 17 and of the
second control part 18 is somewhat smaller than the amplification factor.

[0035] Fig. 2 shows a second embodiment in which the pressure amplifier arrangement 1 is
the same as in fig. 1. However, the hydraulic actuator is a double acting cylinder. A switching
valve 23 is arranged between the pump 6, the supply port IN and the return port R. In the
condition shown in fig. 2 the pump pressure is delivered to the amplifier unit 2 so that the high
pressure port H1 receives hydraulic fluid under the amplified pressure. The return port R is
connected to the tank 7.

[0036] When the switch valve 23 is switched into the other position, the supply port IN is
connected to tank 7, so that the pressure at the low pressure input 3 of the pressure amplifier
unit 2 is decreased. As explained above, this leads to a situation, in which the first control valve
8 is switched to the open condition in which the high pressure port H1 is connected to the
return port R. At the same time the hydraulic consumer 5 is supplied with pressure at another
port 24 loading a piston 25 of the consumer 5 in the other direction. Hydraulic fluid displaced
from a pressure chamber 26 of the hydraulic consumer 5 can flow directly to the return port R.

[0037] Fig. 3 shows schematically some components of the hydraulic pressure amplifier
arrangement and fig. 4 shows some other components. The views in fig. 3 and fig. 4 are from
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different directions, which are, for example, angularly spaced by 90° from each other.

[0038] The pressure amplifier arrangement comprises a housing 27 which comprises a
number of blocks 28-33 which form a stack. The number of blocks can be larger than 6. The
blocks 28-33 are connected to each other by means of bolts or screws.

[0039] The first control valve 8 bridges an interface 34 between two adjacent housing blocks
32, 33. The second control valve 16 bridges an interface 35 between two adjacent housing
blocks 28, 29. The pressure amplifier unit 2 comprises a differential piston 36. The differential
piston 36 comprises a low pressure piston 37 arranged in a low pressure cylinder 38 and a
high pressure piston 39 arranged in a high pressure cylinder 40. The low pressure piston 37
and the high pressure piston 39 are connected by means of a piston rod 41. Thus, the low
pressure piston 37 and the high pressure piston 39 can be moved together at least during an
amplification stroke. The amplification piston 36 bridges likewise an interface 42 between two
adjacent blocks 30, 31.

[0040] The first check valve 13 and the second check valve 19 are separated by the housing
block 32. As mentioned above, the housing block 32 accommodates part of the first control
valve 8.

[0041] Furthermore, the differential piston 36 has a direction of movement. The first control
valve 8 comprises a first control valve element (not shown). The second control valve 16
comprises a second control valve element (not shown). The two control valve elements are
movable in the same direction as the differential piston 36.

[0042] Fig. 5 shows a third embodiment of the pressure amplifier arrangement the function of
which corresponds basically to the first embodiment illustrated in Fig. 1. However, the third
embodiment is simplified.

[0043] The dump valve 21 and the first check valve 13 are omitted. The first control valve 8
replaces the dump valve 21. The first control valve 8 is shown in form of a kind of check valve
opening in a direction away from the high pressure port H1. The first control pressure area 9 is
connected to the supply port IN via the second control vavle 16. The second control pressure
area 10 is connected to the high pressure port H1. Again, the first control pressure area 9 is
larger than the second control pressure area 10, at least by a factor corresponding to the
amplification factor, so that the first control valve 8 is held in a closed condition as long as there
is a pressure at the supply port IN.

[0044] Fig 6 shows a fourth embodiment of a pressure amplifier arrangement which is
basically the same pressure amplifier arrangement as Fig. 5, however, in connection with a
double acting cylinder 5.

[0045] Since in the embodiments of Fig. 5 and 6 two valves, i. e. the dump valve 21 and the
first check valve 13 of Fig. 1, are no longer necessary, the number of blocks can be reduced.
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As it comes out from Fig. 7, only four blocks 28, 29, 30, and 31 are needed.

[0046] The first control valve 8 can have a valve element in form of a ball which is pressed
against a valve seat by the pressure acting on the second control pressure area 10 to close
the first control valve 8 and to hold it in closed condition. To open the first control valve 8, the
ball can be pushed away from the valve seat by a pin connected to a piston which forms the
first control pressure area 9. The diameter of the piston can be made much larger than the
diameter of the ball.

REFERENCES CITED IN THE DESCRIPTION

Cited references

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description

o USY726050E2 [0802]
DE102409523B4 [§003] {8024]
DE1GZ00803527884 188113

o DE1983325801 [0024]




10

15

20

25

30

35

DK/EP 3859166 T3

Patentkrav

1. Hydraulisk trykforsteerkningsanordning (1), der omfatter en forsyningsport (IN),
en returport (R), en hgjtryksport (H1) og en trykforsteerkningsenhed (2), som har
en lavtryksindgang (3), der er forbundet til forsyningsporten (IN), og en hgjtryks-
udgang (4), der er forbundet til hgjtryksporten (H1), hvor trykforsteerkningsenhe-
den (2) omfatter en forsteerkningsfaktor, og en styreventil (8) er anbragt i en for-
bindelse mellem hgjtryksporten (H1) og returporten (R), kendetegnet ved, at
styreventilen (8) styres af en trykforskel mellem hgjtryksporten (H1) og forsynings-
porten (IN).

2. Hydraulisk trykforstaerkningsanordning ifglge krav 1, kendetegnet ved, at sty-
reventilen (8) omfatter et fgrste styretrykomrade (9), der er forbundet til forsy-
ningsporten (IN), og et andet styretrykomrdde (10) der er forbundet til hgjtryks-
porten (H1), hvor et tryk, der virker p3 det fgrste trykomrade (9), belaster styre-
ventilen (8) i en lukkeretning, og et tryk, der virker pd det andet trykomrade (10),
belaster styreventilen (8) i en 8bningsretning, hvor et forhold mellem det fgrste
styretrykomrade (9) og det andet styretrykomrade (10) er stgrre end forsteerk-
ningsfaktoren.

3. Hydraulisk trykforsteerkningsanordning ifglge krav 1 eller 2, kendetegnet ved,
at styreventilen (8) omfatter en kontraventil (11), der i styreventilens (8) lukkede
stilling afbryder forbindelsen mellem hgjtryksporten (H1) og returporten (R).

4. Hydraulisk trykforstaerkningsanordning ifglge et hvilket som helst af kravene 1
til 3, kendetegnet ved, at styreventilen (8) er en fgrste styreventil, og en anden
styreventil (16) er anbragt mellem forsyningsporten (IN) og trykforsteerkningsen-
heden (2), hvor den anden styreventil (16) kan betjenes til at afbryde en forbin-
delse mellem forsyningsporten (IN) og trykforstaerkningsenheden (2).

5. Hydraulisk trykforsteerkningsanordning ifglge krav 4, kendetegnet ved, at den
anden styreventil (16) styres af en forskel mellem et tryk ved forsyningsporten
(IN), der virker pd en fgrste styreport (17) af den anden styreventil (16), og et tryk
i en ledning (15) fra hgjtryksudgangen (4) til hgjtryksporten (H1), der virker pa
den anden styreport (18) af den anden styreventil (16), hvor den anden styreport
(18) er adskilt fra det andet trykreguleringsomrade (10) ved hjeelp af en fgrste
kontraventil (13), der 3bner i en retning mod det andet trykreguleringsomrade
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(10).

6. Hydraulisk trykforsteerkningsanordning ifglge krav 5, kendetegnet ved, at den
farste kontraventil (13) er anbragt mellem hgjtryksudgangen (4) og hgjtryksporten
(H1).

7. Hydraulisk trykforsteerkningsanordning ifglge krav 6, kendetegnet ved, at en
anden kontraventil (19) er anbragt mellem hgjtryksudgangen (4) og hgjtryksporten
(H1) opstrams for en forbindelse til den anden styreport (18).

8. Hydraulisk trykforstaerkningsanordning ifglge krav 7, kendetegnet ved, at
trykforsteerkningsenheden (2), den fgrste styreventil, den anden styreventil (16),
den fgrste kontraventil (13) og den anden kontraventil (19) er anbragt i et feelles
hus (27).

9. Hydraulisk trykforsteerkningsanordning ifglge krav 8, kendetegnet ved, at hu-
set (27) omfatter fire eller seks husblokke (28-33) i form af en stabel.

10. Hydraulisk trykforsteerkningsanordning ifglge krav 9, kendetegnet ved, at
den fgrste styreventil og/eller den anden styreventil (16) danner bro over en graen-
seflade (34, 35) mellem to tilstgdende husblokke (32, 33; 28, 29).

11. Hydraulisk trykforstaerkningsanordning ifglge et hvilket som helst af kravene 8
til 10, kendetegnet ved, at trykforsteerkningsenheden (2) omfatter et lavtryks-
stempel (37), der er anbragt i en husblok (30), og et hgjtryksstempel (39), der er
anbragt i en tilstedende husblok (31).

12. Hydraulisk trykforstaerkningsanordning ifglge et hvilket som helst af kravene 8
til 11, kendetegnet ved, at den fgrste kontraventil (13) og den anden kontraventil
(19) er adskilt af en husblok (32), som rummer en del af den fgrste styreventil.

13. Hydraulisk trykforstaerkningsanordning ifglge et hvilket som helst af kravene 8
til 12, kendetegnet ved, at den fgrste styreventil omfatter et fgrste styreventil-
element, og den anden styreventil (16) omfatter et andet styreventilelement, hvor
bevaegelige dele af trykforsteerkningsenheden (2) har den samme bevaegelsesret-
ning som det fgrste styreventilelement og det andet styreventilelement.
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