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(57) Abstract: The invention relates to a water-abrasive-suspension cutting sys-
tem (1), which has a high-pressure source (3) for providing (301) water under
high pressure, a high-pressure line (5) connected to the high-pressure source (3), a
pressure container (11) for providing an abrasive medium suspension (13) under
high pressure, a lock chamber (21) which is configured to be under high pressure
from time to time and under low pressure from time to time, and a filling valve
(23) for filling (311) the lock chamber (21). The suction side of a pump (31) is
connected fluidically to the lock chamber (21) such that the pump can be shut off
in such a way that, when there is high pressure in the lock chamber (21), the pump
(31) is shut off from the latter, and when there is low pressure in the lock chamber
(21), the pump is capable of sucking an abrasive medium suspension into the lock
chamber (21) through the filling valve (23).

(57) Zusammenfassung: Die hierin offenbarte Wasser-Abrasiv-Suspensions-
Schneidanlage (1) weist eine Hochdruckquelle (3) zum Bereitstellen (301) von
Wasser unter Hochdruck, eine mit der Hochdruckquelle (3) verbundene Hoch-
druckleitung (5),einen Druckbehilter (11) zum Bereitstellen (303) einer un-
ter Hochdruck stehenden Abrasivmittelsuspension (13), eine Schleusenkammer
(21), die dazu ausgestaltet ist, zeitweise unter Hochdruck und zeitweise unter
Niederdruck zu stehen, undein Befiillventil (23) zum Befiillen (311) der Schleu-
senkammer (21), wenn diese unter Niederdruck steht, aut. Dabei ist eine Pumpe
(31) saugseitig mit der Schleusenkammer (21) derart absperrbar fluidverbunden,
dass die Pumpe(31)bei Hochdruck in der Schleusenkammer (21) von dieser ab-
gesperrt ist und bei Niederdruck in der Schleusenkammer (21) in der Lage ist, ei-
ne Abrasivmittelsuspension durch das Befiillventil (23) in die Schleusenkammer
(21) zu saugen.




Water-Abrasive-Suspension Cutting System and Method for Water-Abrasive-Suspension
Cutting

Description

The present disclosure relates to a water-abrasive suspension cutting facility and to a method
for water-abrasive suspension cutting.

Water-abrasive suspension cutting facilities are used for cutting materials by way of a high-
pressure water jet, to which an abrasive agent is added. Water-abrasive suspension cutting facilities
are to be differentiated from water-abrasive injection cutting facilities, conceming which the abrasive
agent is not introduced into the already greatly accelerated water until or at an exit nozzle. Conceming
water-abrasive suspension cutting facilities, the water which is at a high pressure is firstly mixed with
the abrasive agent and the water-abrasive suspension is then accelerated in the exit nozzle. With
regard to water-abrasive injection cutting facilities, although there is not the problem of mixing the
abrasive agent with the water at a high pressure since the abrasive agent is not fed until at the exit
nozzle, the abrasive agent - water ratio however is very limited with regard to water-abrasive injection
cutting facilities and herewith its cutting force. Furthermore, in the case of water-abrasive injection
cutting facilities, entrapped air leads to a reduction of the cutting performance due to the ineffective
acceleration of the abrasive agent particles on being sucked into the water jet, as well as to high air
components in the cutting jet. In contrast, with water-abrasive suspension cutting facilities, the
abrasive agent - water ratio can be selected higher and a higher cutting force can be achieved since
the water is mixed with the abrasive agent in a controlled manner and at high pressure upstream of
the exit nozzle without entrapped air. Thus for example a part of the water flow can be led through an
abrasive agent container which is designed as a pressure tank. Such a facility is known from EP 1 199
136. With regard to these facilities, the refilling of the abrasive agent is a technical challenge, since
for this the facility must be taken out of operation, the abrasive agent container must be brought into
a pressureless state and only then can it be filled. However, in the case of industrial applications a
continuous cutting is often desired, with regard to which the facility does not need to be taken out of
operation for filling the abrasive agent.

EP 2 755 802 B1 and WO 2015/149867A1 describe lock solutions, in order to ensure a
continuous operation of the facility. Due to the particularly high pressures to some extent above 2000
bar, the cyclical pressurisation and depressurisation of a lock chamber however is somewhat of a
technical challenge. In particular, the adjustment of the desired mixing ratio between water and
abrasive agent in the cutting jet has been found to be difficult with the known facilities.
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The water-abrasive suspension cutting facility which is disclosed herein and the water-
abrasive suspension cutting method which is disclosed herein, compared to known solutions, have
the advantage that the filling of the lock chamber takes place more rapidly and the risk of blockages
is minimised. Advantageous embodiments of the disclosure are specified in the dependent claims,
the subsequent description and the drawings.

According to a first aspect of the disclosure, a water-abrasive suspension cutting facility is
provided, with
- ahigh-pressure source for providing water at a high pressure,
- ahigh-pressure conduit which is connected to the high-pressure source,
- a pressure tank for providing a water - abrasive agent suspension which is at a high
pressure,
- alock chamber which is designed to temporarily be at a high pressure and temporarily at a
low pressure, and
- afilling valve for filling the lock chamber when this is at a low pressure, characterised in
that
a pump at the suction side is fluid-connected to the lock chamber in a manner capable of being
shut off such that given high pressure in the lock chamber the pump is shut off from this and given
low pressure in the lock chamber the pump is in the position of sucking an abrasive agent
suspension through the filling valve into the lock chamber.

Herein, a "high pressure"” is to indicate a pressure above 100 bar and "low pressure" a
pressure below 100 bar. The low pressure is preferably the ambient pressure. The pump which is
capable of being shut off is preferably not subjected to high pressure and can therefore be designed
in the form of a membrane pump for low pressure. Even though the pump is fluid-connected where
possible to a region of the lock chamber, in which less abrasive agent is located, for example in a
lateral upper region of the lock chamber, the pumped water can comprise abrasive agent, which
encourages a wearing of the pump. If the pump were to be subjected to the high pressure, then this
wearing of the pump would be a multiple higher.

Optionally, a pump shut-off valve is arranged between the pump and the lock chamber,
said pump shut-off valve preferably being a needle valve which is preferably designed in a
purgable (flushable) manner. The needle valve can be shut off pneumatically via a pressing disc.
The needle can herein be arranged coaxially to a high-pressure entry and lying opposite this, in
order to sealingly press onto a valve seat on the high-pressure entry. A purge inlet can lead laterally
to the valve seat in a manner lying opposite the low pressure exit, so that a purging agent flow can
run from the purge inlet via the valve seat to the low-pressure exit, in order to hence clean the valve
seat and the needle tip from abrasive agent residues, preferably before a closure of the valve.
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In order to create a circulation, the pump can optionally be connected to a refilling funnel
at the delivery side, said refilling funnel at the exit side being fluid connected to the entry side of
the filling valve. Herein, the refilling funnel is preferably arranged above the filling valve, so that
abrasive agent assisted by gravity can sink through the filling valve into the lock chamber. The
pump can push, assist and/or accelerate this vertical abrasive agent flow by way of a vacuum which
is at least temporarily produced by it in the lock chamber. The water which is displaced by the
abrasive agent and which is pumped away out of the lock chamber by the pump can be fed again
to the refilling funnel via the circulation. If the refilling funnel is closed at least during the refilling
of the lock chamber, then the pump with the exit-side pressure can produce a corresponding
overpressure in the refilling funnel and thus increase the pressure difference between the refilling
funnel and the lock chamber, which can accelerate the flow through the filling valve.

Optionally, the pump at the suction side is fluid-connected to an upper region of the lock
chamber in a manner capable of being shut off, in order as much as possible to only deliver clear
water without abrasive agent. A filter or separator can also be provided, in order to minimise the
burdening of the pump with abrasive agent. Since the abrasive agent which flows in the lock
chamber settles in the lower region in the form of a cone up to a certain height, a connection to the
pump is preferably arranged laterally at the top where as little as possible abrasive agent is located.
Apertures or impact plates can be provided in the lock chamber, in order to prevent a sucking of
abrasive agent to the pump as much as possible. Optionally, the pump can be a membrane pump
which merely needs to be designed for operation at low pressure.

Optionally, the lock chamber can be relieved of pressure via a pressure relief valve in the
form of a purgable needle valve. Similarly to a pump shut-off valve, the pressure relief valve wears
to a lesser exit and closes better if it is designed such that it can be purged. In contrast to the pump
shut-off valve, the pressure relief valve however must open whilst a high pressure prevails at a
high-pressure entry of the valve. For this reason, it is advantageous if the pressure relief valve
comprises a check valve at a purge inlet, so that the high pressure cannot discharge into the purge
inlet, but only into a low pressure exit which can be fluid-connected to a discharge.

According to a second aspect of this disclosure, a method for the water-abrasive suspension
cutting is provided, with the following steps:

- providing water at a high pressure in a high-pressure conduit by way of a high-pressure
source,

- providing an abrasive agent suspension which is at a high pressure in a pressure tank,

- cutting a material by way of a high-pressure jet which at least partly comprises the abrasive
agent suspension, amid the removal of the abrasive agent suspension from the pressure
tank,
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- filling a lock chamber which is at a low pressure with abrasive agent amid at least temporal
sucking of an abrasive agent suspension into the lock chamber by way of a pump which
can be shut off from the lock chamber,

- shutting off the pump from the lock chamber,

- pressurising the lock chamber to a high pressure, and

- refilling the pressure tank with abrasive agent from the lock chamber which is at high
pressure, into the pressure tank.

Optionally, the shutting-off of the pump from the lock chamber is effected by a pump shut-
off valve in the form of a needle valve. The valve wear and the sealedness of the valve can be
improved by way of a further step of purging this pump shut-off valve which given an opened
valve can preferably take place shortly before the shutting-off.

The filling, shutting-off, pressurising and refilling can take their course subsequently to
one another and cyclically during a continuous cutting, in order to ensure a continuous cutting
operation of the facility.

Optionally, a pressure relief of the lock chamber from high pressure to low pressure takes
place after the refilling of the pressure tank. This is preferably effected into a discharge via a
pressure relief valve in the form of a purgable needle valve.

According to an independent third aspect of the disclosure, a water-abrasive suspension
cutting facility is provided with a high-pressure source for providing water at a high pressure, a
high-pressure conduit which is connected to the high-pressure source, a pressure tank for providing
a water - abrasive agent suspension which is at a high pressure, a lock chamber with a
pressurisation entry, and a filling valve for refilling abrasive agent into the pressure tank via the
lock chamber. The facility further comprises a pressure accumulator which is connected to the
pressurisation entry of the lock chamber in a manner capable of being shut off, wherein the
pressure accumulator is designed for pressure discharge into the lock chamber.

Herewith, one does not need to provide a separate high-pressure source for pressurising
the lock chamber. Instead, the energy removal from the high-pressure conduit can be spread over
time, without herein lengthening the pressurisation procedure for the lock chamber. The energy
which is required for pressurising the lock chamber can be taken from the high-pressure conduit
for example during a filling of the pressureless lock chamber with abrasive agent or water -
abrasive agent suspension and/or a refilling of the pressure tank from the pressurised lock chamber
by way of a relatively slow pressure charging of the pressure accumulator via a throttle. The
amplitude of the pressure drop in the high-pressure conduit can therefore be reduced to a measure,
at which the cutting performance remains essentially uncompromised.
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The pressurising of the lock chamber does not need to be effected completely by way of a
pressure discharge of the pressure accumulator, but for example can contribute to only 40% or
50% of the pressurisation for example by way of an initial pressure impulse from the pressure
accumulator into the lock chamber. The remaining pressurisation can effected via the high-
pressure conduit in a throttled manner simultaneously or in a temporally staggered manner. The
pressure accumulator can comprise one pressure accumulator unit or several pressure accumulator

units which are connected in parallel or in series.

Optionally, the pressure accumulator can be connected to the high-pressure conduit via at
least one throttle and be charged in pressure via the at least one throttle. The pressure charging can
be directly subsequent to the pressurising of the lock chamber or temporally staggered thereto. For
example, a shut-off valve can be provided, in order to shut off the pressure accumulator after the
pressure discharge, so that the lock chamber can firstly undergo a residual pressurisation from the
high-pressure conduit, without loading the high-pressure conduit simultaneously with the
pressurise charging of the pressure accumulator. Herewith, the amplitude of the pressure drop in
the high-pressure conduit is further reduced.

Optionally, the pressurisation entry can be arranged at a lower region of the lock chamber.
By way of this, the pressurisation entry lies below the abrasive agent level when the lock chamber
is filled with abrasive agent. A pressure impulse which is introduced through the pressurisation
entry and which is preferably produced by the pressure discharge of the pressure accumulator can
herewith loosen and swirl up abrasive agent which is located in the lock chamber. A subsequent
refilling of the pressure tank with abrasive agent from the lock chamber is effected more rapidly
after such a loosening and swirling.

Optionally, the pressurisation entry can be connected to the high-pressure conduit via at
least one throttle in a manner capable of being shut off. Herewith, the lock chamber can be
pressurised at least partly via the high-pressure conduit, so as not to have to design the pressure
accumulator too large or to design it with too many pressure accumulator units. To a certain extent,
indeed a pressure drop in the high-pressure conduit can be tolerated, without the cutting
performance being herein significantly compromised. The energy removal from the high-pressure
conduit is slowed down via the at least one throttle and it is ensured that the amplitude of the
pressure drop does not exceed a certain amount. Hereby, a compromise is preferably made between
the speed of the pressurising and the maximal pressure drop in the high-pressure conduit, wherein
it has been found to be advantageous to rapidly produce about 40% of the pressure in the lock
chamber from the pressure discharge of the pressure accumulator and the rest slowly from the
high-pressure conduit. As a whole, the pressurising process up to the complete pressure magnitude
in the lock chamber can then last for example for 5 to 10 seconds.
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Optionally, the lock chamber can be pressurised during a first time window by way of
pressure discharge of the pressure accumulator and during a second time window from the high-
pressure conduit via at least one throttle, wherein the first and the second time window at least
partly overlap. Preferably, both time windows begin at the same time, by way of a first shut-off
valve downstream of the pressure accumulator and of the high-pressure conduit and upstream of
the pressurisation entry being opened. The high-pressure conduit and an exit of the pressure
accumulator can be brought together downstream of the at least one throttle, so that the pressure
accumulator as well as the high-pressure conduit can pressurise the lock chamber given an opened
shut-off valve. However, the first time window is significantly shorter than the second time
window due to the upstream throttle. A pressure impulse for loosening up the abrasive agent can
thus be introduced into the lock chamber by way of the pressure discharge of the pressure
accumulator, without producing a pressure drop in the high-pressure conduit, said pressure drop
compromising the cutting performance.

Optionally, a second shut-off valve can be arranged between an exit of the pressure
accumulator and the high-pressure conduit, downstream of the at least one throttle. The pressure
charging of the pressure accumulator after a pressure discharge procedure can be delayed with this
second shut-off valve, in order not to load the high-pressure conduit during the remaining
pressurisation of the lock chamber. Alternatively, the pressure charging of the pressure
accumulator could begin immediately at a reversal point, at which a charging pressure just exceeds
the discharging pressure.

Optionally, the pressure accumulator can be a spring accumulator or a bubble accumulator.

According to an independent fourth aspect of the disclosure, a water-abrasive suspension
cutting method is provided with the steps:

- providing water at a high pressure in a high-pressure conduit by way of a high-pressure
source,

- providing an abrasive agent suspension which is under pressure in a pressure tank,

- cufting a material by way of a high-pressure jet which at least partly comprises the abrasive
agent suspension, amid the removal of the abrasive agent suspension from the pressure
tank,

- filling a non-pressurised lock chamber with abrasive agent or a water - abrasive agent
suspension,

- atleast partially pressurising the lock chamber by way of a pressure discharge of a pressure
accumulator, and

- refilling the pressure tank with abrasive agent or with an abrasive agent suspension from
the pressurised lock chamber into the pressure tank via a filling valve.
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Optionally, the method can comprise a further step of pressure charging a pressure
accumulator from the high-pressure conduit via at least one throttle. One can herewith make do
without an additional high-pressure source.

Optionally, the method can comprise an at least partial pressurising of the lock chamber
from the high-pressure conduit via at least one throttle. This step can at least partly overlap with
the step of the at least partial pressuring of the lock chamber by way of pressure discharge of the
pressure accumulator, and preferably begin at the same time as this, but preferably end later than
this. As has already been described above, the pressure accumulator can herewith be designed
smaller or with less pressure accumulator units than if the complete pressure of the lock chamber
were to be fed from the pressure accumulator.

Optionally, the pressurising of the lock chamber by way of pressure discharge of the
pressure accumulator and/or an at least partial pressuring of the lock chamber from the high-
pressure conduit via at least one throttle can be effected in a manner such that abrasive agent which
is located in the lock chamber can be loosened up by a pressure impulse. On account of this, the
subsequent step of refilling the pressure tank with abrasive agent from the lock chamber can be
effected much more rapidly.

Optionally, the pressurising of the lock chamber by pressure discharge of the pressure
accumulator and/or the pressurising of the lock chamber from the high-pressure conduit can be
effected into a lower region of the lock chamber. Since abrasive agent drops into the lower
direction of the lock chamber on account of gravity, it is herewith ensured that the abrasive agent
is loosened up by a pressure impulse. Furthermore, the danger of becoming lumpy is greatest in
the preferably narrowed lower region of the lock chamber which leads to the refilling valve which
is preferably arranged therebelow.

Optionally, the pressurising of the lock chamber by way of pressure discharge of a pressure
accumulator can be effected during a first time window and the pressurising of the lock chamber
from the high-pressure conduit during a second time window, wherein the first and the second
time window at least partly overlap.

Optionally, the lock chamber can be shut-off from the pressure accumulator and/or from
the at least one high-pressure conduit during the filling and the refilling. In particular, this time can
be utilised for pressure charging the pressure accumulator. The pressure charging of the pressure
accumulator can take place at least so rapidly via at least one throttle, that the pressure accumulator
is charged with pressure again before the next pressuring step, and at least so slowly that the
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amplitude of the pressure drop in the high-pressure conduit, said pressure drop being caused by
the pressure charging, does not significantly compromise the cutting performance.

Optionally, energy can be stored in the pressure accumulator via a spring compression or
fluid compression, during the pressure charging of the pressure accumulator.

Optionally, the filling, the pressurising and the refilling can take their course in a cyclical
manner whilst the cutting is carried out in a continuous manner.

Optionally, the pressure accumulator can be initially shut-off from the high-pressure
conduit after the pressurising of the lock chamber by way of pressure discharge of the pressure
accumulator, wherein the pressure accumulator is not charged in pressure from the high-pressure
conduit until the lock chamber has been pressurised at least partly from the high-pressure conduit
via at least one throttle.

The disclosure is hereinafter explained in more detail by way of embodiment examples
which are represented in the drawings. There are shown in:

Fig. 1 a schematic block diagram of a first embodiment example of the water-abrasive
suspension cutting facility which is disclosed herein,

Fig. 2 a schematic block diagram of a second embodiment example of the water-abrasive
suspension cutting facility which is disclosed herein;

Fig. 3 a schematic block diagram of a third embodiment example of the water-abrasive
suspension cutting facility which is disclosed herein;

Fig.4 a schematic block diagram of a fourth embodiment example of the water-abrasive
suspension cutting facility which is disclosed herein;

Fig. 5 a schematic block diagram of a fifth embodiment example of the water-abrasive
suspension cutting facility which is disclosed herein;

Fig. 6a-c schematic part block diagrams of three different embodiments of a delivery aid of
the water-abrasive suspension cutting facility which is disclosed herein;

Fig. 7a-c schematic part block diagrams of three different embodiments of an abrasive agent
flow control of the water-abrasive suspension cutting facility which is disclosed
herein;
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schematic block diagrams of five different embodiments of an abrasive agent
refilling device of the water-abrasive suspension cutting facility which is disclosed
herein;

a schematic sequence diagram of an embodiment example of the method which is
disclosed herein, for water-abrasive suspension cutting;

pressure-time diagrams in a lock chamber, in a pressure tank and in a high-pressure
conduit, according to an embodiment example of the water-abrasive suspension
cutting facility which is disclosed herein;

cross sections in an xz-plane through a refilling valve in two different open
positions, according to an embodiment example of the water-abrasive suspension
cutting facility which is disclosed herein;

cross sections in an xz-plane through a refilling valve in two different closure
positions, according to an embodiment example of the water-abrasive suspension
cutting facility which is disclosed herein,;

cross sections in a yz -lane through a refilling valve in a closure position, according
to two different embodiment examples of the water-abrasive suspension cutting
facility which is disclosed herein;

perspective views of a refilling valve according to an embodiment example of the
water-abrasive suspension cutting facility which is disclosed herein; and

cross sections through a shut-off valve in the form of a needle valve according to
two different embodiment examples of the water-abrasive suspension cutting
facility which is disclosed herein, in an open position. ‘

The water-abrasive suspension cutting facility 1 which is shown in Fig. 1 comprises a high-

pressure source 3 which in a high-pressure conduit 5 provides water at a high pressure po of about
1,500 to 4,000 bar. The high-pressure conduit 5 is connected to an exit nozzle 7, from which the
water which is under a high pressure exits in a jet 9 at a very high speed. In order for the jet 9 to
be able to be used effectively as a cutting jet for cutting material, the high-pressure conduit 5 is
branched in a manner such that at least a part of the throughflow through the high-pressure conduit
5 is led through a pressure tank 11, in which a water - abrasive agent suspension 13 is located. The

feeding of the water - abrasive agent suspension 13 to the exit nozzle can be switched on and off
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via a shut-off valve 15. The share of the water - abrasive agent suspension 13 in the jet 9 can be
adjusted via a throttle 17, by way of the throughput quantity in the auxiliary line of the high-
pressure conduit 5 which is led through the pressure tank 11 being throttled. The throttle 17 can be
designed statically for example in the form of a hole plate or be adjustable or regulatable. The
throttle 17 is preferably adjustable, so that the throttle 17 can shut off the feed flow into the pressure
tank 11, possibly also in a complete manner, so that one can make do without the shut-off valve
15. The throttle 17 is preferably regulatable, wherein a signal which is characteristic of the abrasive
agent removal flow and which can be obtained from a sensor or from an available operating
parameter can be used as a control variable for the regulation of the opening of the throttle 17 (see
Fig. 7a-c).

On cutting, water - abrasive agent suspension 13 is taken from the pressure tank 11 and
water is fed to this at a high pressure, wherein the abrasive agent which is located in the pressure
tank 11 is therefore consumed. The pressure tank 11 must therefore be continuously or sequentially
refilled with abrasive agent. For this, a refilling valve 19 in the form of a ball cock is arranged
above the pressure tank 11. The refilling valve 19 connects a lock chamber 21 which is arranged
above the refilling valve 19, to the pressure tank 11. In turn, a filling valve 23 which connects a
refilling funnel 25 which is arranged above the lock chamber 21 to the lock chamber 21 is arranged
above the lock chamber 21. The filling valve 23 can be designed with essentially an identical
construction as the refilling valve 19 in the form of a ball cock.

The refilling funnel 25 is not under pressure, so that dry, humid or wet abrasive agent or a
water - abrasive agent suspension can be filled in from above (see Figures 8-12). This at least partly
can be an abrasive agent which is recovered from the cutting jet 9 and which in a dry, wet, frozen,
pelleted or suspended form can be filled from above into the refilling funnel 25 via a delivery
device (see Figures 8-12). If the refilling valve 19 is closed, then the lock chamber 21 can be partly
without pressure. For example, a pressure in the lock chamber 21 can be relieved into a discharge
29 via a pressure relief valve 27 in the form of a needle valve. The filling valve 23 can be opened
given a pressureless lock chamber 21, so that abrasive agent falls from the refilling funnel 25 into
the lock chamber 21. This filling of the lock chamber 21 with abrasive agent due to gravity can be
assisted or accelerated by a pump 31. The pump 31 can be connected to the lock chamber 21 at the
suction side and to the refilling funnel 25 at the delivery side. The pump 31 can herewith suck
abrasive agent into the lock chamber 21. Above all, this makes particular sense if abrasive agent
gets clogged in the tapered lower region of the refilling funnel 25 or at the filling valve 23. A
clogging can be overcome or the occurrence of such can be prevented by way of sucking the
abrasive agent downwards by way of the pump 31. So that the pump 31 does not need to be
designed for high pressure, it is advantageous for the pump 31 to be able to be shut off from the
lock chamber 21 by way of a pump shut-off valve 33 in the form of a needle valve. The pump
shut-off valve 33 can herein be designed such that it can be purged, in order to purge the valve seat
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and the valve body, e.g. in the form of a valve needle, free of abrasive agent (see Figures 19a-b).
By way of this, on the one hand a sealed closure of the pump shut-off valve 33 is ensured and on
the other hand the material wear in the valve is reduced. The pump 31 can be protected from
abrasive agent to a high degree by a filter and/or separator (both not shown) which are arranged
upstream.

The pump shut-off valve 33 is only opened when the lock chamber 21 is already
pressureless. For this reason, a first embodiment of the needle valve according to Fig. 19a can be
used for the pump shut-off valve 33, concerning which a lateral purge inlet and a lateral purge
outlet which lies opposite this are provided. In confrast, the second embodiment of the needle valve
according to Fig. 19b, concerning which a check valve is provided on the purge inlet, is more
advantageous for the pressure relief valve 27. Since the pressure relief valve 27 is opened at high
pressure, the check valve prevents a pressure relief in the direction of the purge inlet. The purge
outlet can run out into the discharge 29, so that the pressure relief as well as the purging agent
discharge takes place exclusively towards the discharge 29 and not to the purge inlet.

The filling valve 23 can be closed as soon as the lock chamber 21 is then filled for example
with 1 kg of abrasive agent. Furthermore, the pressure relief valve 27 and the pump shut-off valve
33 are now closed. The lock chamber 21 in a lower region comprises a pressurisation entry 35, via
which the lock chamber 21 can be pressurised. The pressurisation entry 35 in the embodiment
example of Fig. 1, in a manner capable of being shut off is connected to a pressure accumulator 39
via a pressurisation valve 37 in the form of a needle valve and to the high-pressure conduit 5 via
throttles 41 42. The pressure accumulator 39 comprises two pressure accumnulator units in the form
of spring accumulators which are connected in parallel to the entry of the pressurisation valve 37.
The pressure accumulator 39 is connected to the high-pressure conduit 5 via the throttle 41. The
throttles 41, 42 can be designed in a static manner, for example in the form of hole plates, or in an
adjustable or regulatable manner. If the throttles 41, 42 are adjustable to a certain degree, with
regard to which the connection between the high-pressure conduit 5 and the pressurisation entry
35 can be completely shut off, then one can possibly make do without the pressurisation valve 37.
The pressure accumulator 39 is completely charged in pressure before the lock chamber 21 is
pressurised. As soon as the pressurisation valve 37 is opened, the pressure accumulator 39
discharges pressure into the lock chamber 21 and hence rapidly subjects this to about 40% of the
high pressure po which is provided in the high-pressure conduit 5 as a nominal high pressure by
the high-pressure source 3.

A pressure impulse is introduced from below into the lock chamber 21 by way of this rapid part-
pressurisation, said pressure impulse loosening up the abrasive agent. This is advantageous for the
later discharge of the abrasive agent into the pressure tank 11. Since the high-pressure conduit 5 is
also connected to the lock chamber 21 via the throttle 41, a throttled, i.e. slower pressurisation
through the high-pressure conduit 5 takes place with the opening of the pressurisation valve 37.
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As soon as the pressure accumulator 39 is discharged of pressure, the remaining required pressure
in the lock chamber 21 is built up from about 60% of the nominal high pressure po exclusively via
the throttled, i.e. slower pressurisation from the high-pressure conduit 5. The amplitude of the
pressure drop in the high-pressure conduit 5 is limited to a minimum herewith.

In the first embodiment which is shown in Fig. 1, the pressure accumulator 39 is charged
in pressure immediately from the moment, in which it has discharged itself of pressure. In this
case, the high-pressure conduit 5 pressurises the lock chamber 21 with the residual pressure as well
as the pressure accumulator 39. This is particularly advantageous when the charging of the pressure
accumulator 39 with pressure is so time-consuming that the refilling throughput rate depends on
the pressure charging time of the pressure accumulator 39.

In the second embodiment which is shown in Fig. 2, the pressure accumulator 39 can be
shut off by a pressure accumulator valve 43 in the form of a needle valve. The pressure accumulator
valve 43 can be shut off at the moment, in which the pressure accumulator 39 has discharged itself
of pressure, in order not to additionally load the high-pressure conduit 5 by the pressurisation of
the pressure accumulator 39 during the pressurisation of the lock chamber 21. Such a loading could
cause a pressure drop in the high-pressure conduit 5 which could have a negative influence upon
the cutting performance at the exit nozzle 7. For this reason, it is advantageous for the pressure
accumulator valve 43 not to open until the lock chamber 21 is completely pressurised and the
pressurisation valve 37 is closed, so that the pressure accumulator 39 can be charged in pressure
from the high-pressure conduit 5 via the throttle 41. In particular, this is advantageous if the
pressure charging of the pressure accumulator 39 is not so time-consuming that the refilling
throughput rate depends on the pressure charging time of the pressure accumulator 39. The filling
of the lock chamber 21 and the refilling of the pressure tank 11 can last at least longer than the
pressure charging of the pressure accumulator 39. The throttle 41 can be set/adjusted such that the
pressure charging of the pressure accumulator 39 takes its course as slowly as possible, but still
rapidly enough so that the pressure accumulator 39 is completely charged in pressure before the
next procedure, for pressurising the lock chamber 21.

In a third embodiment according to Fig. 3, one completely forgoes the pressure
accumulator 39, and the lock chamber 21 is pressurised exclusively from the high-pressure conduit
5 via the throttle 41. This is advantageous if the high-pressure source 3 for example via a servo
pump control can react so quickly to an initial pressure drop and the pump power adapted
accordingly, that a large amplitude of the pressure drop does not even occur in the first place. An
initial pressure drop can be communicated to the high-pressure source 3 via pressure sensors, SO
that the high-pressure source 3 can rapidly counter-control a further pressure drop with an increase
in the power or a speed increase. The initial pressure drop can already be lessened via the throttle
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41, so that at no point in time does a pressure drop which significantly compromises the cutting
power occur.

As soon as the lock chamber 21 has now been completely pressurised, the refilling valve
19 can be opened, so that abrasive agent can flow out of the lock chamber 21 through the refilling
valve 19 into the pressure tank 11 due to gravity or assisted by gravity, in order to refill this pressure
tank. A delivery aid 45, for example in the form of a pump is preferably provided, said delivery
aid at the suction side being connected to the pressure tank 11 and at the delivery side to the lock
chamber 21. The delivery aid 45 assists or produces the abrasive agent flow from the lock chamber
21 downwards into the pressure tank 11. It can prevent or release clogging of abrasive agent and
accelerate the refilling procedure which is caused or assisted by gravity. In contrast to the pump
31 on the refilling funnel 25, the delivery aid 45 on the pressure tank 11 operates with water at the
nominal high pressure po. For this reason, it must be designed for high-pressure operation. For
example, as is shown in Fig. 6b, it can merely comprise an inductively driven impeller in high-
pressure, so that the number of moving parts which are subjected to a high pressure is minimised.
A delivery aid shut-off valve 47 is arranged between the delivery aid 45 and the lock chamber 21,
wherein the delivery aid shut-off valve 47 in the form of a needle valve can shut off the pump 47
with respect to the lock chamber 21 when the lock chamber 21 is not or not completely pressurised.
The delivery aid shut-off valve 47 is preferably a purgable needle valve according to Fig. 19b with
a check valve at the purge inlet, since it is actuated at a high pressure.

Fig. 6a-c show different alternative embodiments for the delivery aid 45. The delivery aid
45 for example can comprise an impeller which is externally driven by a shaft (see Fig. 6a) or an
inductively driven impeller (see Fig. 6b). The delivery aid 45 can also assist in the refilling of
abrasive agent into the pressure tank 11 via a piston stroke (see Fig. 6¢). The delivery aid 45 can
pump or deliver in a continuous manner or in a temporally limited or pulsed manner. Possibly, it
can be sufficient for the abrasive agent flow into the pressure tank 11 to only initially be assisted
and for it to then continue in a sufficiently rapid manner solely in a gravity-assisted manner.
Alternatively or additionally, the abrasive agent flow into the pressure tank 11 can be assisted or
produced in a continuous manner.

Apart from an upper entry 49 and a lower valve exit 51, the refilling valve 19 can also
comprise a lateral pressure inlet 53. A valve space, in which a movable valve body is located, can
be subjected to pressure via the pressure inlet 53. Specifically, in the absence of pressurisation of
the valve space, it can be the case that the very high pressures upon the valve entry 49 and the
valve exit 51 on starting operation of the facility press the valve body so greatly into the valve seat
that the valve body can no longer be moved. A pressure compensation in the refilling valve 19 can
be created via the lateral pressure inlet 53, so that the valve body is movable after starting
operation.
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A purging (flushing) for the refilling valve 19 is provided in the fourth or fifth embodiment
example which is shown in Fig. 4 and 5. For this, a purging source 55 can be connected to the
pressure inlet 53 in a manner capable of being shut off (see Fig. 4). Preferably, three purge valves
57, 59, 61 (flushing valves) which can switch the purging on and off which is to say separate it
from the high pressure, are provided for this. A first purge valve 57 in the form of a needle valve
is arranged between the delivery aid 45 and the pressure inlet 53. A second purge valve 59, here
also denoted as a purge outlet valve 59, in the form of a needle valve is arranged between a lateral
purge outlet 63 and a discharge 65. A third purge valve 61 in the form of a needle valve is arranged
between the purging source 55 and the pressure inlet 53.

The refilling valve 19 is preferably closed in order to now purge the refilling valve 19 with
water or a water - purging agent mixture, in order to be able to free a valve space of the refilling
valve 19 from the abrasive agent residue. The first purge valve 57 is likewise closed so that
pressure can be relieved from the pressure inlet 53 without relieving the pressure at the delivery
aid 45. The second purge valve 59 is opened towards the discharge 65, so that the possibly existing
high pressure can be relieved from the valve space. If now the third purge valve 61 is opened, then
water or a water - purging agent mixture flows through the valve space to the discharge 65 and
hence purges (rinses) this free of abrasive agent residues. The purging of the refilling valve 19
given a completely pressureless facility 1, in order to be able to completely flush out the valve
space and herein to possibly be able to move the valve body, is preferably carried out as a service
procedure.

As an alternative to the fourth embodiment according to Fig. 4, in a fifth embodiment
according to Fig. 5 a purge inlet 66 can be provided separately from the pressure inlet 53 (see also
Fig. 15a-b and 17a-b). The pressure inlet 53 can be arranged coaxially to a servomotor shaft 86
and be arranged opposite this, wherein the purge inlet 66 and the purge outlet 63 transversely to
the servomotor shaft 86 can be arranged coaxially to one another and each at opposite sides.

The purging is completed again by way of closing the three purge valves 57, 59, 61 in the
reverse sequence, i.e. the third purge valve 61 is firstly closed, so that the purging flow is stopped.
The second purge valve 59 is then closed, in order to close off the valve space with respect to the
discharge 65. Finally, the first purge valve 57 can be opened so that the valve space is subjected to
high pressure. The pressurising of the valve space is advantageous since a valve body in the
refilling valve 19 can be pressed so greatly into a valve seat by way of the high pressure difference
between the valve exit 51 or the valve entry 49 and the valve space, that this valve body can no
longer be moved. In contrast, the pressurising of the valve space creates a pressure equalisation,
so that the valve body in the refilling valve 19 remains movable.
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A preferred regulation (closed-loop control) of the abrasive agent removal flow is
illustrated in the part block diagrams according to Fig. 7a-c. A branching of the high-pressure
conduit 5 is led through the pressure tank 11 which is filled with abrasive agent suspension 13, for
admixing abrasive agent into the cutting jet 9. A removal location 68 which is arranged in the
lower region of the pressure tank 11 is connected to the exit nozzle 7 via an abrasive agent conduit
70, and a branching of the high-pressure conduit 5 is led via a regulation valve or regulatable
throttle 17 into an upper region of the pressure tank 11. The abrasive agent conduit upstream of
the exit nozzle 7 is brought together again with the high-pressure conduit 5 downstream of the
pressure tank 11, so that the cutting jet for example comprises a mixing ratio of 1:9 of abrasive
agent suspension to water. Herein, the mixing ratio can be regulated (closed-loop controlled) via
the throttle or regulation valve 17, which is connected to the pressure tank 11 at the entry side.
Given a maximal open position of the regulation valve 17, the abrasive agent removal flow is
maximal and the mixing ratio is maximal. Given a minimal open position or closure position (see
Fig. 7b or 7c) of the regulation valve 17, the abrasive agent removal flow is minimal or zero and
the mixing ratio is accordingly low or the cutting jet 9 then comprises exclusively water.

Now, for various reasons, it is advantageous to measure and regulate the actual abrasive
agent removal flow. On the one hand, a certain mixing ratio can be optimal for the cutting of certain
materials, workpieces or workpiece sections, concerning which only as much abrasive agent as is
necessary for achieving the cutting performance is removed. Concerning inhomogeneous
workpieces, the cutting power can be adapted during the cutting via the mixing ratio. On the other
hand, the refilling of the pressure tank 11 with abrasive agent in accordance with the abrasive agent
removal flow can be controlled such that sufficient abrasive agent suspension 13 is constantly
present in the pressure tank 11 for a continuous cutting. In Fig. 7a-c, four different filling levels of
the abrasive agent in the pressure tank 11 are indicated by dashed cones. Two further filling level
cones Fi and F> are shown between a maximal filling level cone Fmax and a minimal filling level
cone€ Fin, wherein Fuax>F1>F2>Fmin. Here, it is once again pointed out that the complete facility 1
and in particular the pressure tank 11 are completely free of air. This means that the filling level
cones are located in water subjected to high pressure. The maximal filling level cone Fmax is defined
in that a backlog into the refilling valve 19 would result given a further refilling with abrasive agent
into the pressure tank 11. The minimal filling level cone Fumin is defined in that given a further
abrasive agent removal, the abrasive agent share of the abrasive agent suspension in the exit-side
abrasive agent conduit 70 would reduce.

As is shown in Fig. 7a and 7b, filling level sensors 72, 74, 76 can be arranged on the
pressure tank 11, in order to signalise the reaching of the filling level cone. The filling level sensors
72, 74, 76 can be for example ultrasound sensors, optical sensors or light barriers, electromagnetic
sensors or sensors of another type. Here, the filling level sensors 72, 74, 76 are ultrasound sensors
which can signalise a reaching of a filling level cone via a change of the structure-borne sound. An
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upper filling level sensor 72 for example can signalise the reaching of the filling level cone F; and
start a timer or define a point in time t;. A lower filling level sensor 74 can for example signalise
the reaching of the filling level cone F> and stop a timer after At or define a point in time t2. An
average abrasive agent removal flow can be determined via the known geometry of the pressure
tank 11 and the vertical distance of the filling level sensors 72, 74, as AV/At or AV(t2-t1). The third
lowermost filling level sensor 76 can signalise the minimal filling level cone Fmin and immediately
effect a shut-off of the shut-off valve 15 in order to prevent the pressure tank 11 from being sucked
empty. According to Fig. 7b, other operating parameters such as for instance the pump speed of
the high-pressure source 3 can be used for determining the abrasive agent removal flow and its
regulation as a control variable for the regulation valve 17. As is shown in Fig. 7c, the abrasive
agent throughput or the mixing ratio can be determined by way of a suitable sensor 79 also at the
abrasive agent conduit 70 or upstream of the exit nozzle 7 and be used as a control variable for the
regulation valve 17.

The filling level sensors 72, 74 can also be used to control or cycle the refilling cycles. For
example, above the upper filling level sensor 72 a filling of the lock chamber 21 can fit between
the filling level cone F; and the maximal filling level cone Fmax. If the fluid level cone drops below
Fi, then the upper filling level sensor 72 can activate a filling of the lock chamber 21 so that this
is completely filled when the lower filling level sensor 74 signalises the filling level cone F» and
can herewith activate a refilling from the filled lock chamber 21 into the pressure tank 11.
Herewith, one prevents the filling level cone from dropping to the minimal filling level cone Fumin.
At least a filling of the lock chamber 21 as a buffer can fit between the minimal filling level cone
Fumin and the filling level cone F>. As an alternative to an activating of the filling of the lock chamber
21 given a certain filling level, the lock chamber 21 can be automatically immediately filled again
as soon as the refilling of the pressure tank 11 is completed. The refilling from the lock chamber
21 then only needs to be actuated at the filling level cone Fa. The vertical distance between the
upper filling level sensor 72 and the lower filling level sensor 74 can be selected relative short, for
example so short that a dropping between F; and F» lasts for a shorter period of time than a filling
procedure of the lock chamber 21. Given a shorter vertical distance, the average abrasive agent
removal flow AV/At or AV(tz-t;) can be determined more frequently and herewith can more

accurately represent the current abrasive agent removal flow dV/dt.

Fig. 8 to 12 show different possibilities of bringing abrasive agent in a dry, wet, moist,
suspended, frozen, pelleted or another form, into the refilling funnel 25 or directly into the filling
valve 23. A preloading container 78, from which abrasive agent suspension is delivered into the
refilling funnel 25 by way of a pump 80 is provided in Fig. 8. On loading the refilling funnel 25,
water which is displaced by the sinking abrasive agent can run off via an overflow 82 on the
refilling funnel.
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A preloading container 78, from which dry, powder-like or moist lumpy abrasive agent is
delivered into the refilling funnel 25 by way of a delivery screw 84 and/or a conveyor belt 85 is
provided in Fig. 9. Here too, on loading the refilling funnel 25, water which is displaced by the
sinking abrasive agent can run off via the overflow 82 on the refilling funnel 25. The abrasive
agent can be recovered and processed from the waste water of the cutting jet 9 after a cutting
process for example, so that it can be utilised for a further cutting process. The advantage of this
facility compared to known water-abrasive suspension cutting facilities is that such a reprocessed
abrasive agent does not need to be dried and can be filled into the facility in a moist-lumpy or
arbitrary form.

No overflow 82 is provided in Fig. 10, but a circulation between the refilling funnel 25 and
the preloading container 78, wherein the pump 80 at the exit side of the refilling funnel 25 drives
the circulation for filling the refilling funnel 25 with abrasive agent. In this case, the refilling funnel
25 is preferably closed, so that the pump 80 can suck abrasive agent suspension out of the
preloading container 78. Thereby, it is advantageous for the pump 80 to deliver relatively clean
water and no saturated abrasive agent suspension as in Fig. 8. The wearing in the pump 80 is
reduced by way of this. Furthermore, a sucking of the abrasive agent suspension is less prone to
clogging than a pressurising. As is shown in Fig. 11, a delivery screw 84 can however also be
arranged at the entry side to the refilling funnel 25 in order to deliver abrasive agent into the
refilling funnel 25. In particular, this is advantageous if no abrasive agent suspension is in the
preloading container 78, but abrasive agent as a dry powder or in moist-lumpy form.

One can even completely forgo the refilling funnel 25 (see Fig. 12) if the delivery via a
conveying screw 84 or a pump 80 takes place rapidly enough and directly into the filling valve 23
in a controlled manner. The water which is displaced by the abrasive agent on filling the lock
chamber 21 can be led out of the lock chamber 21 back into the refilling funnel 25 via the pump
shut-off valve 33. This can also be assisted by a pump 31 according to Fig. 1 to 5, in order to
additionally actively suck abrasive agent into the lock chamber 21.

The refilling of the abrasive agent into the pressure tank 11 according to an embodiment
example of the method which is disclosed herein, for water-abrasive suspension cutting, is effected
in a portioned and cyclical manner, during which a workpiece which is to be machined can be
continuously cut with the cutting jet 9. Fig. 13 illustrates the method steps in the temporal course.
In a first step 301, water is provided at a high pressure in the high-pressure conduit 5 by way of
the high-pressure source 3. Herewith, an abrasive agent suspension which is also under pressure is
also provided 303 in the pressure tank 11. Herewith, a workpiece can already be cut 305 by way
of the high-pressure jet 9 which at least partly comprises the abrasive agent suspension, whilst
removing the abrasive agent suspension from the pressure tank 11. The steps 307 to 311 serve for
the portioned and cyclical refilling of the pressure tank 11 with abrasive agent during the
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continuous cutting 305. The non-pressurised lock chamber 21 is firstly filled 307 with abrasive
agent or with an abrasive agent suspension. During the filling, the delivery aid 45 is shut-off from
the non-pressurised lock chamber 21 by way of the delivery aid shut-off valve 47. The pump 31 is
then shut off 308 from the lock chamber 21. The lock chamber is subsequently at least partly
pressurised 309 by way of pressure discharge of the pressure accumulator 39, and finally the
pressure tank 11 is refilled 311 with abrasive agent or an abrasive agent suspension from the
pressurised lock chamber 21 via the refilling valve 19. On refilling 311, the delivery aid 45 is fluid-
connected to the pressurised lock chamber 21 via the opened delivery aid shut-off valve 47. After
the refilling 311, the delivery aid shut-off valve 47 as well as the pressurisation valve 37 and the
refilling valve 19 are shut off in order to be able to pressure-relieve the lock chamber 21 into the
discharge 29 via the pressure relief valve 27 for the next filling step.

The pressure accumulator can be charged in pressure 313 from the high-pressure conduit
5 via the throttle 41 during the filling 307 of the lock chamber 21 or during the refilling 311 of the
pressure tank 11. Starting at the same time as the pressurising 309 of the lock chamber 21 from the
pressure accumulator 39, the lock chamber 21 can be at least partly pressurised 315 from the high-
pressure conduit 5 via the throttle 41. This slow throttled pressurising 315 from the high-pressure
conduit 5 can last longer than the rapid pressurising 309 by way of the pressure discharge of the
pressure accumulator 39. In other words, the pressurising 309 of the lock chamber 21 by way of
the pressure discharge of a pressure accumulator 309 can be effected during a first time window
A and the pressurising 315 of the lock chamber 21 from the high-pressure conduit 5 can be effected
during a second time window B, wherein the first time window A and the second time window B
at least partly overlap, preferably at their beginning.

The pressurising 309 of the lock chamber 21 by pressure discharge of the pressure
accumulator can be effected so rapidly, that abrasive agent which is located in the lock chamber
21 is loosened up by a pressure impulse. Herein, the pressurising 309 of the lock chamber by way
of pressure discharge of the pressure accumulator 39 is preferably effected in a lower region of the
lock chamber 21, since any clogging of abrasive agent is more probable in a lower region than in
an upper region.

Optionally, the pressurisation entry 35 of the lock chamber 21 can be shut off from the
pressure accumulator 39 and/or from the high-pressure conduit 5 during the filling 307 and the
refilling 311. The pressurising 313 of the pressure accumulator 39 can hence be effected during
the filling 307 and/or the refilling 311. Herein, energy can be stored via a spring compression or
fluid compression in the pressure accumulator 39 which can be designed for example as a spring
accumulator or bubble accumulator. The filling 307, the pressurising 309 and the refilling 311 can
take their course cyclically, whereas the cutting 305 can be carried out continuously.
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Optionally, after pressurising 309 the lock chamber 21 by way of pressure discharge of the
pressure accumulator 39, the pressure accumulator 39 can firstly be shut off from the high-pressure
conduit 21 by way of a pressure accumulator valve 43. Preferably, the pressure accumulator valve
43 can only be opened again for charging the pressure accumulator 39 in pressure, when the lock
chamber 21 has been pressurised from the high-pressure conduit 5 via the throttle 41.

Fig. 14 illustrates an exemplary course of the pressure p over time t in the lock chamber 21
(at the top), in the pressure accumulator 39 (in the middle) and in the high-pressure conduit 5 (at
the bottom). The pressure in the non-pressurised lock chamber 21 is firstly the ambient pressure
which here lies on the axis line. The lock chamber 21 can be filled 307 in this non-pressurised
phase before the start of the pressuring 309 at the point in time to.

The pressurising 309, 315 begins at the point in time to. During the first short time window
A = t1-to, the lock chamber 21 is now pressurised 309 to up to 40% of the nominal high pressure
po from the pressure discharge of the pressure accumulator 39. The pressure accumulator 39 is
then relieved down to a minimum a t; and is subsequently shut off via the pressure accumulator
valve 43 according to the second embodiment example in Fig. 2. The lock chamber 21 however
continues to be slowly pressurised 315 within the second longer time window B=t>-ty from the
high-pressure conduit S via the throttle 41 until the nominal high pressure po is reached at t2. The
pressurising 309, 315 of the lock chamber 21 can last 5 to 10 seconds. The refilling 311 can begin
as soon as the nominal high-pressure po in the lock chamber 21 is reached at t; and the pressure
accumulator 39 can be simultaneously charged in pressure 313 again. In the embodiment
according to Fig. 3 without a pressure accumulator 39, the lock chamber 21 is completely
pressurised from the high-pressure conduit 5 via the throttle 41 beyond the time window B.

The refilling valve 19 is opened between t2 and t3, so that abrasive agent can flow into the
pressure tank 11. At the point in time t3, the abrasive agent has completely flowed out of the lock
chamber 21 into the pressure tank 11 and the refilling step 311 is completed. For filling 307, the
pressure can be relieved from the lock chamber 21 into the discharge 29 via the pressure relief
valve 27 in a relatively rapid manner until at ts lower pressure again prevails in the lock chamber
21. A new refilling cycle beginning with the filling 307 of the lock chamber 21 can then start. The
pressure accumulator 39 is charged in pressure again from the high-pressure conduit 5 in a slow
and throttled as possible manner from tz, so as to be fully charged in pressure again at to for the
pressurising 309. The lower graph shows the pressure drop in the high-pressure conduit 5 on
opening the pressurisation valve 37 at tp and the pressure accumulator valve 43 at t,. The amplitude
of the pressure drop in each case is reduced via the throttle 41 to an amount, with regard to which
the cutting performance of the cutting jet 9 is not significantly compromised.
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In Figures 15a and 15b, the refilling valve 19 is shown in cross section in a more detailed
manner, each in different open positions. Since the refilling valve 19 needs to be actuated at high
pressure at the valve entry 49 and the valve exit 51, the trouble-free actuation of the refilling valve
19 is a technical challenge. The reliable opening and closing of the refilling valve 19 is now
ensured by way of four sub-aspects which each on its own or in an arbitrary combination of two,
three or all four sub-aspects contribute to the refilling valve 19 not clogging or being blocked by
the abrasive agent.

The refilling valve 19 which is preferably designed as a ball cock has a vertical throughflow
direction D from the top to the bottom and comprises a centrally arranged valve body 67 with
spherical outer surfaces, said valve body being rotatable about a rotation axis R which is
perpendicular to the throughflow direction D. The valve body 67 comprises a centric through-hole
69 which in the open positions which are shown in Fig. 15a and Fig. 15b runs parallel to the
throughflow direction D and perpendicular to the rotation axis R. The first open position according
to Fig. 15a differs from the second open position according to Fig. 15b in that the valve body 67
is rotated by 180° with respect to the rotation axis R. The valve body 67 is seated in a valve space
71 between an upper valve seat 73 and a lower valve seat 75. The upper valve seat 73 forms the
valve entry 49 and the lower valve seat 75 the valve exit 51 The upper valve seat 73 and the lower
valve seat 75 are arranged coaxially to one another and to the vertical throughflow direction D.
The valve space 71 can be purged via the lateral purge inlet 66 and via the purge outlet 63 which
lies diametrically opposite the purge inlet 66, preferably given a completely pressureless refilling
valve 19.

According to the first sub-aspect, the refilling valve 19 is in the position of assuming a first
closure position (Fig. 16a), a first open position (15a) and a second open position (Fig. 15b),
wherein in the first closure position (Fig. 16a) the lock chamber 21 is fluid-separated from the
pressure tank 11 and in the first and well as the second open position (Fig. 15a-b) the lock chamber
21 is fluid-connected to the pressure tank 11. The first open position and the second open position
can hardly be differentiated from one another due to the symmetry of the valve body 67. The valve
body 67 can be rotated about the rotation axis R in one direction to an infinite extent, so that a
reversal of the rotation direction is basically not necessary and the valve body 67 can be activated
exclusively in one rotation direction, inasmuch as the torque which is required for this does not
exceed a certain threshold. The first closure position of Fig. 16a here lies at 90° between the first
open position and the second open position. In this case, there is also a second closure position
(see Fig. 16b) which is rotated about the rotation axis R by 180° with respect to the first closure
position. In the closure positions which are shown in Fig. 16a and Fig. 16b the through-hole 69
runs perpendicularly to the throughflow direction D as well as perpendicularly to the rotation axis
R, so that the valve body 67 seals off the valve entry 49 on the upper valve seat 73 and the valve
exit 51 on the lower valve seat 75. Here the optional purge inlet 66 and purge outlet 63 are not
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shown, but can be provided. Herewith, there are therefore always two possibilities for movement
direction, of opening and closing the refilling valve 19 towards the first open position / closure
position respectively or to the second open position / closure position respectively, should one
movement direction momentarily demand too high a torque. If therefore one movement direction
is clogged or blocked, then the valve body 67 can be moved in the other movement direction and
the valve 19 can be brought into the other open position / closure position. Herein, the clogging or
blockage can be released by the reversal as a positive auxiliary effect, so that the previously
blocked movement direction is free again given the next actuation. The refilling valve 19 can also
be shaken free by way of a repeated to and fro rotation, for example should the valve body 67 be
difficult to actuate in both movement directions.

According to the second sub-aspect, the valve space 71 can be pressurised in a closure
position of the valve body 67. For this, according to Fig. 17a-b, the valve space 71 comprises the
pressure inlet 53, via which the valve space 71 can be pressurised in a closure position of the valve
body 67. The pressure inlet 53 here is arranged in the yz-plane coaxially to a servomotor shaft 86
in a manner lying opposite this. Alternately to this, the pressure inlet 53 can also lie in the xz-plane
which is perpendicular thereto and possibly be used as a purge inlet 66 when required. The valve
body 67 is rotated about the rotation axis R via the servomotor shaft 86. On starting operation or
restarting operation of the facility 1 which is firstly without pressure, the valve space 71 is initially
pressureless. If the pressure tank 11 and the lock chamber 21 are then pressurised to about 2,000
bar, then the valve body 67 can be jammed in by the valve seats 73 75 due to the high pressure at
the entry side as well as exit side given a simultaneous low pressure in the valve space 71 and can
be difficult to move or not able to move at all. By way of the pressure inlet 53, the pressure
difference between the valve space 71 and the valve entry 49 or the valve exit 51 can be largely
reduced on starting operation, so that the valve body 67 is not jammed by the high pressure. In Fig.
17b, the upper valve seat 73 is shown in an adjustable manner via an adjusting device, in
accordance with the fourth sub-aspect. The upper valve seat 73 is herein positionable in the z-
direction via an outer thread by way of a rotation about the throughflow direction D. The rotation
can be carried out manually by way of levers 88 which engage from the outside into engagement
surfaces 77 or in a motor-driven manner.

According to the third sub-aspect, the valve space can be purged as is shown for example
in Fig. 15a-b. Herein, the refilling valve comprises the purge inlet 66 and the purge outlet 63, via
which the valve space 71 can be purged. The pressure inlet 53 can herein selectively serve as a
purge inlet 66. This is particularly advantageous in combination with the second sub-aspect of a
pressure inlet 53, since a purging procedure can be carried out given a pressureless valve space 71
or a completely pressureless facility 1 and subsequently on restarting operation of the facility 1,
the valve space 71 can be pressurised again via the pressure inlet 53, so that the valve body 67
does not become jammed due to the high pressure.
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According to the fourth sub-aspect, the refilling valve comprises the entry-side upper valve
seat 73 and the exit-side lower valve seat 75, wherein at least one of the valve seats 73, 75 is
adjustable, so that the distance of the valve seats 73, 75 to one another can be adjusted. The refilling
valve 19 can hence be adjusted in an optimal manner, in order on the one hand to be sealed and on
the other hand not to block. On starting operation of the facility, given temperature fluctuations,
given a stubborn blockage due to abrasive agent and/or material wear, a readjustment of the
distance of the valve seats 73, 75 to one another can be advantageous. In order not to have to switch
off or disassemble the facility for this, a tool opening 90, through which a tool in the form of a
lever 88 can engage in order to adjust the at least one adjustable valve seat73 , can be provided as
is shown in Fig. 18a. Preferably however, the adjustment of the valve seat 73 is carried out in a
service procedure given a pressureless facility 1. In this example, the upper entry-side valve seat
73 is axially adjustable along the throughflow direction D via an outer thread. Levers 88 can be
applied from the outside onto engagement surfaces 77 (see Fig. 18b) which are arranged at the
peripheral side, in order to rotate the valve seat 73. The refilling valve 19 does not therefore need
to be separated or disassembled from the facility 1. The operating person can hence immediately
manually intervene, in order to ensure a continuous operation or to switch off or depressurise the
facility 1, in order to carry out the adjustment of the valve seat 73 as a service procedure.
Alternatively or additionally, the readjusting can also be effected in an automatically controlled
and/or regulated manner via a motor.

The valve body 67 is preferably rotated about the rotation axis R in a controlled manner
via a servomotor which is not represented. Herein, the possibly measured torque or power uptake
of the motor can be monitored, so that the rotation direction can be reversed to the other open
position or closure position on exceeding a threshold value. Alternatively or additionally, torque
or power peaks can be recorded over a certain time period and an error occurrence or maintenance
case can be signalised on the basis of this recording. For example, the necessity for readjusting the
valve seat 73 can be displayed.

Fig. 19a-b show two embodiments of purgable needle valves which can be used for
example as one or more of the shut-off valves 15, 27, 33, 37, 47 or at another location in the facility
1. The needle valve according to Fig. 19a is preferably applied where the needle valve does not
need to open or close under high pressure, e.g. as a pump shut-off valve 33 in the circuit for
assisting in the filling of the lock chamber 21. The pump shut-off valve 33 herein comprises a
high-pressure entry 92 which with a needle 94 which is arranged coaxially to the high-pressure
entry 92 and is axially positionable can be shut off with respect to a low-pressure exit 95. The
needle 94 at an end which faces the high-pressure entry 92 comprises a conical closure surface 96
which can be pressed against a valve seat 98 for shutting off. As soon as the high-pressure entry
92 is shut off, one can apply high pressure to the high-pressure entry 92 without this escaping via
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the low-pressure exit 95. If no high pressure prevails at the high-pressure entry 92, then the pump
shut-off valve 33 can be opened in order to permit a throughflow from the high-pressure entry 92
to the low pressure exit 95 given low pressure.

The needle valve according to Fig. 19a-b also comprises a purge inlet 100, via which the
opened needle valve can be purged, wherein purging fluid, i.e. water or water with cleaning
additives can flow out via the low-pressure exit 95. In particular, the valve seat 98 and the closure
surface 96 can be freed of abrasive agent residues by way of the throughflow of purging fluid, in
order to ensure a clean closure amid as little material wear as possible. Preferably, the needle valve
can be purged shortly before a closure procedure of the refilling valve 19. Fig. 19b shows a needle
valve with a check valve 102 at the purge inlet 100. The check valve 102 prevents a backflow into
the purge inlet 100 and only permits a flow of purging fluid in the direction of the needle valve.
This is useful if the needle valve is used for example as one or more of the shut-off valves 15, 27,
37, 47, since the valve is opened there when high pressure prevails at the high-pressure entry 92.
Without the check valve 102, this high pressure would at least partly discharge into the purge inlet
100 and lead to a backflow into the purge inlet 100. The check valve 102 prevents this and hence
permits a clean pressure relief via the low-pressure exit 95. The low-pressure exit 95 can also be a
high-pressure exit 95 in this case. For example, the low-pressure exit 95 is connected to a discharge
29 in the case of a pressure relief valve 27. In the case of the pressurisation valve 37, the high-
pressure exit 95 is however connected to the pressurisation entry 35 of the lock chamber 21, in
order to subject this to high pressure.

The needle valves are preferably operated pneumatically via a pressing disc (not shown).
In order to be able to counteract the high pressure which acts upon the needle tip in the form of a
conical closure surface 96, an air pressure can be applied onto the very much larger pressing disc,
so that the needle valve can be closed and held in a sealed manner against a high pressure of 1,500
bar and more with a few bars of air pressure.

The numbered indications of the components or movement directions as "first", "second”,
"third" etc. have herein been selected purely randomly so as to differentiate the components or the
movement directions amongst one another, and can also be selected in an arbitrarily different
manner. Hence these entail no hierarchy of significance.

Equivalent embodiments of the parameters, components or functions which are described
herein and which appear to be evident to a person skilled in the art in light of this description are
encompassed herein as if they were explicitly described. Accordingly, the scope of the protection
of the claims is also to include equivalent embodiments. Features which are indicated as optional,
advantageous, preferred, desired or similarly denoted "can"-features are to be understood as
optional and as not limiting the protective scope.



CA 03058489 2019-09-30

24

The described embodiments are to be understood as illustrative examples and no not
represent an exhaustive list of possible alternatives. Every feature which has been disclosed within
the framework of an embodiment can be used alone or in combination with one or more other
features independently of the embodiment, in which the features have been described. Whilst at
least one embodiment is described and shown herein, modifications and alternative embodiments
which appear to be evident to a person skilled in the art in the light of this description are included
by the protective scope of this disclosure. Furthermore the term "comprise" herein is neither to
exclude additional further features or method steps, nor does "one" exclude a plurality.
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List of reference numerals

1 - water-abrasive suspension cutting facility
3 - high-pressure source

5 - high-pressure conduit

7 - exit nozzle

9 - cutting jet

11 - pressure tank

13 - water - abrasive agent suspension
15 - shut-off valve

17 - throttle

19 - refilling valve

21 - lock chamber

23 - filling valve

25 - refilling funnel

27 - pressure discharge valve
29 - discharge

31 - pump

33 - pump shut-off valve

35 - pressurisation entry

37 - pressurisation valve

39 - pressure accumulator

41 - throttle

42 - throttle

43 - pressure accumulator valve
45 - delivery aid

47 - delivery aid shut-off valve
49 - valve entry

51 - valve exit

53 - pressure inlet

55 - purging source

57 - first purge valve

59 - second purge valve or purge outlet valve
61 - third purge valve

63 - purge outlet

65 - discharge

66 - purge inlet

67 - valve body



68
69
70
71
72
73
74
75
76
77
78
80
82
84
85
86
88
90
92
94
95
96
98
100
102
301
303

305
307

308
309

311
313
315
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removal location

through-hole

abrasive agent conduit

valve space

filling level sensor

entry-side valve seat

filling level sensor

exit-side valve seat

filling level sensor

engagement surfaces

preloading container

pump

overflow

conveying screw

conveyor belt

servomotor shaft

lever

tool opening

high-pressure entry

needle

low-pressure exit / high-pressure exit

conical closure surface

valve seat

purge inlet

check valve

providing water at a high pressure in the high-pressure conduit

providing an abrasive agent suspension which is under pressure in the pressure
tank

cutting a material by way of a high-pressure jet

filling a non-pressurised lock chamber with abrasive agent or a water - abrasive
agent suspension

shutting off the pump from the lock chamber

pressurising the lock chamber by way of pressure discharge of the pressure
accumulator

refilling the pressure tank with abrasive agent

pressure charging the pressure tank

pressurising the lock chamber from the high-pressure conduit via the throttle
first time window

second time window
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R - rotation axis

D - throughflow direction

Fi - filling level cone

F2 - filling level cone

Fmax - maximal filling level cone

Fumin - minimal filling level cone
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The embodiments of the present invention for which an exclusive property or privilege is claimed

are defined as follows:

1. A water-abrasive suspension cutting facility, with
- ahigh-pressure source for providing water at a high pressure,
- ahigh-pressure conduit which is connected to the high-pressure source,
- apressure tank for providing an abrasive agent suspension which is at a high pressure,
- alock chamber which is designed to temporarily be at a high pressure and temporarily at a
low pressure, and
- afilling valve for filling the lock chamber when the lock chamber is at the low pressure,
wherein
a pump at a suction side is fluid-connected to the lock chamber in a manner capable of being shut off,
in a manner such that given high pressure in the lock chamber the pump is shut off from this and
given low pressure in the lock chamber the pump is in a position of sucking the abrasive agent
suspension through the filling valve into the lock chamber.

2. The water-abrasive suspension cutting facility according to claim 1, wherein a pump shut-off
valve is arranged between the pump and the lock chamber.

3. The water-abrasive suspension cutting facility according to claim 2, wherein the pump shut-
off valve is a needle valve.

4. The water-abrasive suspension cutting facility according to claim 2 or 3, wherein the pump
shut-off valve can be purged.

5. The water-abrasive suspension cutting facility according to any one of claims 1 to 4, wherein
the pump is connected at a delivery side to a refilling funnel which at an exit side is fluid-connected
to an entry side of the filling valve.

6. The water-abrasive suspension cutting facility according to any one of claims 1 to 5, wherein
the pump at the suction side is fluid-connected to an upper region of the lock chamber in a manner

capable of being shut off.

7. The water-abrasive suspension cutting facility according to any one of claims 1 to 6, wherein

the pump is a membrane pump.

Date Recue/Date Received 2023-06-21
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8. The water-abrasive suspension cutting facility according to any one of claims 1 to 7, wherein
the lock chamber can be relieved of pressure via a pressure relief valve in the form of a purgeable

needle valve.

9. The water-abrasive suspension cutting facility according to claim 8, wherein the pressure

relief valve comprises a check valve at a purge inlet.

10. A method for water-abrasive suspension cutting, with the steps:

- providing water at a high pressure in a high-pressure conduit by way of a high-pressure source,

- providing an abrasive agent suspension which is at a high pressure in a pressure tank,

- cutting a material by way of a high-pressure jet which at least partly comprises the abrasive
agent suspension, amid the removal of the abrasive agent suspension from the pressure tank,

- filling a lock chamber which is at a low pressure with the abrasive agent suspension amid at
least temporal sucking of the abrasive agent suspension into the lock chamber by way of a
pump which can be shut off from the lock chamber,

- shutting off the pump from the lock chamber,

- pressurising the lock chamber to a high pressure, and

- refilling the pressure tank with abrasive agent from the lock chamber which is at high pressure,
into the pressure tank.

11.  The method according to claim 10, wherein the shutting-off of the pump from the lock
chamber is effected by a pump shut-off valve in the form of a needle valve.

12.  The method according to claim 10 or 11, further comprising a purging of a pump shut-off
valve which is arranged between the pump and the lock chamber.

13.  The method according to any one of claims 10 to 12, wherein the filling, shutting-off,
pressurising and refilling take their course successively and cyclically during the cutting.

14.  The method according to any one of claims 10 to 13, further comprising a pressure relief of
the lock chamber from high pressure to low pressure after the refilling of the pressure tank.

15.  The method according to claim 14, wherein the pressure relief is effected into a discharge via
a pressure relief valve in the form of a purgeable needle valve.

Date Recue/Date Received 2023-06-21
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