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DESCRIPTION

|01] The invention relates to a water-abrasive cutting system for cutting pipes having the

features specified in the preamble of claim 1.

|02] Water-abrasive cutting systems are used for the cutting of various materials and
objects. For example, they are used for cutting pipes, in order, for example to cut o1l
carrying pipes under the seabed. Such cutting systems can however also be used for
cutting pipes 1n other applications, for example, refineries, well building etc. Furthermore,
not only pipes but also objects having different geometries can be cut with these systems.
For cutting pipes a cutting head which 1s connected via a hose to a high-pressure pump
and an abrasive agent mixing unit, 1s inserted into the inside of the pipe as far as the height
of the cut to be made. There the cutting device 1s then fixed with a fixing device inside
the pipe and the pipe wall 1s cut through from inside using a high-pressure water jet to
which abrasive agent 1s added. A problem with these cuts 1s that the work must be carried
out without visual monitoring and therefore 1t 1s difficult to detect whether the pipe wall
has been completely cut through this means 1n the radial direcetion and 1s completely cut
through over the entire circumference. This 1s particularly difficult to detect since these
pipes are usually configured as multi-shell, comprising a plurality of metal pipes lying
inside one another, where the intermediate spaces of the metal pipes are filled with
concrete. At the same time however the pipes are not always arranged 1n a centred manner
and the intermediate spaces are not always completely filled so that no uniform cutting
conditions are given.

|03] An apparatus for cutting through pipes under water 1s known, for example, from DE
102011 052 399 Al. In this system 1t 1s provided to use a sensor, preferably a hydrophone,
with the aid of which the passage of the water jet through the pipe wall 1s detected. In
particular 1in the multi-shell pipes described however, a reliable detection of the cutting-
through 1s not always ensured, which 1s 1n particular attributable to the fact that the filling
of the intermediate spaces between the individual pipes and also the material which
surrounds the pipe on the outer side 1s not known and depending on these states, different
noises can be detected which do not always indicate a complete cutting-through of the

pipe wall.

|04] In view of this prior art, 1t 1s the object of the invention to improve a water-abrasive
cutting system for cutting pipes 1in such a manner that a more reliable detection of the

cutting-through of the pipe wall 1s achieved. This object 1s solved by a water-abrasive
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cutting system having the features specified in claam 1. Preferred embodiments are

obtained from the subclaims, the description and the appended figures.

|05] The water-abrasive cutting system according to the invention 1s used for cutting a
wall of a fundamentally arbitrary object, but 1n particular for cutting pipes, where the
cutting can be accomplished from inside or from outside. Particularly preferably the
cutting 1S accomplished from 1nside the pipe. The water-abrasive cutting system
according to the invention comprises in a known manner a high-pressure pump which
provides water at high pressure. Furthermore, an abrasive agent supply 1s provided in
order to mix the water at high pressure with abrasive agent. Preferably the system 1s
configured as a water-abrasive suspension cutting system in which the abrasive agent 1s
mixed with the water 1n the high-pressure region upstream of an outlet nozzle. The water
at high pressure 1s supplied to this cutting head via a pressure line which connects the
high-pressure pump to the cutting head. The cutting head 1s preferably configured to be
introduced 1nto the interior of a pipe to be cut through and to be advanced as far as the
position of the cut. Furthermore the cutting head 1s provided with a fixing device which
enables a fixing, 1n particular a clamping or bracing on a wall to be cut and 1n particular
in the interior of a pipe at the position of the cut to be made. A nozzle head 1s further
provided on the cutting head, preferably movably, 1n particular rotatably, which has at
least one cutting nozzle for application of a cutting jet. In this case, the nozzle head 1s
preferably arranged so that the cutting nozzle 1s directed radially outwards so that a radial
cut can be introduced 1nto a pipe wall. As a result of the movability or rotatability of the
cutting head, the cutting nozzle can be moved so that the cutting jet can be moved over
the wall to be cut, in particular over the entire circumference of a pipe 1n order to cut
through the pipe wall over the entire circumference 1n the radial direction. To this end,
the nozzle head 1s preferably arranged rotatably about 360° on the cutting head. A suitable
drive, for example, an electric-motor or hydraulic drive 1s provided for the rotation. The
drive 1s further preferably configured so that 1t 1s adjustable 1n 1ts rotational speed where
1in particular a position detection can also be provided. The cutting jet can thus be moved
in a defined manner so that during the cutting process 1t 1s ensured that the cutting jet 1s

only moved further when the pipe wall 1s completely cut through in the radial direction.

|06] In order to be able to detect or record the complete penetration of the wall or the pipe
wall and/or a complete cutting through or separation of a component, such as 1n particular
a pipe, a cutting monitoring device 1s provided according to the invention. This 1s part of
the water-abrasive cutting system and 1n particular part of a control device of the cutting

system which controls the cutting process and in particular the movement of the cutting
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head. In particular a manual or automatic control of the advance or the rotation of the
cutting head 1s possible with the aid of the cutting monitoring device. According to a
particularly preferred embodiment of the invention, the advance or the rotation can be
defined independently by the control unit in cooperation with the cutting monitoring
device and optionally adapted so that the cutting speed 1s adapted to the type of material
and the material thickness. Alternatively this can be accomplished manually. Thus, 1t 1s
possible that the control device 1s configured 1n such a manner that 1t only moves or turns
the cutting head 1f a complete penetration (piercing) of the wall or the pipe wall 1s detected
by the cutting monitoring device. The cutting monitoring device preferably comprises an
electronic evaluation device. This evaluation device can also be integrated in a control
device for the entire cutting system. Furthermore the cutting monitoring device comprises
at least one hydrophone and at least one further sensor. In this case the cutting monitoring
device or its evaluation device 1s configured in such a manner that 1t can detect a complete
penetration and/or cutting-through of the wall or pipe wall on the basis of the sensor
signals of this at least one hydrophone and the at least one further sensor. To this end, the
said sensors are connected to the cutting monitoring device or 1ts evaluation device for
data transmission. In particular a superposition or common evaluation of the sensor
signals 1s provided so that the penetration or cutting-through of the wall 1s detected from

a certain combination of sensor signals.

|07] Particularly preferably the at least one further sensor 1s at least one acoustic emission
sensor, at least one acceleration sensor and/or at least one pressure sensor. Further
preferred 1s a combination of hydrophone, acoustic emission sensor, acceleration sensor
as well as a pressure sensor. The cutting monitoring device or 1ts evaluation device 1s
preferably configured so that 1t detects a complete penetration and/or cutting-through of
a wall or pipe wall on the basis of the sensor signals of the acoustic emission sensor, the
acceleration sensor, the hydrophone and the pressure sensor. To this end all these sensors
are connected to the cutting monitoring device or 1ts evaluation device for data
transmission. The use according to the invention of at least two, preferably four different
sensors, namely particularly preferably the hydrophone, an acoustic emission sensor, an
acceleration sensor and a pressure sensor allows a substantially more accurate detection
of the penetration and cutting-through of the wall than would be possible using only a
hydrophone, as a result of the simultaneous evaluation and comparison of different
signals. It 1s thus possible to make defined settings 1n the evaluation device that the signals
of different sensors must together have certain desired values or vaniations in order to

detect a successful penetration or cutting-through of the wall.
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|08] The acceleration sensor and the acoustic emission sensor can particularly preferably
be configured as an integrated sensor, that 1s as an integrated acoustic emission
acceleration sensor. Such a sensor can detect both acoustic emission and also

accelerations acting upon it.

|09] Further preferably the acceleration sensor and the acoustic emission sensor are
arranged on the cutting head 1n such a manner that they can be brought into a vibration-
transmitting communication, preferably in direct contact with a wall or pipe wall to be
cut. For this purpose the sensors can be arranged on a support, which 1s attached to the
cutting head 1n such a manner that 1t can come 1n contact with the wall or pipe wall. The
cutting head 1s preferably configured in such a manner that the acceleration sensor 1s held
in firm contact on the wall during the cutting process. Thus, movements of the wall can
be transmitted directly to the acceleration sensor and detected by this. As a result of the
vibration-transmitting contact or the vibration-transmitting connection between the
acoustic emission sensor and the wall, the acoustic emission sensor can detect acoustic
emission or vibrations from the wall which change during penetration and cutting-through
of the wall.

|10] Further preferably the acceleration sensor and the acoustic emission sensor are
disposed 1n a contact element of the fixing device which 1s provided for contact against
the wall or pipe wall. This has the advantage that when fixing the cutting head in the pipe,
these sensors automatically come to rest on the wall, that 1s preferably on the inner side
of the pipe wall. The contact element of the fixing device 1s preferably pressed by suitable
pressure or clamping means 1n the radial direction towards the inner wall of the pipe 1n
order to thus brace the cutting head 1n the interior of the pipe. At the same time a secure
contact of the acoustic emission and acceleration sensor on the pipe wall 1s then achieved
in this case, thereby ensuring the described transmission of vibrations and motion. The
acoustic emission sensor and/or the acceleration sensor can preferably be placed directly
1in a contact element which 1s connected to pressure and clamping means by which means
this contact element can be moved towards the wall or pipe wall. Alternatively the said
sensors can also be disposed 1n a fixed immovable contact element which can be brought
into contact with the wall or pipe wall by moving another contact element connected to
pressure or clamping means, which 1s located on a facing-away side of the cutting head.

One configuration with such fixed contact elements 1s described further below.
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|11] The acceleration sensor 1s preferably a multi-axis acceleration sensor, in particular a
3D acceleration sensor. Thus, accelerations 1n various directions, preferably 1n all three

spatial directions can be recorded.

|12] The hydrophone 1s disposed on an outer side of the cutting head in such a manner
that 1t can come 1n contact with a liquid surrounding the cutting head. During the cutting
process, for example, the interior of a pipe to be cut from inside fills with liquid, 1in
particular with the water emerging from the cutting nozzle. Thus, the entire cutting head
1s placed 1n water during the cutting process. When the hydrophone 1s disposed 1n the
manner described on the outer side of the cutting head, 1t can thus detect sound 1n this
liquid, that 1s 1n the water. The noise occurring in the water varies in different operating
states of the cutting system and 1n particular also during penetration (piercing) or cutting-
through of the wall or pipe wall.

| 13| The pressure sensor 1s preferably disposed on the cutting head 1n such a manner that
1t can detect the pressure of a liqud surrounding the cutting head. This 1s, as described
previously, preferably water. The pressure sensor comes 1n direct contact with the liquid
Or 1S 1n pressure-transmitting communication via a suitable line so that during the cutting

process, e.g. the internal pressure of the liquid 1n the interior of the pipe can be detected.

|14] According to a particularly preferred embodiment of the invention, the fixing device
comprises several, preferably three contact elements distributed over the circumfierence
of the cutting head, which can come 1n contact with a pipe wall for fixing. This
configuration of the fixing device can be used independently of the previously described
cutting monitoring device, that 1s even without this cutting monitoring device. This also
applies to the details of the fixing device described hereinafter. As a result of the
arrangement of a plurality of, preferably three contact elements, 1t 1s possible to brace the
fixing device firmly 1n the interior of the pipe by pressing the contact elements 1n the
radial direction towards the inner wall of the pipe. Furthermore, a positioning of the
cutting head spaced apart from the mner wall of the pipe, in particular a centred
arrangement 1s thus possible. Particularly preferably the plurality of contact elements, for
example, the three said contact elements, are distributed uniformly over the circumference
of the cutting head, thus a uniform transmission of force between cutting head and pipe
wall 1s obtained. Furthermore the contact elements preferably lie 1n a cross-sectional plane
normal to the longitudinal or advance axis of the cutting head. This longitudinal axis

corresponds to the longitudinal axis of the pipe to be cut through.
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| 15] Particularly preferably one of the contact elements 1s movable 1n the radial direction.
To this end, for example, a hydraulic drive can be provided by which means the contact
element can be moved radially outwards towards the inner wall of the pipe. Thus, a
compressive force can be applied to the inner wall of the pipe 1n order to brace the cutting
head 1n the interior of the pipe. Particularly preferably in the arrangement of a plurality
of contact elements, only one of the contact elements 1s movable in the manner described.
This simplifies the structure of the cutting head since merely one dnive, 1n particular a
hydraulic drive, must be provided for movement of a contact element. In such a
configuration, possibly no precise centring of the cutting head in the interior of the pipe
1s possible. It has been shown however that this 1s not always necessary since the structure

of the pipe walls, as described above, 1s usually not rotationally symmetrical in any case.

| 16] Further, preferably two of the contact elements are configured to be rigid in the radial
direction and preferably are fastened exchangeably on the cutting head. This applies in
particular when overall three contact elements are provided. In this configuration,
preferably two contact elements are then configured to be rigid whilst the third contact
element 1S movable radially in the previously described manner. As a result of the
movement of the movable contact element, 1n this embodiment a bracing of the cutting
head 1n the pipe 1s possible since the movable contact element 1s pressed against the inner
wall of the pipe. As a reaction, the two rigid contact elements are pressed at the same time
onto the pipe wall 1n the opposite direction. The rigid contact elements are preferably
configured to be exchangeable. For this purpose contact elements having different radial
length are provided so that 1t 1s possible to adapt the cutting head to different inside
diameters of pipes. Thus, for larger pipe cross-sections in the radial direction, longer
contact elements can be provided than for smaller pipe diameters. Thus, for different pipe
diameters an approximate centring of the cutting head 1s always possible. Furthermore,

the required stroke length of the movable contact element can be kept small.

|17] According to a further preferred embodiment, the contact elements are configured to
be sled-shaped, where the contact elements extend in their sled-shaped longitudinal
extension parallel to the direction of advance of the cutting head 1n a pipe. Thus, the
contact elements can guide the cutting head during insertion into a pipe in the interior of
the pipe. A canting of the cutting head 1n the pipe during the advance 1s thus avoided.

| 18] According to a particular embodiment of the invention, at least one of the contact
elements and preferably all the contact elements on a surface provided for contact on a

pipe wall, that 1s the inner wall of the pipe, can comprise engagement means for positive
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engagement 1n the pipe wall. This can, for example, be a fluting or an arrangement of
prongs which digs into the pipe wall and achieves a positive engagement in addition to
the non-positive contact. A better fixing of the cutting head 1n the interior of the pipe can

thereby be achieved.

| 19] The cutting monitoring device 1s further preferably configured in such a manner that
1t detects a cutting-through or separation of the wall, 1in particular of a separation of a pipe
from an increase 1n the accelerations detected by the acceleration sensor. If, for example,
the pipe 1s completely cut through or separated, and the cutting head with the acceleration
sensor 1S preferably located in the upper part of the pipe, this separated pipe section can
then move freely to a certain extent according to the surrounding material where these
movements are then detected by the acceleration sensor. Such a movement 1s only
possible when the pipe 1s completely cut through.

|20] Further preferably the cutting monitoring device can be configured 1n such a manner
that 1t detects that the cutting jet contains abrasive agent from a change in the sensor signal
of the hydrophone. As a result a function control of the abrasive agent supply 1s possible.
The noise occurring at the cutting nozzle varies depending on whether only water or water
and abrasive agent emerges from the nozzle. Since the water-abrasive cutting system
preferably comprises a suspension cutting system, in this the water with the abrasive agent
1s preferably discharged jointly from the cutting nozzle.

|21] Further, the cutting monitoring device can preferably be configured in such a manner
that 1t detects a piercing or penetration of a wall, e.g. of a pipe, from a reduction of the
pressure detected by the pressure sensor and/or a change i1n the sensor signal of the
acoustic emission sensor. The noise which occurs at the wall or pipe wall also changes
when the wall 1s completely pierced. The pressure drop can occur as a result of the fact
that the water discharged from the cutting nozzle can emerge radially outwards from the
pipe to be cut from 1nside and no longer accumulates inside the pipe. However, each
sensor alone cannot detect the complete piercing of the wall or pipe wall so that preferably
the signals are evaluated 1n combination for which the cutting monitoring device or 1ts
evaluation device 1s configured accordingly. Thus, in a multi-shell pipe, for example,
when no filling matenal 1s provided 1n the intermediate space between two pipes, a

pressure drop can also occur without all the shells of the pipe being completely pierced.

|22] According to a particularly preferred embodiment of the invention, the cutting

monitoring device cooperates with a control device for controlling a drive of the nozzle
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head 1n such a manner that an advance movement of the nozzle head, 1.e. in particular a
turning movement of the nozzle head, 1s controlled manually or automatically as a
function of a signal of the cutting monitoring device. In this case, the signal of the cutting
monitoring device preferably represents a detected complete penetrating or piercing of
the wall. The advance or turning movement of the nozzle head can thus be controlled so
that the nozzle head 1s only moved further when the cutting jet has completely penetrated
the wall. That 1s, the advance or turning movement 1s controlled or varied as a function

of the cutting result so that a complete cutting-through of the wall 1s always achieved.

|23] According to a further preferred embodiment, the cutting monitoring device 1s
configured 1n such a manner that 1t has a training function. This training function enables
the cutting monitoring device to adapt to different materials and environments. The
training function 1s configured so that the cutting monitoring device 1s manually made
aware of a complete cutting-through or penetration of the wall or pipe wall, whereupon
the cutting monitoring device detects and stores the current sensor signals. That 1s, the
cutting monitoring device learns how a complete penetration of the wall actually sounds.
On the basis of the thus learnt sensor signals of the previously described various sensors,
1in particular the sensor signals occurring in combination, the cutting monitoring device
can then 1dentify the complete penetration or cutting-through of the pipe wall 1in the
subsequent process sequence, 1.e. during the further cutting process. The training can take
place for example in such a manner that the nozzle head 1s held 1n a fixed position and
then a cutting jet 1s applied for a certain time 1n which one can be certain that the pipe
wall or wall must be completely cut through. This can be a time interval which has been
determined experimentally in advance, for example, a time interval of 10 minutes. In this
case, 1t should be understood that the standing still of the nozzle head involves a certain

pendulum movement.

|24| Insofar as the cutting system according to the invention has been described
hereinbefore and hereinafter with reference to pipes, 1t should however be understood that
also any other geometries can be cut in a corresponding manner, 1t the nozzle head 1s
provided with a corresponding manipulation device. In the sense of the invention such

other geometries should also be expressly covered by the description by reference to
p1pes.

|25] The invention 1s described as an example hereinafter with reference to the appended

figures. In these:
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Fig. 1 shows a sectional view of a pipe with a water-abrasive cutting system according to

the 1nvention,

Fig. 2 shows a cross-section of the cutting head in the pipe according to a first

embodiment of the invention,

Fig. 3 shows a cross-section of the cutting head in the pipe according to a second

embodiment of the invention and

Fig. 4 shows a system element according to Figs. 1 to 3 enlarged 1n detail.

|26] The shown water-abrasive cutting system 1s a water-abrasive suspension cutting
system, that 1s a cutting system in which the abrasive agent 1s added to the water in the
high-pressure region upstream of a cutting nozzle. The cutting system according to the
invention comprises a cutting head 2 which 1s configured for insertion into a pipe 4. The
cutting head 2 1s connected via a pressure line 6 to a supply unit 8. The supply unit 8
comprises 1n particular a high-pressure pump which provides water at high pressure, for
example, a pressure of 2500 bar or higher. Furthermore the supply unit 8 has an abrasive
agent supply. The suspension at high pressure, that 1s a water-abrasive agent mixture, 1s
supplied via the pressure line 6 to the cutting head 2. During operation the supply unit 8
remains outside the pipe. In offshore applications the supply unit 8 preferably remains
above the water surface whilst the cutting head 2, for example, 1s introduced so far into

an o1l carrying pipe that it can make a cut below the seabed.

|27] At 1ts front end 1n the 1nsertion direction in which the cutting head 2 1s inserted into
the pipe 4, the cutting head 2 has a nozzle head 10 on which a radially directed cutting
nozzle 1s disposed. A radially directed high-pressure cutting jet 14, that 1s a water-abrasive
agent mixture, emerges from the cutting nozzle 12. The nozzle head 10 1s rotatable with
respect to the cutting head 2 about the longitudinal axis X of the cutting head 2 which
corresponds to the longitudinal axis X of the pipe 4. For this purpose, a suitable drive not
shown here 1n detail, for example, a hydraulic drive or an electrical drive, 1s provided 1n
the cutting head 2. The cutting head 2 furthermore has a fixing device which enables 1t to
be braced 1n the interior of the pipe 4. The fixing device has three contact elements 16,
18 and 20 1n this case. The contact elements 16, 18 and 20 are configured in such a manner
that they can come to rest non-positively and/or positively against the inner wall of the
pipe 4 and thus brace and fix the cutting head 2 i1n the pipe 4. In the exemplary

embodiment shown 1n Figs. 1 and 2, for this purpose only the contact element 18 1s fitted
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with a hydraulic drive 22 acting in the radial direction relative to the longitudinal axis X.
The contact elements 16 and 20 are configured to be rigid 1in this example, that 1s, they
have a fixed radial length relative to the longitudinal axis X. For bracing the cutting head
2 1n the interior of the pipe 4, the hydraulic drive 22 1s extended 1n the axial direction so
that the contact element 18 1s pressed against the inner wall of the pipe 4. As a reaction,
the rigid contact elements 18 and 20 are also pressed accordingly against the inner wall
of the pipe. The contact elements 16 and 20 are preferably exchangeable so that contact
elements 16, 20 of different radial length can be attached to the cutting head 2 to achieve
an adaptation to different pipe diameters. In the alternative embodiment shown 1n Fig. 3,
all three contact elements 16, 18, 20 are provided with a corresponding hydraulic drive
22 where all three hydraulic drives are drniven radially outwards for bracing. With a
uniform movement of the three hydraulic drives of the three contact elements 16, 18, 20,

a centring of the cutting head 2 1s made possible in the interior of the pipe 4.

|28] As shown 1n the enlarged view according to Fig. 4, the contact elements 16, 18, 20
can additionally have engagement elements 24 on their surface facing the inner wall of
the pipe 4, that 1s directed radially outwards, which are shown here, for example, 1n the
form of prongs. These engagement elements 24 provide for a positive engagement 1n the
inner wall of the pipe 4 and for a better fixing of the cutting head 1n the pipe 4. It should
be understood that the contact elements 16 and 20 can be configured 1n a corresponding

mannecr.

|29] The shown cutting system furthermore has a cutting monitoring device. This
comprises an evaluation or control unit 26 which 1s provided, like the supply unit 8, for
arrangement outside the pipe 4. The control unit 26 can be integrated 1n the supply unit
8. Preferably the control device 26 also controls the supply unit 8 and the complete cutting
process, that 1s also the movement of the nozzle head 10 to form the cut in the pipe wall
of the pipe 4. Furthermore, the control unit 26 can also control the actuation of the
hydraulic drive 22 for bracing the cutting head 2 in the pipe 4. The control unit 26 1s
connected via a line connection 28 to the cutting head 2. This can be an electrical or, for
example, also an optical connection which allows a transfer of data from the control unit
26 to the cutting head 2 and in the converse direction. The line connection 28 can be

integrated with the pressure line 8 into one line.

|30] The cutting monitoring device has four different sensors in the cutting head 2. This
1s on the one hand a hydrophone 30 which 1s disposed on an outer wall of the cutting head
2 close to the nozzle head 10 and the cutting nozzle 12. This hydrophone 30 detects noise
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in the liquid which 1s located 1n the interior of the pipe 4 during the cutting process. This
1s 1n particular liquid emerging from the cutting nozzle 12, that 1s preferably water. On
the other hand, a pressure sensor 32 1s disposed on the outer side of the cutting head 2
also 1n contact with the liquid 1n the pipe 4. This records the water pressure in the interior
of the pipe 4 during the cutting process.

|31] Furthermore, two sensors are provided in the contact element 18 which come in
direct contact with the inner wall of the pipe 4 when the contact element 18 1s brought in
contact with the inner wall of the pipe 4. These are an acoustic emission sensor 34 and an
acceleration sensor 36 which are shown here as two separate sensors, but can also be
combined 1n an integrated sensor. The acceleration sensor 36 1s preferably configured as
a multi-axial, particularly preferably as a tri-axial acceleration sensor. When bracing the
cutting head 2 1n the interior of the pipe 4, the acceleration sensor 36 1s thus brought into
a fixed positioning relative to the pipe 4 so that 1t can detect movements and accelerations
of the pipe 4. The acoustic emission sensor 34 detects vibrations in the pipe, in particular
those vibrations which are caused by the cutting jet 14. In particular, the vibrations change
when the ambient conditions change, 1.e. for example, the pipe wall 1s completely
penetrated, the pipe wall 1s completely separated or cut through etc. The various states

can be recognized from the change in the vibrations.

|32] In this example, the pipe 4 1s configured to be three-shelled, that 1s, 1t comprises three
metal pipes 38, 40 and 42 disposed 1nside one another, where the metal pipe 42 forms the
inner wall of the pipe 4 and the metal pipe 38 forms the outer wall of the pipe 4. The free
spaces between the pipe 38 and 40 as well as the pipe 40 and 42 are each filled with
concrete 44. In the example shown here, the metal pipes 38, 40, 42 are arranged
concentrically with respect to one another about the longitudinal axis X and the free
spaces are completely filled with concrete 44. It 1s to be understood however that in
practice, the metal pipes 38, 40, 42 can also be arranged non-concentrically with respect
to one another and the free spaces can optionally not be completely filled with concrete
44 It can thus be the case that the pipe 4 has a varying wall thickness over the
circumference and different consistency of the pipe wall. This makes the monitoring of
the cutting process difficult, where this 1s possible by combining the signals from the four
sensors, that 1s the hydrophone 30, the pressure sensor 32, the acoustic emission sensor
34 and the acceleration sensor 36 in combination. The control unit 26 evaluates the sensor

signals 1n combination.
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|33] The cutting process and the cutting monitoring 1n this case takes place as follows.
After mnserting the cutting head 2 into the pipe 1n a desired axial position along the
longitudinal axis X, the cutting head 2 1s fixed in the pipe 4 by extending the hydraulic
drive or drives 22. After fixing, the cutting process 1s started by mnitially starting the high-
pressure water supply and then the abrasive agent supply via the supply unit 8. This
process can particularly preferably be monitored by the hydrophone 30. From the noise
1in the water which fills the interior of the pipe 4, 1t can be detected whether only water or
a water-abrasive agent mixture 1s emerging from the cutting nozzle 12. When the
emergence of the water-abrasive agent mixture 1s detected, the cutting process begins,
where the nozzle head 10 1s mitially not turned until the cutting jet 14 has completely
penetrated the pipe wall, that 1s, has penetrated completely through the metal pipes 38, 40
and 42 as well as the concrete 44 1n the intermediate spaces. This can be detected by
means of the acoustic emission sensor 34, with the signal of the hydrophone 30 and the
pressure sensor 32 being used at the same time. The signals are evaluated in combination.
Thus, for example, the pressure sensor 32 detects a pressure drop in the mterior of the
pipe 4 and the acoustic emission sensor 34 and the hydrophone 30 must detect, for
example, a change of the vibration pattern which 1t has detected, so that the control unit
26 can conclude from this that the pipe wall of the pipe 4 has been completely cut through.
The signal of the pressure sensor 32 alone, for example, would not be sufficient since,
after cutting through of the inner metal pipe 42, when for example the free space between
the metal pipes 40 and 42 1s not completely filled, a pressure drop can already occur
without the pipe wall being completely cut through. Conversely, for example, a complete
cutting-through of the pipe wall can be concluded from a signal change of the hydrophone
30 and the acoustic emission sensor 34 alone, even when a pressure drop does not occur
in the interior of the pipe 4. This can be the case, for example when the outer metal pipe
42 1s surrounded by a dense material so that even when the outer metal pipe 38 1s
completely cut through, this does not result 1n a pressure drop 1n the interior of the pipe
4. After completely cutting through the pipe wall of the pipe 4 at a circumferential
position, the nozzle head 10 1s set in motion where 1t executes a rotation through 360°.
The rotational movement 1s executed slowly 1n such a manner that the cutting jet 14
always cuts through the total wall thickness of the pipe 4. This 1s monitored by monitoring
the sensors signals of the four said sensors 1n combination. The rotational speed can be
varied 1n this case by the control unit. For example, the rotational speed can be slowed
when regions having thicker wall thickness are reached. A no longer complete cutting-
through of the pipe wall 1s 1n turn detected from a variation of the signals of the sensors,
in particular the vibration signal of the hydrophone 30 and the acoustic emission sensor

34. In particular, an automatic control of the rotation or rotational speed of the nozzle
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head 10 as a function of the detected sensor signals 1s possible. The rotational movement
or rotational speed 1s regulated 1n this case so that the speed of advance 1s executed as
rapidly as possible but as slowly as necessary to ensure a complete penetration of the pipe
wall. The complete cutting-through of the pipe can in turn be detected 1n particular with
the assistance of the acceleration sensor 36. When the pipe wall 1s completely cut through,
this can result in a movement of the separated part of the pipe 4 in which the cutting head
2 1s fixed, where this movement 1s detected by the acceleration sensor 36, since this 1s

firmly connected to the pipe 4 via the cutting head 2.

|34] Thus a more reliable detection of the complete cutting-through of the pipe wall can

be achieved through the combined evaluation of the sensor signals.
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Patentkrav

1. Vand-abrasiv-skaereanleeg med et skaerehoved (2), der omfatter en fikse-
ringsindretning (16, 18, 20) til at fiksere skaerehovedet (2) pa vaeggen, der skal
skaeres, og et dysehoved (10), der er anbragt pa skaerehovedet (2), i hvilket
dysehoved der er anbragt mindst en skaeredyse (12) til udsendelse af en skae-
restrale (14),

og med en skareovervagningsindretning (26), der omfatter mindst en hydro-
fon (30), kendetegnet ved, at hydrofonen er anbragt pa en yderside af skae-
rehovedet (2) pa en sadan made, at den kan komme i kontakt med en vaeske,
der omgiver skaerehovedet (2), og skaereovervagningsindretningen (26) om-
fatter mindst en yderligere sensor (32, 34, 36), hvor skaereovervagningsindret-
ningen (26) er udformet pa en sadan made, at den pa baggrund af hydrofonens
(30) og den mindst ene yderligere sensors sensorsignaler registrerer en fuld-
staendig penetrering og/eller gennemskaesring af vaeggen.

2. Vand-abrasiv-skeereanlaeg ifelge krav 1, kendetegnet ved, at skaerean-
laegget er udformet til at skaere rer, og skaerehovedet (2) er udformet til indfa-
ring i et rar (4) eller til anbringelse pa rarets udvendige omkreds.

3. Vand-abrasiv-skeereanlaeg ifelge krav 1 eller 2, kendetegnet ved, at dyse-
hovedet (10) er anbragt bevaegeligt og iseer drejeligt pa skeerehovedet (2).

4. Vand-abrasiv-skaereanleeg ifslge et af de foregaende krav, kendetegnet
ved, at den mindst ene yderligere sensor er mindst en kropslydsensor (34)
og/eller mindst en accelerationssensor (36) og/eller mindst en tryksensor (32),
og at en fuldstaendig penetrering og/eller gennemskasring af en rarvaeg for-
trinsvis registreres pa baggrund af kropslydsensorens (34), accelerationssen-
sorens (36), hydrofonens (30) og tryksensorens (32) sensorsignaler.

5. Vand-abrasiv-skaereanlaeg ifelge krav 4, kendetegnet ved, at accelera-
tionssensoren (36) og kropslydsensoren (34) er udformet som en integreret
kropslyd-accelerationssensor.
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6. Vand-abrasiv-skaereanlasq ifelge krav 4 eller 5, kendetegnet ved, at acce-
lerationssensoren (36) og kropslydsensoren (34) er anbragt pa skaerehovedet
(2) pa en sadan made, at de kan bringes i svingningsoverfagrende forbindelse
med, fortrinsvis anlaegges direkte pa, en vaeg, der skal skeeres.

7. Vand-abrasiv-skeereanleeg ifelge et af kravene 4 til 5, kendetegnet ved,
at accelerationssensoren (36) og kropslydsensoren (34) er anbragt |1 et an-
laegselement (18) af fikseringsindretningen, hvilket anlaegselement er bereg-
net til anlaeggelse pa vaeggen.

8. Vand-abrasiv-skaereanlaeg ifelge et af kravene 4 til 6, kendetegnet ved,
at accelerationssensoren (36) er en 3D-accelerationssensor.

9. Vand-abrasiv-skeereanleeg ifelge et af kravene 4 til 8, kendetegnet ved,
at tryksensoren (32) er anbragt pa skaerehovedet (2) pa en sadan made, at
den kan registrere trykket af en vaeske, der omgiver skaerehovedet (2).

10. Vand-abrasiv-skaereanlaeg ifalge et af kravene 3 til 9, kendetegnet ved,
at fikseringsindretningen (16, 18, 20) omfatter tre anlaegselementer (16, 18,
20), der er fordelt over skaerenovedets omfang, og som til fiksering kan komme
til at laegge an mod en rervaeg, hvor fortrinsvis et af anlaegselementerne (16,

18, 20) kan bevaeges | radial retning.

11. Vand-abrasiv-skeereanlaeg ifelge krav 10, kendetegnet ved, at to af an-
laegselementerne (16, 20) er udformet stift | radial retning og fortrinsvis er fast-

gjort udskifteligt pa skaerehovedet.

12. Vand-abrasiv-skeereanleeg Iifelge krav 10 eller 11, kendetegnet ved,
at mindst et af anleegselementerne og fortrinsvis alle anlaegselementer (16,
18, 20) pa en overflade, der er tilvejebragt til anleeggelse pa en r@rvaeeg, om-
fatter indgrebsmidler (24) til formsluttende indgreb | r@arvaeggen.
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13. Vand-abrasiv-skeereanlaeg ifelge et af kravene 4 til 12, kendetegnet ved,
at skaereovervagningsindretningen er udformet pa en sadan made, at den re-
gistrerer en gennemskaering af vaeggen, i1sar et rar (4), ved en stigning af ac-
celerationerne, der detekteres af accelerationssensoren (36).

14. Vand-abrasiv-skaereanlaeg ifolge et af de foregaende krav, kendetegnet
ved, at skeereovervagningsindretningen er udformet pa en sadan made, at
den ved en a&ndring af hydrofonens (30) sensorsignal reqistrerer, at skaesre-
stralen (14) indeholder abrasive midler.

15. Vand-abrasiv-skeereanlaeg ifelge et af kravene 4 til 14, kendetegnet ved,
at skaereovervagningsindretningen er udformet pa en sadan made, at den re-
gistrerer en gennembrydning af vaeggen ved en reduktion af trykket, der de-
tekteres af tryksensoren (32), og/eller en aendring af kropslydsensorens (34)
sensorsignal.

16. Vand-abrasiv-skaereanlaeg ifalge et af de foregaende krav, kendetegnet
ved, at skaereovervagningsindretningen arbejder sammen med en styreindret-
ning (26) til requlering af et drev af dysehovedet (10) pa en sadan made, at en
fremferingsbevasgelse af dysehovedet (10) reguleres afhaengigt af et signal af
skaereovervagningsindretningen.
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