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(57) Abstract: The invention relates to a system (10) for monitoring a technical installation, in particular a pipeline, comprising at
least one acoustic sensor (12) for detecting noise emitted in a monitoring zone at least partially containing the technical installation.
According to the invention, the at least one acoustic sensor (12) is at least partially arranged within a respective focal point (14) of at
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SYSTEM FOR MONITORING A TECHNICAL INSTALLATION

DESCRIPTION

The invention relates to a system for monitoring a
technical installation according to the preamble of claim

1.

Different kinds of technical installations need to be
constantly monitored for security reasons, so that
technical failures as well as attempts of intruders to
manipulate the installation can be detected in time. 1In
certain cases, such as the monitoring of pipelines, this

necessitates the monitoring of huge areas of land.

A known technique for monitoring pipelines relies on
acoustic detection of leaks and intrusions. Such systems
consist of multiple acoustic sensors located along the
pipeline, which are monitored by a <central data

processing station.

The sensors can be distributed fiber optic sensors
detecting vibrations by measuring coherent Rayleigh noise
(CRN) or Brillouin backscatter. An example for such a

system is disclosed in GB 2 457 278.

All currently known pipeline security systems have
limitation with regard to the minimum noise and minimum
leak volume that can be detected. In order to improve the
signal to noise ratio, gaps between the fiber optic
sensor and the sound source can be filled with materials
that improve sound propagation to the sensor.

Alternatively, sound amplifiers and converters can be
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employed. However, both solution are expensive and

require constant maintenance.

It is therefore the objective of the present invention to
provide a system for monitoring a technical installation
according to the preamble of claim 1 with an improved

detection capability at low cost.

This objective is reached by a system according to claim

1.

Such a system for monitoring a technical installation, in
particular a pipeline, comprises at least one acoustic
sensor for detecting noise emitted in a monitoring zone

at least partially containing the technical installation.

According to the invention, the at least one acoustic
sensor 1s at least partially arranged within a focal

point of at least one acoustic concentrator device.

By concentrating the sound waves on the sensor, a higher
sensitivity can be achieved without the need for active
components or special materials, thereby reducing costs
and maintenance effort. The possibility to detect signals
at very low signal strengths enables the early detection
of events such as the formation of pinholes in pipelines
or the approach of intruders. Furthermore, such a systems
does not necessitate any changes in the sensor design, so
that existing systems <can be fitted with acoustic

concentrators without any further modifications.

In a preferred embodiment of the invention, the acoustic

concentrator device 1is an acoustic Fresnel lens. Such
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lenses can yield an acoustic sound concentration of 40-
80% at low focus lengths and are particularly cheap to

manufacture.

Should a stronger concentration be needed, acoustic
parabolic mirrors can be employed as acoustic
concentrator devices. They reach a sound concentration

ratio of up to 95%, albeit at longer focus lengths.

In both cases, dimensions of the acoustic concentrator
device have to be significantly larger than the
wavelength of the sound to be detected. In the particular
example of pipeline leak detection, however, this is
largely irrelevant, since the sound waves generated by
the supersonic or transonic fluid flow through pinhole

leaks are of very short wavelengths.

In a further preferred embodiment of the invention, the
at least one acoustic sensor is an optical fiber. This
allows for a particularly cheap and reliable monitoring

of large areas.

Detection thresholds can further be improved, 1if at least
one section of such an optical fiber arranged within the
focal point of an acoustic concentrator is coiled. By
coiling the fiber, a longer portion of it is exposed to
the concentrated sound waves within the focal point,

thereby increasing the sensitivity of the system.

It is furthermore advantageous, 1f the system comprises a
plurality of acoustic concentrator devices with different
spatial orientations, allowing for a more complete

monitoring of the technical installation. Additionally,
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this allows for locating events more precisely due to the

additional directional information.

In a further preferred embodiment of the invention, at
least one portion of the acoustical sensor not arranged
within a focal point of an acoustic concentrator device
is acoustically isolated. The suppression of noise from
the non-detecting parts of the sensor improves the

signal-to-noise ratio of the system.

In the following section, the invention and its preferred
embodiments will be explained in detail with reference to

the drawings. The figures show:

FIG 1: A schematic representation of an exemplary
embodiment  of a system according to the

invention;

FIG 2: a detailed view of a holding arrangement for an
acoustic concentrator device for a system

according to FIG 1;

FIG 3: a detailed view of a holding arrangement for an
optic fiber sensor for a system according to FIG

1;

FIG 4: a detailed view of a Fresnel type acoustic
concentrator device for a system according to

FIG 1;

FIG 5: a detailed view of a mirror type acoustic
concentrator device for a system according to

FIG 1;
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FIG 6: a schematic representation of an alternate
embodiment of a system according to the

invention and

FIG 7: a detailed view of an alternate holding
arrangement for an optic fiber sensor for a

system according to FIGs 1 or 6.

A system 10 for monitoring a technical installation, in
particular a pipeline, comprises a fiber optic acoustical
sensor 12 which 1is strung out along the area to be
monitored and placed in a manner that it traverses the
focal points 14 of a plurality of acoustic concentrators

le.

Sound waves emanating from the area to be monitored, e.q.
sounds caused by leaks in the pipeline, sounds produced
by intruders and the 1like, are concentrated by the
concentrator devices 16 onto the sensor 12 and cause
vibrations within the optical fiber part of the sensor
12. Such vibrations can be detected and 1localized by
means of Brillouin backscattering and/or coherent

Rayleigh noise.

The concentrator devices are attached to clamps 18, which
hold the fiber optic sensor 12 fixed to the respective

focal points 14 of the acoustic concentrators 16.

Such a system 10 is suitable to detect particularly faint
signals. For example, pinhole leaks in pipelines cause
supersonic or transonic flow through the hole, emitting
high frequency noise which tends to disperse on medium

non-uniformities of the same scale as the wavelength and



WO 2014/014378 PCT/RU2012/000590

10

15

20

25

30

therefor tends to get attenuated before it can reach
conventional sensors. Due to the use of acoustic
concentrators 16, such leaks can be reliably detected

using the system 10.

The acoustic concentrators 16 have the form of acoustic
Fresnel lenses, as depicted in FIG 4. Such a concentrator
16 comprises a plurality of concentric annular Fresnel
zones 20. They reach concentration ratios of 40-80% and

exhibit a very short focal length.

For higher acoustic concentration ratios of up to 95%,
parabolic or spherical acoustic mirrors as shown in FIG 5
can be employed. Incoming sound waves are reflected on
the parabolic inner surface of the concentrator 16. The
reflected waves 24 are concentrated into the focal point
14 of the concentrator 16. Usually, the focal distance is

longer for mirrors than for Fresnel lenses.

For all applications, it has to be considered that the
concentrator device 16 has to be significantly larger
than the wavelength of the sound to be concentrated. In
the case of pipeline monitoring, however, the extremely
short wavelength of sound created by pinhole leaks poses
no practical restrictions on the design of the
concentrators 16, which can have radii as small as dozens

of centimeters.

The design of the concentrators 16 can be adapted to the
monitoring task at hand. Form and size of the
concentrators 16 determine not only the wavelengths that
can be amplified, but also the spatial resolution of the

system 10. In case of pipeline monitoring systems 10, the
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spatial resolution has to be in the order of magnitude of

the length of one pipe-tube section, e.g. about 10 m.

To enable directional monitoring of sound sources, the
concentrator devices 16 <can be oriented facing in
different directions 26, as shown in FIG 6. This allows
for determination of the precise direction from which a

detected signal emanates.

An additional increase in sensitivity can be reached by
using an arrangement as depicted in FIG 7. Here, a
section 28 of the optical fiber sensor 12, which 1is
located within the focal point 14 of the concentrator
device 16 is coiled, so that a bigger part of the optical

fiber sensor 12 is exposed to the concentrated sound.

The sections 30 of the optical fiber sensor 12, which are
located between the focal points 14 of the concentrators
16, can Dbe used as reference readings to improve the
signal-to-noise ratio of the detection. Alternatively, it

is possible to acoustically isolate those sections 30.

In summary, a system 10 as described above allows for
high-sensitivity detection of events that are not
detectable with monitoring systems known from the state
of the art, such as very small leaks in pipelines. Such
events can therefore be detected particularly early, so
that necessary maintenance can be performed before any
significant damage has been done. The directional
monitoring capability offered by the system 10 makes it
possible to precisely locate the source of sound events.
Furthermore, no active sound amplification 1is necessary,

so that such a system 10 is particularly cheap to install
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and easily to 1integrate

monitoring systems.

with

existing
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List of reference signs
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focal point
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10

CLAIMS

1. System (10) for monitoring a technical installation,
in particular a pipeline, comprising at least one
acoustic sensor (12) for detecting noise emitted in a
monitoring =zone at least partially containing the
technical installation, characterized in that the at
least one acoustic sensor (12) 1is at least partially
arranged within a respective focal point (14) of at least

one acoustic concentrator device (16).

2. System (10) according to claim 1, characterized in
that the acoustic concentrator device (16) is an acoustic

Fresnel lens.

3. System (10) according to claim 1, characterized 1in
that the acoustic concentrator device (16) is an acoustic

parabolic mirror.

4., System (10) according to any one of claims 1 to 3,
characterized in that the at least one acoustic sensor

(12) is an optical fiber.

5. System according to claim 4, characterized in that at
least one section (28) of the optical fiber (12) arranged
within the focal point (14) of an acoustic concentrator

device (1l6) is coiled.

6. System (10) according to claim 4 or 5, characterized
in that the system (10) comprises a plurality of acoustic
concentrator devices (16) with different spatial

orientations.
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11

7. System (10) according to any one of claims 1 to 6,
characterized in that at least one portion (30) of the
acoustical sensor (12) not arranged within a focal point
(14) of an acoustic concentrator device (16) is

acoustically isolated.
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