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(57) Abrégé/Abstract:

The invention relates, in a first aspect, to a method for inspecting an object, in particular a pipeline, for flaws, comprising: emitting a
first signal toward the object in a first direction by means of a first ultrasonic transducer; and receiving a first response signal coming
from the object from a second direction by means of a second ultrasonic transducer, wherein the first direction and the second
direction are different from each other.
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ABSTRACT

The invention relates, in a first aspect, to a method for inspecting an object, in
particular a pipeline, for flaws, comprising: emitting a first signal toward the object in a
first direction by means of a first ultrasonic transducer; and receiving a first response
signal coming from the object from a second direction by means of a second ultrasonic
transducer, wherein the first direction and the second direction are different from each

other.
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METHOD AND DEVICE FOR CHECKING AN OBJECT FOR FLAWS

DESCRIPTION

Technical field

The present invention relates to a method and a device for checking an object for
flaws.
Background

Checking of an object for flaws is relevant in many technical areas.

For example, in respect of pipelines intended for the transport of a fluid, in order
to guarantee transport with no loss as far as possible, apart from a final check of the
pipeline after its fabrication/assembly, it is essential to examine the pipeline for flaws at
certain intervals of time or after the discovery of a leak.

For this purpose, the pipeline to be examined can be tested non-destructively and
in situ for example by means of ultrasound, magnetic flux leakage or eddy current. In such
a test, for instance, an arrangement of ultrasonic transmitters and receivers is mounted
on what is known as a pig and the pig is inserted into the line. The pig then travels through
the pipeline and picks up the sensor signals as function of the distance covered. After the
end of the examination or even during it the stored sensor signals can be read and
analysed.

In this connection, through perpendicular irradiation of for example ultrasound
relative to the pipe wall, material losses (e.g. due to corrosion} and other flat defects lying
parallel to the pipe wall can be detected (wall thickness measurement). Through oblique
irradiation cracks and other defects lying perpendicular to the pipe wall can be detected
(crack testing).

One method used in particular for crack testing is that known as the (im)pulse-echo
method. In this connection the emitted sound wave is scattered and reflected partly or
completely on flaws. A returning echo is received accordingly and is converted into a crack
depth. However, this method shows a saturation behaviour with cracks of more than
approx. 4 mm. Therefore, to date no accurate and absolute statements regarding cracks
with larger crack depths have been possible with this method. Moreover, the sensitivity
of this method decreases in relation to defects not orientated radially/axially with

increasing misposition.
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The ability to carry out crack testing with greater accuracy and over a wider range
can therefore be identified as an object to be achieved.

Outline of the invention

A first aspect of the invention relates to a method for inspecting an object, in
particular a pipeline, for flaws, wherein the method comprises the following steps:

emitting of a first signal running in a first direction in the object by means of a first
ultrasonic transducer; and

receiving of a first response signal coming from a second direction in the object by
means of a second ultrasonic transducer,

wherein the first direction and the second direction are different from each other.

This aspect is based on the surprising finding that crack testing can be carried out
with greater accuracy with the help of this method/geometry. A further component of
the underlying finding of the invention is the fact that the first response signal can be used
to detect a flaw. In particular defects not orientated radially/axially can be detected better
and in some cases can simply be detected with the help of this coordinated pair of
transducers. With the help of this method, for instance in the case of a pipeline, cracks

lll

can be detected both on the outside and on the inside. Furthermore “mid-wall” defects
not connected with the surface are also detectable with it.

The first signal running in the first direction in the object and the first response
signal coming from the second direction relate preferably to (propagation) directions of
these signals, which they have immediately after entry (in the case of the first signal) and
before exit (in the case of the first response signal) from the object. in between
reflections, diffractions or so-called skips are possible inside the object or on the
surfaces/interfaces of the object. The same applies also to the further signals mentioned
below. Particularly preferably the first direction and/or the second direction have a
respective propagation component perpendicular to one of the surfaces of the object. In
particular this can be achieved by the signals being irradiated or received from outside
the object.

The first and second transducers can each be designed as independent ultrasonic
transducers, which can in particular be designed and arranged to be {physically) separate
from each other. Alternatively, they can also each be designed in the form or as part of a

phased-array arrangement. The transducers can be for example piezo transducers, which

are arranged at a certain distance from the object and emit the first signal onto a first
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surface of the object and receive the first response signal coming from the first (or
another) surface of the object. In this case a contact medium serves to transmit the signals
between the transducer and the object — in a pipeline to be examined for example a fluid
flowing through the pipeline. Alternatively, however, electromagnetic-acoustic
transducers can also be used.

The method can further comprise the step of the arranging of the first ultrasonic
transducer and of the second ultrasonic transducer on the same side of the object. In a
pipeline inspection both transducers are preferably arranged on the inside of the pipeline
in this connection. Preferably the first ultrasonic transducer and/or the second ultrasonic
transducer are arranged at a distance from the object, i.e. without standing in contact
with the object.

In this connection the first direction and the second direction can each form
substantially the same angle (except for mathematical sign) with the side of the object
facing the ultrasonic transducers.

The method can further comprise the additional step of the receiving of a second
response signal coming from the first direction in the object, in response to the first signal,
by means of the first ultrasonic transducer. To improve the accuracy, a pulse-echo method
can thus also be used.

The method further can comprise the following steps:

emitting of a second signal running in the second direction in the object by means
of the second ultrasonic transducer; and

receiving, in response to the emitting of the second signal, of a third response signal
coming from the first direction in the object by means of the first ultrasonic transducer.

In this way it is possible to insonify the object in “reverse” direction. From the
comparison of the measurement results and in particular of the time evolution of the
amplitude of the measurement signal in forward and backward direction in particular in
comparison with the pulse-echo signal valuable (additional) information can be obtained,
in particular in relation to an oblique position of a crack.

The method can comprise further the additional step of the receiving of a fourth
response signal, coming from the second direction and induced by the second signal, by
means of the second uitrasonic transducer.

The method can also comprise the step of the storing and evaluating of the first,

second, third and/or fourth response signal to characterise a flaw. Alternatively, or
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additionally the device can for example comprise a transmitting-receiving unit, to
exchange the received signals/data with a remote evaluation unit immediately or with a
time delay (after intermediate storage in a buffer storage facility).

A second aspect of the present invention relates to a device for inspecting an
object, in particular a pipeline, for flaws, comprising:

a first ultrasonic transducer, which is configured to emit a first signal running in a
first direction in the object; and

a second ultrasonic transducer, which is configured to receive a first response signal
coming from a second direction in the object,

wherein the first direction and the second direction are different from each other.

The first ultrasonic transducer and the second ultrasonic transducer can be
arranged on the same side of the object. In this connection preferably the first direction
and the second direction each form substantially the same angle with the side of the
object facing the ultrasonic transducers, i.e. for example the inside of the pipe of the
pipeline to be inspected.

The first ultrasonic transducer can be configured to receive a second response
signal coming from the first direction in the object, in response to the first signal.

Furthermore, the second ultrasonic transducer can be configured to emit a second
signal running in the second direction in the object, wherein the first ultrasonic transducer
is configured to receive a third response signal coming from the first direction in the object
by means of the first ultrasonic transducer, in response to the emitting of the second
signal. The second ultrasonic transducer can further be configured to receive a fourth
response signal coming from the second direction and induced by the second signal.

The device can comprise a storage facility and an evaluation unit to store and
evaluate the first, second, third and/or fourth response signal to characterise a flaw.
Alternatively, or additionally the device can comprise for example a transmitting-receiving
unit, to exchange the received signals/data with a remote evaluation unit immediately or
with a time delay (after intermediate storage in a buffer storage facility).

A device according to the second aspect can be used for example in a pig for
pipeline inspection.

A third aspect relates to the use of a device or of a pig according to the second
aspect for checking an object, in particular a pipe wall, for flaws.

Brief description of the figures
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Exemplary embodiments of the invention are described below with the help of the
following figures:

Figure 1 shows an ultrasound method carried out on an object with a crack running
substantially perpendicular to the surfaces of the object;

Figure 2 shows an ultrasound method carried out on an object with a crack running
obliquely to the surfaces of the object.

Detailed description

Embodiments of the claimed invention are described below with reference to
Figures 1 and 2.

Figure 1 shows a device, in which a first ultrasonic transducer 10 emits a first
ultrasonic signal 12 towards a first surface 14 of an object 16. In this example the
object 16 is a pipe wall and the first surface 14 is formed by the inside of the pipe.

In this example the ultrasonic signal 12 is a pulsed signal or otherwise modulated
signal. The first transducer 10 can be embodied for example as piezo-electric transducer.
It can function both as transmitter and as receiver.

The thus emitted signal 12 enters the object 16 via the first surface 14 in the form
of the inside of the pipe and passes through the object 16 in a first direction, until it hits
a second surface 18 of the object 16. In this example the second surface 18 is formed by
the outside of the pipe. In this connection the ultrasonic signal 12 emitted by the
transducer 10 usually propagates itself as transverse/shear wave in the object 16.

The signal 12 propagating itself in the first direction forms a first angle of about
45 degrees with the inside of the pipe.

On the second surface 18 the signal is reflected at least in part and returns to the
first surface 14 of the object 16 as first response signal 22 in a second direction, where it
exits the object 16 at least in part and is received by a second ultrasonic transducer 20.

The second transducer 20 can for example likewise be embodied as piezo-electric
transducer. The second transducer 20 can also function both as transmitter and as
receiver.

In this connection the response signal 22 running in the second direction forms a
second angle of likewise about 45 degrees with the inside of the pipe. It is evident that
the beam path is substantially symmetrical, and the first angle coincides substantially with

the second angle.
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In the set-up shown in Figurel a crack 24 running perpendicular to the
surfaces 14, 18 of the object 16 is located in the beam path. This crack 24 leads to a
shading/attenuation of the response signal 22 received in the second ultrasonic
transducer 20 and specifically to a reduction in the detected amplitude of the response
signal 22.

This principle leads also to a positive detection of the flaw shown in Figure 2. The
construction and in particular the position/orientation of the two transducers 10, 20 is
comparable with that in Figure 1. However, the crack 26 shown in Figure 2 runs obliquely
(i.e. not perpendicularly) to the surfaces 14, 18 of the object 16. Here also there is a
resulting shading/attenuation of the response signal 22 received in the second ultrasonic
transducer 20 and specifically a reduction in the detected amplitude of the response
signal 22.

In addition, the first ultrasonic transducer 10 can also be operated in a “classic”
pulse-echo method. In this connection in Figure 1 the first ultrasonic transducer 10
receives a second response signal {(not shown) coming from the first direction, said signal
being formed substantially by the echo on the crack 24. In Figure 2 the first ultrasonic
transducer 10 receives, if at all, only a significantly weaker second response signal in
comparison with the situation in Figure 1, said signal being formed substantially by the
echo on the crack 26.

With the “classic” pulse-echo method the crack 26 shown in Figure 2 would thus be
totally undetectable or detectable only with significantly greater effort. Moreover, the
determination of depth by means of the “classic” pulse-echo method is not possible with
corresponding accuracy.

In contrast even obliquely running flaws can be detected and even quantified with
the afore-described method.

Through the combination of both measuring methods the probability and accuracy
of detection can be increased further.

Afurtherimprovement in the probability and accuracy of detection can be achieved
by insonifying the object 16 in both forward and backward direction. In this connection a
second signal (not shown) is generated in the second direction in the object 16 by means
of the second ultrasonic transducer 20 either at the same time or alternately with the
emitting of the first signal 12. The first ultrasonic transducer 10 then receives a third

response signal, coming from the object from the first direction and induced by the
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second signal. Additionally, the second ultrasonic transducer 20 emitting the second
signal can also receive a fourth response signal (as pulse-echo signal) in response to the
second signal, in order to increase the evaluation accuracy further.

The necessary control of the transducers and also the signal storage/evaluation
have not been described explicitly and can be realised in various ways, which are known

to the skilled person.
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CLAIMS:
1. A method for inspecting a pipeline, for flaws, wherein the method comprises the
following steps:

emitting of a first signal (12) running in a first direction in the pipeline by means of
a first ultrasonic transducer (10); and

receiving of a first response signal (22) coming from a second direction in the
pipeline by means of a second ultrasonic transducer (20),

wherein the first direction and the second direction are different from each other;

wherein the method further comprises the steps of:

arranging of the first ultrasonic transducer (10) and of the second ultrasonic
transducer (20) on the inside of the pipeling;

receiving of a second response signal coming from the first direction in the pipeline,
in response to the first signal, by means of the first ultrasonic transducer (10);

emitting of a second signal running in the second direction in the pipeline by means
of the second ultrasonic transducer (20); and

receiving, in response to the emitting of the second signal, of a third response signal
coming from the first direction in the pipeline by means of the first ultrasonic transducer

(10).

2. The method according to claim 1, wherein the first direction and the second
direction each form substantially the same angle with the side of the pipeline facing the

ultrasonic transducers (10, 20).
3. The method according to any one of claims 1 to 2, comprising further the step of
the receiving of a fourth response signal coming from the second direction in the pipeline,

in response to the second signal, by means of the second ultrasonic transducer (20).

4, The method according to any one of claims 1 to 3, comprising further the step of

the storing and evaluating of the first response signal to characterise a flaw.

5. The method according to any one of claims 1 to 4, comprising further the step of

the storing and evaluating of the second response signal to characterise a flaw.

6424126

Date Regue/Date Received 2021-03-17
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6. The method according to any one of claims 1 to 5, comprising further the step of

the storing and evaluating of the third response signal to characterise a flaw.

7. The method according to any one of claims 1 to 6, comprising further the step of

the storing and evaluating of the fourth response signal to characterise a flaw.

8. A device for inspecting a pipeline for flaws, comprising:

a first ultrasonic transducer (10), which is configured to emit a first signal (12)
running in a first direction in the pipeline; and

a second ultrasonic transducer (20), which is configured to receive a first response
signal (22) coming from a second direction in the pipeline,

wherein the first direction and the second direction are different from each other;
and

wherein the first ultrasonic transducer (10) and the second ultrasonic transducer
(20) are arranged on the inside of the pipelineg;

wherein the first ultrasonic transducer (10) is configured to receive a second
response signal coming from the first direction in the pipeline, in response to the first
signal;

wherein the second ultrasonic transducer (20) is configured to emit a second signal
running in the second direction in the pipeline; and

wherein the first ultrasonic transducer (10) is configured to receive a third response
signal coming from the first direction in the pipeline by means of the first ultrasonic

transducer (10), in response to the emitting of the second signal.

9. The device according to claim 8, wherein the first direction and the second direction
each form substantially the same angle with the side of the pipeline facing the ultrasonic

transducers (10, 20).

10. The device according to any one of claims 8 or 9, wherein the second ultrasonic

transducer (20) is configured to receive a fourth response signal coming from the second

direction in the pipeline, in response to the second signal.

6424126

Date Regue/Date Received 2021-03-17
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11. The device according to any one of claims 8 to 10, comprising further a storage
facility and an evaluation unit to store and evaluate the first response signal to

characterise a flaw.

5 12. The device according to any one of claims 8 to 11, comprising further a storage
facility and an evaluation unit to store and evaluate the second response signal to

characterise a flaw.

13. The device according to any one of claims 8 to 12, comprising further a storage
10 facility and an evaluation unit to store and evaluate the third response signal to

characterise a flaw.

14. The device according to any one of claims 8 to 11, comprising further a storage
facility and an evaluation unit to store and evaluate the fourth response signal to

15 characterise a flaw.

15. Use of a device according to any one of claims 8 to 14 for inspecting a pipeline for

flaws.
20 16. A pig for pipeline inspection with a device according to any one of claims 8 to 14,
wherein the pig is configured to be inserted into a pipeline and to inspect the wall of the

pipeline from the inside.

17. Use of a pig according to claim 16 for inspecting a pipeline for flaws.

6424126

Date Regue/Date Received 2021-03-17
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