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Method and Apparatus for Ultrasonic Testing of an Object

FIELD

The invention relates to a method for ultrasonic testing of an object,
wherein at at least one moment of testing, an ultrasonic test signal 18

transmitted into the object.

BACKGROUND

Such a method is known per se from practice for detecting defects
present in the object, for measuring the thickness of the object or the like, see

for instance US patent 6,055,862. The method is for instance suitable for

' detecting defects in train rails and/or wear of the train rails. A measuring

train is then driven over the rails at a particular measuring velocity. The
measuring train is provided with a number of transducers designed for
transmitting ultrasonic test pulses perpendicularly and at specific angles into
the rails. Moreover, the train is provided with detectors for receiving echoes
coming from the test pulses. On the basis of the echo pattern delivered by
these echoes, it can be determined whether defects are present in the rails,
what the positions of the found defects are, and what the track height is.
Determining this is, generally, carried out by suitable signal processing

electronics, 1n particular one or more appropriately programmed computers.

An advantage of the known method is that with it, an object can be checked for

defects in a rapid and non-destructive manner.

A-drawback of the known method is that it is relatively difficult to
detect the associated echo of each sound siénal transmitted into the object. For
instance, different interference signals having a different source than the test
signals can propagate through the object. When measurements are performed
on rails’, these interference signals can comprise, for instance, noise produced

by the measuring train itself, for instance noise formed by the train wheels
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twisting when negotiating curves. Such interference signals can render the
detection of the echo of a test signal impossible. In addition, the interference
signals can be unintentionally detected as being echoes of the test signals,

thereby leading to an incorrect test result.
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Another source of disturbance of the measurement are the test
signals themselves, in case the method is carried out with more than one test
signal. In that case, it proves difficult to distinguish the echoes of the different
test signals from each other, in particular when the test signal are successively

transmitted along a part of the object to be tested in a relatively short period of

time.

SUMMARY

In one aspect, the object of the present invention is an improvement of
the method for ultrasonic testing of an object. In one embodiment, the object of

the invention is in particular a method with which testing can be carried out

relatively accurately.

In one embodiment, the method according to the invention in
characterized by a method in which a at least one test moment, an ultrasonic test

signal is transmitted
into the object. After a pa-rticular verification period, measured from the test
moment, an ultrasonic verification signal is transmitted into the object. A
possible echo of this test signal is received at a particular first measuring
moment. This echo is accepted as being an echo of the test signal mentioned
only when an echo of the verification signal is received at a second measuring
moment. In this manner, the object can be ultrasonically tested particularly
accurately. On the basis of the verification signal, it is then determined '
whether an ultrasonic signal received from the object actually is an echo of the
test signal. If a received signal does not come from a test signal, often, no echo
of a verification signal will be received. In that case, the received signal can be
rejected. Possible echoes of test signals are accepted after receipt of associated
echoes of verification signals only. With this method, interference signals can
be separated well from test signals.

-Acceptance of the test signal can also be considered as acceptance of
receipt of the verification signal. In that case, the echo of the test signal serves

to verify an echo of a verification signal emitted later. The parts of verification

signal and test signal are then reversed.
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In one embodiment, the method can therefore be carried out

in an equivalent manner, by first tran'smitting a verification signal into the
object and then a test signal. The invention is then characterized i particular
in that at at least one test moment, an ultrasonic verification signal is
transmitted into the object, while after a particular verification period,
measured from the test moment mentioned, an ultrasonic test signal is
transmitted into the object while a possible echo from this test signal is
received from the object at a particular second measuring moment, the
possible echo being accepted as being the echo of the test signal only when an
echo of the Yeriﬁcation signal is received at a particular first measuring

moment.

In one embodiment, this method utilizes the same inventive concept as the

- above method and therefore also offers the above-mentioned advantages.

According to a preferred embodiment, the alleged echo of the test
signal mentioned is accepted as being the echo of this test signal only when the
difference between the first and second measuring moment is substantially

equal to the verification period mentioned.

Each test signal and an associated verification signal have been
transmitted into the object with a particular intermediate verification period.

When, thereupon, echoes having substantially the same intermediate

verification period are received from the object, these echoes can be accepted as

_' being the echoes of this test signal and this verification signal. By means of the

verification period, the echo of the verification signal then proves that a

particular echo belongs to a particular test signal.

In another aspect, the invention further provides an apparatus intended and

" designed for carrying out the method.

With this apparatus, in one embodiment, the method according to the
Invention can be carried out in an advantageous manner, which offers the

above-mentioned advantages. The apparatus can be used in different manners,

for instance for
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testing objects, elements, rails, vehicle parts, vessel and/ or airplane parts or

the like.
BRIEF DESCRIPTION OF THE DRAWINGS

Presently, the invention will be further elucidated with reference to an

exemplary embodiment and the dravs}ing. In the drawing:

Fig. 1A schematically shows a time line of a method known from the

state of the art, wherein a number of test signals are periodically transmitted

into the object;
Fig. 1B shows a similar time line as Fig. 1A, the test signals being

transmitted into the object with a halved period;
Fig. 2 schematically shows an echo pattern, belonging to the method

represented in Figs, 1A and 1B;
Fig. 3 schematically shows a time line of a method according to the

present invention;
'Fig. 4 schematically shows an echo pattern, belonging to the method

represented 1n Fig. 3; and
Fig. b shows an apparatus for carrying out a method for ultrasonic

testing of an object.

DETAILED DESCRIPTION

Figs. 1 and 2 schematically show a method known from practice

wherein a number of ultrasonic pulses are periodically transmitted into an

object, The method is carried out with, for instance, the measuring apparatus 1
schematically represented in Fig. 5. The measuring apparatus 1, for instance a
part of a measuring train, is moveable over the object 2, for instance rails. The
apparatus 1 1s provided with a measuring and detecting system 3 which is
designed for introducing ultrasonic pulses into the object 2 and receiving
echoes coming from those pulses. The system 3 mentioned can be suitably
brought into contact with the object 2, for instance directly or indirectly, via a
liquid, via air or in a different manner. The measuring a\\nd detecting system 3
comprises one or more transducers (not shown) for generating the ultrasonic

pulses and introducing them into the object, and one or more detectors (not
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shown) for receiving echoes of the ultrasonic pulses. The measuring and
detecting system 3 is connected to a control 4 designed for processing signals
received by the detectors. Preferably, the control is designed for determining
from a received echo pattern, whether and where possible errors, breakages,
defects and other irregularities are present in the object. In addition, the
control is designed for, for instance, determining the thickness of the object on
the basis of the echoes mentioned. Such a measuring apparatus 1 1s known per
se from practice, see for instance US 6,055,862.

During use, the measuring apparatus 1 transmits a number of test
signals into the object 1, for instance according to the test pattern represented
in Figs. 1A and 1B. Fig. 1 shows a time line along which a number of
ultrasonic pulses have been indicated with reference numerals S1, S2, 53. The
pulses S1, S2, S3 all have the same frequency spectrunﬁ and the same pulse
duration. In the present exemplary embodiment, the pulses S1, 82‘,‘” S3 are
successively transmitted into the object 2 with a substantially fixed test period
T from the moment t=0. Therefore, the first pulse S1 is transmitted at a first
test moment t=0, the second pulse S2 at second test moment t=T and the third
pulse S3 at a third test moment t=2T. When the measuring apparatus 1 1s
moved along the object 2 at a particular measuring velocity V, the pulses S1,
S2. S3 will be introduced into the object 2 at substantially fixed mutual
distances. Upon an increase of the measuring velocity V, for instance a
doubling, the test period is to be reduced, for instance halved, for transmission
of the pulses S1, S2, S3 into the object at the same distances, which 1s
represented in Fig. 1B. For transmitting the pulses at desired distances into
the object 2, the test period T can, for instance, comprise a particular
measuring time and a particular waiting time. Naturally, during use, the test
period T mentioned can also be varied in different manners. For instance, the
test period can for instance be varied with a particular measuring velocity V of
the measuring apparatus 1. In addition, the test period can for instance be

adjusted to an acceleration and/or deceleration of the measuring apparatus 1.
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The measuring and detecting apparatus can for instance be coupled to a

tachometer (not represented) of the apparatus 1.

Echo signals coming from the test pulses S1, S2, 53 are received by
the measuring apparatus 1. The associated echo pattern with echoes K1, E2,
E3 is represented in Fig. 2. The first echo E1, coming from the first test pulse
S1, is received at a particular first measuring moment, following a measuring
period M after the first test moment t=0. The length of this measuring period
M depends inter alia on the sound velocity in the material of the object 2 to be
tested and the dimensions of this object 2, and of the sound velocity of the
materials and the substances present between the object 2 and the detectors of
the apparatus 1. As follows from Figs. 1B and 2, the echo E1 of the first pulse
S1 can for instance arrive at the detector only after the second pulse 52 has
been transmitted. In that case, the second pulse S2 can interfere with the
receipt of the echo E1 of the first pulse. Moreover, this known method 1s
sensitive to other interference signals propagating through the object 2.

Figs. 3 and 4 schematically show time lines of an exemplary
embodiment of a method according to the present invention which is relatively
insensitive to interference signals. As shown in Fig. 3, several ultrasonic test
signals S1, S2, S3, S4 are then transmitted into the object 2 at particular test
moments, with an intermediate test period T. The test period T between
neighbouring test signals S1, S2, S3, S4 is, for instance, less than
approximately 1 ms, and is more in particular in the range of 0.5 - 0.01 ms.
Naturally, the test period can also be approximately 1 ms or more, depending
on the use and/or measuring velocity of the apparatus. The test periods T of
the test signals S1, S2, S3, S4 can for instance be such that the test signals are
transmitted into the object 2 approximately every one or few millimeters when
the apparatus is moved along the object 2 at a particular velocity V.
Preferably, during use, the apparatus 1 is moved along the object at a
measuring velocity V which is greater than approximately 10 m/s, more in

particular greater than approximately 20 m/s. As a result, a large part of the
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object can be tested relatively rapidly. It is, for instance, very advantageous
when the measuring velocity V is at least approximately 30 m/s while the test
signals are transmitted into the object every 2 to 3 mm.

With some of the test signals S1, S2 and S4, also, ultrasonic
verification signals S1', S2', S4', S4" are transmitted into the object 2, in
particular after particular verification periods Ati, Atz, measured from the test
moments mentioned. In the exemplary embodiment, one verification signal S1'
is transmitted one first verification period At; after the first test moment t=0.
A verification signal S2'is transmitted after a second verification period Atz
from the second test moment t=T. In the exemplary embodiment, the second
verification period Ats is longer than the first verification period At; for
distinguishing the associated echoes from each other. Two verification signals
S4' and S4" are transmitted at suitable verification periodg after the third test
moment t=2T. In the exemplary embodiment, no verification signal 1s
transmitted for the purpose of verifying the third test signal S3. Naturally,
more test signals, with or without associated verification signals, can be
introduced into the object 2. Further, verification signals can for instance also
be transmitted prior to associated test signals, which has not been represented
in the Figures. Moreover, the test periods T between the test signals can be
oreater than the verification period Ati, Atz mentioned.

Preferably, each test signal S1, S2 and one or more associated
verification signals S1', S2', are introduced close to each other into the object 2,
so that echoes of these signals come from substantially the same part of the
object 2, which renders the verification of the test signals extra accurate. Each
test signal can, for instance, be transmitted into the object 2 at a first position,
while an associated verification signal S1', S2' is transmitted into the object 2
at a second position adjacent said first position. Preferably, the distance
between the first and second position is smaller than approximately 1 mm, and
is in particular approximately 0.5 mm or less, more in particular

approximately 0.1 mm or less.
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Preferably, each verification period is relatively small with respect
to the test period T of the test signals. For instance, the verification period At;,
At 1s preferably smaller than approximately 100 ps, in particular smaller than
approximately 50 us, more in particular smaller than approximately 20 us.
The verification period can for instance be 1n the range of approximately 1 — 20
us. When different verification periods Ati, Atz are used, as is the case in the
exemplary embodiment, these can differ from each other by, for instance, one
or a few us. One verification period can for instance take longer than
approximately 10 us, while, conversely, the other 1s shorter.

Fig. 4 shows a part of the echo pattern of the test pattern
represented in Fig. 3, following a good receipt of the echoes E1, E2, E1', E2'
coming from the test signals S1, S2 and verification signals S1', S2'. Here, each
echo of each test signal is received at a first associated measuring moment. In
the exemplary embodiment, the received echo Ei, E2 of each test signal S1, S2
is verified on the basis of the receipt, and in particular the moment of receipt
of the echo E1', E2' of the associated verification signal S1', S2'. The echo of
each test signal S1, S2 1s accepted only when the echo E1', E2' of the associated
verification signal S1', S2'is received at a particular second measuring
moment and when the difference between the first and second measuring
moment 1s substantially equal to the verification period mentioned. The fact is
that, at least with the present exemplary embodiment, upon a proper receipt,
the verification echo is received approximately an associated verification
period later than the echo of the associated test signal. In case a verification
signal is transmitted prior to an associated test signal, upon a correct receipt,
the verification echo 1s received approximately an associated verification
period sooner than the echo of the associated test signal. When no verification
signal is received or at a different moment than the expected moment, a
received, assocliated, alleged echo of a test signal is rejected.

Preferably, test signals and verification signals are used which are

substantially equal to each other, which renders measuring and signal
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processing thereof relatively accurate. In particular each test signal and each
associated verification signal have substantially the same signal duration,
substantially the same amplitude and substantially the same frequency
spectrum so that an accurate verification can be carried out. On the other
hand, each test signal and verification signal can for instance differ from each
other as to, for instance, signal duration, amplitude and/or frequency
spectrum. Further, the test signals can mutually be the same or difter as to
pulse duration, amplitude and/or frequency.

In order to carry out the present invention, the invention further
provides an apparatus which is preferably provided with a control, in
particular computer means, which control is designed for accepting an echo
received at a particular measuring moment as being an echo E1, E2 of a test
signal S1, S2 only when an echo E1', E2' of the verification signal 51", 52"1s
received at a particular different meaéuring moment. Preferably, the control is
then designed for accepting a received echo only when the difference between
the one and other measuring moment is substantially equal to the verification
period At1 Atz mentioned, which renders the apparatus particularly accurate
and insensitive to interference signals.

It is self-evident that the invention is not limited to the exemplary
embodiment described. Various modifications are possible within the
framework of the invention as set forth in the following claims.

For instance the transducers, detectors and such can be designed
and arranged in various manners. The measuring apparatus 1 can further be
designed in different manners, which is for instance dependent on the object to
be tested therewith.

Further, different test signals can for instance be distinguished from
each other well when the length of the verification period is varied with a
number of test signals to be successively transmitted. In addition, for instance,
some test signals can be provided with verification signals and others not.

Further, for the purpose of verification of a test signal, for instance several
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associated verification signals can be generated, with easily recognizable

intermediate verification periods.

The test signals can comprise different signals, for instance signals
with a relatively short pulse duration of a few us or less. Furthermore, the
signals can be transmitted perpendicularly to and/or at different angles into

the object to be tested.

In addition, one or more verification signals can for instance be
transmitted into the object prior to and/or after at least one test signal for

verification of a possible echo of that test signal.
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CLAIMS:

1. A method for ultrasonic testing of an object, wherein at at least one test moment an
ultrasonic test signal (S1, S2) 1s transmitted into the object (2), while after a particular
verification period (At;, At;) measured from said test moment, an ultrasonic verification signal
(S1', S2') 1s transmitted into the object (2), a possible echo of said test signal (S1, S2) being
received from said object (2) at a particular first measuring moment, the possible echo being
accepted as being the echo (E1, E2) of said test signal (S1, S2) only when an echo (E1', E2')

of the verification signal (S1', S2') is received at a particular second measuring moment.

2. A method for ultrasonic testing of an object, wherein at at least one test moment an
ultrasonic verification signal (S1', S2') 1s transmitted into the object (2) while after a particular
verification period (At,, Aty) measured from said test moment, an ultrasonic test signal (S1,
S2) 1s transmitted 1nto the object (2), a possible echo of said test signal (S1, S2) being
received from said object (2) at a particular second measuring moment, the possible echo
being accepted as being the echo (E1, E2) of said test signal (S1, S2) only when an echo (E1',

E2") of the verification signal (S1', S2') is received at a particular first measuring moment.

3. The method according to claim 1 or 2, wherein the possible echo of said test signal is
accepted as being the echo (E1, E2) of that test signal (S1, S2) only when the difference
between the first and the second measuring moment 1s substantially equal to said verification

period (Aty, Aty).

4 The method according to any one of claims 1 to 3, wherein said test signal (S1, S2)
and each associated verification signal (S1', S2') are equal to each other and have in particular

the same signal duration, the same amplitude and the same frequency spectrum.

5. The method according to any one of claims 1 to 4, wherein said test signal (S1, S2) is
transmitted into the object (2) at a first position, while said verification signal (S1', S2') is

transmitted into the object (2) at a second position adjacent said first position.

11
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6. The method according to claim 5, wherein the distance between the first and second

position is smaller than approximately 1 mm, is in particular approximately 0.5 mm or less,

more in particular approximately 0.1 mm or less.

7. The method according to any one of claims 1 to 6, wherein said veritication period
(At;, Aty) 1s smaller than approximately 100 pus, more in particular smaller than approximately

50 ps, more in particular smaller than approximately 20 ps.

8. The method according to any one of claims 1 to 7, wherein successively a number of
test signals (S1, S2, S3, S4) are transmitted into the object (2), in particular with intermediate
test periods (T) which are greater than said verification period (At;, Aty), while after or prior to
at least one of said test signals, at least one associated verification signal (S1', S2', S4', S4") is

transmitted into the object.

9. An apparatus for ultrasonic testing of an object, wherein the apparatus is:

- configured to transmit, at at least one test moment, an ultrasonic test signal (S1, S2) into the
object (2);

- configured to transmit, after a particular verification period (Atl, At2) measured from said
test moment, an ultrasonic verification signal (S1', S2') into the object (2);

- configured to receive a possible echo of said test signal (S1, S2) from said object (2) at a
particular first measuring moment, and

- configured to accept the possible echo as being the echo (E1, E2) of said test signal (S1, S2)
only when an echo (E1', E2') of the verification signal (S1', S2') is received at a particular

second measuring moment.

10.  An apparatus for ultrasonic testing of an object, wherein the apparatus is:

- configured to transmit, at at least one test moment, an ultrasonic verification signal (S1°,
S2’) into the object (2);
- configured to transmit, after a particular verification period (Atl, At2) measured from said

test moment, an ultrasonic test signal (S1, S2) into the object (2);

12
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- configured to receive a possible echo of said test signal (S1, S2) from said object (2) at a
particular second measuring moment, and

- configured to accept the possible echo as being the echo (E1, E2) of said test signal (S1, S2)
only when an echo (E1', E2') of the verification signal (S1', S2') 1s received at a particular first

measuring moment.

11.  The apparatus according to claim 9 or 10, wherein, during use, the apparatus is moved
along the object (2) at a particular measuring velocity (V), while the measuring velocity (V) is
in particular greater than approximately 10 m/s and more in particular greater than

approximately 20 m/s.

12.  The apparatus according to any one of claims 9 to 11, provided with a control, in
particular computer means, which control 1s designed for accepting an echo received at a
particular measuring moment as being an echo (E1, E2) of the test signal (S1, S2) only when
an echo (E1', E2') of the verification signal (S1', S2") is received at a different measuring
moment, and in particular when the difference between the one and other measuring moment

1s substantially equal to said verification period (At,, Atp).

13. A use of the apparatus according to any one of claims 9 to 12, in particular for testing

objects, elements, rails, vehicle parts, vessel parts or airplane parts and the like for defect.

13
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