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The Invention relates to a method for the non-destructive testing of a test object (100) by way of ultrasound, saild method

comprising the following steps: (a) radiating directed ultrasonic p

irradiation angle B being set electronically, (b) recordin
object (100), (c) determining an irradiation position XO |
(102) In the volume of the test object, (d) determining th

its maximum at position X0, (e) changing the irradiation position X0 — X1 on the surface of the test object (100), the change of the
irradiation position being captured, (f) electronically adjusting the irradiation angle B in such a manner that the ERS value of the
error (102) reaches its maximum In the changed irradiation position X1. The invention further relates to a device which Is suitable

for carrying out said method.
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(57) Abstract: The mvention relates to a method for the non-de

structive testing of a test object (100) by way of ultrasound, said

method comprising the following steps: (a) radiating directed ultrasonic pulses mto the test object (100) at an wrradiation angle B3,

said 1rradiation angle BB being set electronically, (b) recording echo signals that result from the ultrasonic pulses radiated mto the
test object (100), (¢) determining an rradiation position X0 in which echo signals can be recorded that can be associated with an

error (102) in the volume of the test object, (d) determining the 1

radiation angle Bmax for which the ERS value of the error (102)

reaches i1ts maximum at position X0, (¢) changing the irradiation position X0 — X1 on the surface of the test object (100), the

change of the irradiation position being captured, (1) electronically adjusting the irradiation angle B3 in such a manner that the ERS

value of the error (102) reaches its maximum 1n the changed 1

rradiation position X1. The invention further relates to a device

which is suitable for carrying out said method.

(57) Zusammenfassung:
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/M, ZW), eurasisches (AM, AZ, BY, KG, KZ, MD, RU,
TJ, TM), europdisches (AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SL
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, (88) Veriffentlichungsdatum des internationalen Recher-
GW, ML, MR, NE, SN, TD, TG). chenberichts:

Veroftentlicht:

—  vor Ablauf der fiir Anderungen der Anspriiche geltenden
Frist; Veroffentlichung wird wiederholt, falls Anderun-
gen eingehen (Regel 48 Absatz 2 Buchstabe h)

3. Dezember 2009

—  mit internationalem Recherchenbericht (Artikel 21 Absatz

3)

Gegenstand der Erfindung 1st ein Verfahren fiir die zerstorungstreie Priifung eines Priitlings 100 mittels Ultraschall, welches die
folgenden Verfahrensschritte umtasst: a. Einschallen gerichteter Ultraschallpulse in den Priitling (100) unter emem FEinschallwin-
kel 3, wobel der Einschallwinkel B3 elektronisch emgestellt wird, b. Auinehmen von Echosignalen, die aus den in den Priifling
(100) eimngeschallten Ultraschallpulses resultieren, ¢. Bestimmen einer Einschallposition X0, an der Echosignale aufgenommen
werden konnen, die emem Fehler (102) im Volumen des Priitlings zugeordnet werden konnen, d. Bestimmen des Einschallwin-
kels Bmax, fiir den der ERS-Wert des Fehlers (102) an der Position X0 maximal wird, e. Verandern der Einschallposition X0 —
X1 auf der Obertlache des Priiflings (100), wobel die Verdnderung der Einschallposition erfasst wird, . Elektronisches Nachfiih -
ren des Einschallwinkels B3, dergestalt dass der ERS-Wert des Fehlers (102) an der veranderten Emschallposition X1 maximal 1st.
Weiterhin betrifft die Ertindung eine Vorrichtung, die zur Ausfiihrung des Verfahrens geeignet ist.
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Method For The Non-Destructive Testing Of A Test Object By Way Of

Ultrasound and Corresponding Device

The subject matter of the present invention is a method for nondestructive
testing of a test object by means of ultrasound, whereby within the context
of the method, an equivalent reflector size is determined for a flaw in the
volume of the test object by using ultrasonic echo signals that are recorded
within the context of the method. Further, the subject matter of the present
invention is a device that is suitable for carrying out the method according

to the invention.

Generic methods are well known in prior art. A flaw detected in the volume
of the test object by means of an pulse echo method based on insonifying
pulsed ultrasound into the test object, for example, a cavity, an inclusion or
also a crack, are characterized by specifying a value for its equivalent
reﬂectdr size ERS. The value of this equivalent reflector size is determined
by a comparison of the amplitudes of the echo signals that are caused by
the tested flaw in the volume of the test object, with the model of a
comparative flaw of known size. In the so-called reference body method,
the test operator compares the echo signals of the tested test object with
the echo signals which he obtains on a reference body that is equivalent to
the test object, which has one or more reference reflectors. For example,
for this purpose, cylindrical bores with known dimensions can be inserted
into the reference body. The echo signals occurring at the bore during an
ultrasound reflection are then compared with echo signals that are obtained
while testing the test object. In the reference body method, the test
operator therefore uses a suitable test probe, that can be, for example, a
suitable angle test probe, to take measurements both of the test object that

is to be tested, as well as of the prepared reference standard. '

In contrast, in the so-called DGS method, the amplitude of an echo signal

resulting from a flaw in the volume of the test object is compared with a
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theoretically calculated and/or empirically determined echo signal of a
model reference flaw, which is assumed to be a plane circular disk, as a
rule, and which is at the same depth in the test object as the flaw detected
during the test of the test object. For this purpose, a so-called DGS diagram
is prepared in advance for the test probe used in the test, which contains
the characteristics of the test probe. The curves contained in the DGS
diagram indicate the echo amplitude that would be produced by a reference
flaw in a measurement with the test probe that is used. In a practical
testing task, the test operator can then read the equivalent reflector size of
the flaw detected in the volume of the test object by carrying out a sound-
attenuation correction (material-specific sound attenuation) and transfer
correction (test object-specific coupling losses) for the test object directly
off the DGS diagram.

In a classic test method according to the DGS method, the test operator
varies the test probe position and orientation relative to the flaw found and
tries to thereby maximize the resulting echo signal. This process is also
described as "breeding" the ultrasound signal when testing materials by
means of ultrasound. The actual determination of the equivalent reflector

size of the detected flaw then takes place for the maximized ultrasound

echo.

Additional details of the DGS method result, for example, from patent
specification US 5,511,425 A, which goes back to the legal predecessor of
the applicant. Furthermore, the DGS method is described in detail in the
book "Material Testing with Ultrasound”, J. Krautkramer and H.
Krautkramer, 5th edition, Springer Verlag, ISBN 3-540-15754-9, chapter
19.1, pages 343 -349. The technical details concerning the DGS method
disclosed here are being added in their entirety to the content of the

disclosure of this application by way of this reference.

In its currently prevalent form, it is a disadvantage of the DGS method that,
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for a meaningful characterization of a flaw in the volume of a test object, a
test must be performed with a plurality of test probes. This is due to the
fact that, for a given flaw, a perpendicular insonification into the test object
does not necessarily supply a maximum echo amplitude. Rather, it depends
on the orientation of the flaw in the volume of the test object under which
insonification angle a maximum echo signal can be obtained. In order to
actually obtain a value for the equivalent reflector size of a detected flaw
that is reasonably correlated with the actual size of the flaw, therefore, as a
rule, different angle test probes are used within the context of standardized
test procedures based on the DGS method, which realize different
insonification angles. In practice, this method signifies a considerable
testing and documentation effort for the test operator, so that as a rule,
testing is only performed under a few insonification angles. Moreover, the
variation of the insonification angle requires a change of the test probe,
which causes additional problems because of the calibration, which is never
absolutely unequivocal, and the coupling properties of the test probes. This
also renders the interpretation of the ERS values found on a flaw more
difficult.

Therefore, it is the object of the present invention to propose a method for
nondestructive testing of a test object by means of ultrasound by means of

which the test operator can obtain test results in a simple manner, from
which a novel representation of a flaw found in the volume of the test
object. Further, a device is to be provided that is suitable for carrying out

the method according to the invention.

This object is accomplished by a method having the features of claim 1 and

a device having the features of claim 16.

A method according to the invention is provided for the nondestructive
testing of a test object by means of ultrasound. In particular, it is provided

for creating a novel graphic representation of a flaw found in the volume of



10

15

20

25

30

CA 02730305 2011-02-08
4

a test object. The method according to the invention comprises the
following process steps: '

a. Insonification of directed ultrasonic pulses into the test object at an
iInsonification angle B, wherein the insonification angle B is adjusted
electronically,

b. Recording of echo signals that result from the ultrasonic pulses
insonified into the test object,

c. Determining an insonification position X0 at which echo signals can
be recorded which can be allocated to a flaw (102) in the volume of
the test object,

d. Determining an insonification angle Bmax for which the ERS value of
the flaw becomes has its maximum at the position X0,

e. Changing the insonification position X0 -> X1 on the surface of the
test object, wherein the change of the insonification position is
detected, and

f. Electronic tracing of the insonification angle B, such that the ERS
value of the flaw (102) at the changed insonification position X1 has

ItS maximum.

The insonification angle can be traced electronically, for example, by
determining, based on the position X0 determined in partial step d and the
associated insonification angle Pmax and the detected change of the
insonification position from X0 to X1 on the surface of the test object and
the depth of the flaw in the test object, by means of simple geometric
considerations the angie B for which the ultrasonic pulses insonified into the
test object coincide at the same position at the depth of the flaw in the test
object. The depth of the flaw in the test object can in this case be
determined simply, for example, from the echo delay time and the

insonification angle .

In an alternative approach, the above-described active tracing of the

insonification angle B is dispensed with; rather, in the context of the
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method according to the invention, the insonification angle Bmax (X1) for
the changed insonification position X1 is determined again, when the
change of the insonification position on the surface of the test object, for

which the ERS value of the flaw has its maximum at the position X1.

In a preferred embodiment of the method according to the invention, a
graphic representation of the maximum ERS value of a flaw found in the
volume of the test object is generated within the context of the method as a
function of the insonification angle . Such a graphic representation can be
generated in a very simple manner by means of the above-described
method, because the angle Bmax (X) for which the ERS value has its
maximum is directly determined within the context of the method when the
insonification position X is changed. Consequently, for a direction of
movement of the ultrasonic transmitter on the surface of the test object,
the ERS value of the flaw is obtained for which the ERS value of the flaw
has its maximum at the given insonification position X, dependent on the
insonification position X or correlated directly therewith as a function of the
insonification angle Bmax (X). It is immediately clear that corresponding
graphic representations of the flaw can be produced fro different spatial
directions by the ultrasonic transmitter being guided in just that spatial
direction on the surface of the test object. It is thus possible to generate a

two-dimensional image of the flaw found in the volume of the test object.

It was found within the context of complex experiments that the ERS value

of a flaw often is strongly dependent upon the angle under which the flaw is
insonified. This angle is directly correlated with the insonification angle 3
under which angle the ultrasound insonified according to the method into
the test object is coupled into it. It has been proven thereby that the
observed angular dependence of the ERS value of a flaw allows conclusions
to be drawn about essential properties of a flaw, such as, for example, the
geometry thereof such as flat or voluminous, in particular the symmetry

thereof.
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In particular it has been found that a classification of a flaw found in the
volume of a test object can be made based on the angular dependence of
Its ERS signal. Accordingly, it is much easier for the tester if he has at his
disposal a graphic representation of a flaw that he has detected in the
volume of the test object, from which he can draw conclusions at least
qualitatively as to the dependence of the ERS value of the flaw on the

ensonification angle or insonification angle 8.

In an advantageous further development of the method according to the
iInvention, a B scan, C scan or sector scan of the test object is generated
within the context of the method. In the process, at least one ERS value of
a flaw found in the volume of the test object is depicted in the generated
scans. Preferably, this is the maximum ERS value of the flaw detected
during a variation of the insonification angle 8 while insonifying the flaw in a
predetermined spatial direction. Preferably, the insonification angle B at
which the ERS value of the detected flaw is at maximum is shown in the
generated scan, e.qg., ‘by representing the ERS value of the flaw as a bar
whose size is correlated to the ERS value of the flaw and whose orientation
IS perpendicular to the direction, at which the maximum ERS value of the

flaw is produced.

In a further preferred embodiment of the method according to the
Invention, the influence of the electronic adjustment of the insonification
angle B on the detected ERS value of the flaw is automatically compensated
(by calculation). This can be carried out particularly easily if a transmitting
test probe is used for insonification of the directed ultrasonic pulses whose
ultrasonic transmitter comprises a plurality of independently controllable
ultrasonic transducers. In order to electronically adjust the insonification
angle B, the plurality of ultrasonic transducers are then controlled
individually and phase-accurately in such a way that the emission angle a of

the ultrasound transmitter, and thus the insonification angle B, is varied.
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Preferably, a transmitting test probe is used for insonification of the
directed ultrasonic pulses into the test object, whose ultrasonic transmitter
comprises a plurality of independently controllable ultrasonic transducers.
For the adjustment of the insonifica'tion angle B, the plurality of ultrasonic
transducers is then controlled individually and phase-accurately in such a
way that the emission angle a of the ultrasound transmitter is varied. This

directly results in a variation of the insonification angle 3 in the test object.

Preferably, it is provided in the context of the method according to the
invention that, when the ERS value of the flaw detected in the volume of
the test object is calculated from the echo signals that can be allocated to
the flaw, the influence of the electronic adjustment of the emission angie q,
and thus of the insonification angle B, on the detected ERS value of the flaw
is automatically compensated by calculation. The angle of emission and
insonification angle B are to be considered equivalent within the context of
the present invention, since they are firmly linked to one another physically.
In particular this means that in the context of the method according to the
invention at least one, but preferably several, of the following corrections is
carried out automatically:

e Compensation of the change of the virtual ultrasonic transducer size
or the aperture associated therewith of the ultrasonic transducer
during the change of emission angle a or insonification angle 3,

e Compensation of the change of the position of the coupling-in point of
the ultrasound emitted by the ultrasonic transducer into the test
object during the change of emission angle a or insonification angle 03,
and

e Compensation of the change of position of the focus in the test object
during the change of emission angle a or insonification angle 8B,

e Compensation of the change of the sound path in the leading body

resulting from the change of emission angle a.
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The phased array test probes already mentioned have particular advantages
for the electronic adjustment of the insonification angle B. However, this
does not mean that other ultrasonic test probes with variable insonification
angle could not be used within the context of the method according to the
Invention, provided that that the insonification angle is electronically

adjustable and also quantifiable.

Within the context of the method according to the invention,
advantageously at least one DGS diagram is used to determine the ERS
value of a flaw in the volume of the test object from the echo signals
reflected by the flaw. In the process, this DGS diagram can be specific to
the source of the ultrasonic pulses, that is, in particular specific for the
transmitting test probe used. Furthermore, the DGS diagram can be specific
for the material of the test object. In a first embodiment, the DGS diagram
furthermore exhibits a dependence on the insonification angle B of the
ultrasound into the test object or an equivalent angle size. In an alternative
approach, the DGS diagram does not show any dependence on the
Insonification angle B, instead the influence of the insonification angle B on
the registered echo amplitude or the ERS value of the flaw is compensated

by calculation within the context of the method.

Furthermore, within the context of testing the test object preferably at least
one calibration step is carried out. In this step, the amplitude of an echo
caused by a reference flaw is detected. The reference flaw is preferably a
back face or a test bore of a test body, wherein in particular in the case of
the back face echo a separate test piece can also be dispensed with and the
calibration step can be carried out directly on the test object itself.
Preferably, the calibration step is carried out for a plurality of insonification

angles and/or reference flaws, but this is not mandatory.

The device suitable for carrying out the method according to the invention,

which will be described in more detail below, in this case preferably offers
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the possibility of carrying out standardized calibrations steps, in which, e.qg.,
a selection can also be made among a plurality of preadjusted standardized

test pieces.

In a preferred embodiment of the method, at least one of the following
characteristics of the flaw is shown in the graphic representation generated:
a) The insonification angle B at which the ERS value of the flaw is at
Mmaximum,
b)  Information on whether the ERS value of the flaw is substantially
constant over different insonification angles B, or whether it varies

at different insonification angiles.

In particular a detected flaw can be symbolized by a bar in the generated B-
scan, the extension of which along its longitudinal axis correlates with the
ERS value of the detected flaw. Advantageously, the same scales are used
in the process for the representation of the ERS value and for the X position
on the surface of the test object. In the context of the present invention,
any geometric figure is to be considered a bar which is a mirror-
symmetrical with respect to two axes that are orthogonal with respect to
each other, for example, a line, a rectangle, an ellipsis, etc. In connection
with the present invention, one of the two symmetry axes of the bar is in

this case referred to as its longitudinal axis.

In order to increase the interpretability of the B-scan generated within the
context of the method according to the invention, in particular to improve
the intuitive comprehensibility of the generated B-scan, it has proven to be
advantageous if at least one of the following further characteristics of the
detected flaw is shown in the generated B-scan in a suitable manner:

a) The relative amplitude of the flaw echo,

b) The insonification angle B at which the ERS value of the detected flaw

Is at maximum, e.g., by the flaw is shown as a bar, perpendicular to

the insonification direction at which the ERS value of the flaw is at
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maximum,
c) The relative flaw size,

d) Information on the sound path of the echo, e.g., the leg, from which

the flaw echo originates, and
S e) Information on whether the ERS value of the detected flaw is the

same or different over all of the checked insonification angles 3

within the range of predetermined flaw limits.

The specification of relative values can relate, e.g., to reference values

10 measured in connection with the testing of the test object.

One or more of the following display parameters can be advantageously
used in the B-scan for this purpose:
a) The color of the bar,
15 b) The dimension of the bar transverse to its longitudinal axis (bar width
B),
c) The angle of the longitudinal axis of the bar relative to the surface of
the test object, and
d) The geometric basic form of the bar.
20
Several representation options for different flaw characteristics are now

explained by way of example in more detail below.

Within the context of the present invention, relative amplitude of the flaw
25 echo is to be understood as the information on whether the ultrasonic echo
originating from the flaw in the volume of the test object, i.e. the amplitude
of the echo, exceeds a certain predetermined threshold. A threshold of this
type can relate, for example, to the measured flaw echo amplitude
compared to the amplitude of a reference flaw. In particular, a threshoid
30 can be given in "ERS millimeters," e.g., the ERS should be greater than or

equal to a registration limit of, for example, 2 millimeters or 5 millimeters.
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If within the context of the method according to the invention the
insonification angle B is varied and the insonification angle B determined at
which the ERS value of the flaw is at m'aximum, the tester can be given an
indication of the orientation of the flaw in the volume of the test object, by
the longitudinal axis of the bar representing the flaw in the B-scan is shown
tilted with respect to the surface of the test object. Advantageously, the bar
is shown in this case such that its longitudinal axis stands perpendicular on '
the acoustic axis of the ultrasound insonified at the angle a for which the

ERS value of the flaw is at maximum.

Another information that is relevant for the tester and the documentation is
whether the ERS value of the detected flaw is above or below a
predetermined registration limit. It is thus possible, for example, to
completely suppress flaw signals below a specific threshold in the generatea
B-scan. Alternatively, flaw signals of this type can also be color-coded or
shown as transparent bars in order to show the distance from the
registration limit (e.qg. in "ERS mm" or dB). In particular the last two
representation options provide the advantage that it can be indicated to the
tester that, although a flaw is present in the volume of the test object at the

tested location, it is so small in terms of its ERS value that it does not have

to be documented based on the applicable test specifications.

Furthermore, it can be of interest for the tester to know from which sound
path, that is, e.g., "leg" of the insonified ultrasonic beam, the flaw echo
results. This information is of interest in particular when a test is being
carried out on a test object with plane-parallel surfaces, since in this case
the situation often occurs that the flaw is not detected by the ultrasonic
beam until it has been reflected at least once on the back face of the test
object. This information can be determined from the propagation time of
the flaw echo and shown in the B-scan as a graphic representation for the

tester, for example, by color-coding the bar.
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Furthermore, the information is of interest to the tester on whether the
detected flaw in the volume of the test object rather extends in a flat
manner or is to be considered a three-dimensionally extended flaw. The
three-dimensionally extended flaws are generally voids or defects that are
due to manufacturing and often do not pose a risk of fatigue fractures. In
contrast, extended planar flaws are generally correlated with cracks in the
test object, which can be signs of fatigue and have a marked tendency to
spread, which can lead to fatigue fractures. A three-dimensionally extended
flaw in the volume of the test object is characterized in the context of the
method according to the invention in that the resulting ERS value of the
flaw is substantially independent of the insonification angle. In contrast,
two-dimensionally extended flaws show a marked dependence on the
insonification angle. Therefore, the information on whether it is a planar
extended flaw or a three-dimensional flaw can in this case be coded in the
bar shown. This can take place, for example, by adjustment of the length
and width of the bar shown or also by the selection of a geometric form that
represents the symmetry of the flaw. However, a color-coding can also be

used at this point advantageously.

Alternatively to the generation of a B-scan described in detail above, the
generation of a C-scan (X-axis: Position in the x direction on the surface of
the test object, Y-axis: Position in the Y direction on the surface of the test
object) or the generation of a sector scan (also S-scan, X-axis: distance
from the insonification location / depth in the test object, Y-axis: azimuth
angle: insonification angle) can be provided and can be advantageous in
special cases. All of the above statements on the representation of the

determined flaw characteristics in the B-scan can also be applied directly to

the furthermore provided C-scans and S-scans.

The method according to the invention permits carrying out the DGS
method prescribed in many test specifications with modern ultrasonic test

probes that permit an electronic adjustment of the insonification angle into
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the test object, for example, using the phased array technique.

A method according to the invention is provided for the nondestructive
testing of a test object by means of ultrasound. A device of this type
comprises a transmitting test probe with an ultrasonic transmitter, which is
configured to insonify directed ultrasonic pulses at an insonification angle (3
into the test object. Furthermore, the device comprises an ultrasonic
receiver, which is configured to record echo signals of the ultrasonic pulses
insonified into the test object. A control and evaluation unit furthermore
provided is configured to control the ultrasonic transmitter of the
transmitting test probe such that the ultrasonic transmitter is excited to
emit ultrasonic pulses. Furthermore, the control and evaluation unit is
configured to process the echo signals recorded by the ultrasonic receiver
and to determine an ERS value of the flaw from echo signals that can be

assigned to a flaw in the volume of the test object.

According to the invention the ultrasonic transmitter of the device now has
a plurality of ultrasonic transducers that can be controlled independently.
Furthermore, the control and evaluation unit is configured to control these
ultrasonic transducers individually exactly in phase such that the emission
angle a of the ultrasonic transmitter and thus the insonification angle 8 into
the test object can be adjusted electronically. Furthermore, the control and
evaluation unit is configured to determine the ERS value of a flaw in the
volume of the test object for a plurality of insonification angles from echo

signals that can be assigned to the flaw.

Finally, the control and evaluation unit is configured to determine an
insonification position X0 at which echo signals that can be assigned to a
flaw in the volume of the test object can be recorded, and to determine the
insonification angle Bmax for which the ERS value of the flaw has its
maximum at the position X0. It is furthermore configured, in the case of a

change of the insonification position X0 -> X1 on the surface of the test



10

15

20

25

30

CA 02730305 2011-02-08
14

object, to detect the change of the insonification position and the
electronically trace the insonification angle B such that the ERS value of the

flaw at the changed insonification position X1 has its maximum.

In a simplified embodiment of the method according to the invention, in the
case of a change of the insonification position X0 - X1 on the surface of the
test object, the change of the insonification position is detected and the
insonification angle B electronically traced such that the sound beam strikes
the flaw always at the same position. A maximization of the ERS value by

means of an additional angle variation is in that case dispensed with.

In preferred further developments, the control and evaluation unit is
designed to carry out the method according to the invention in its various

forms and developments.

In a particularly preferred embodiment, the control and evaluation unit is
configured in particular to generate a graphic representation of the flaw
mentioned above from which the dependence of the determined ERS value
of the flaw on the insonification angle B can be read off at least

qualitatively.

In particular the generated graphic representation can reflect the ERS value
of the flaw in direct dependence on the insonification angle B. From the
angular dependence of the ERS value of the flaw, the tester, as was already
discussed in detail above, can draw conclusions as to essential properties of
the flaw. In an alternative approach, the generated graphic representation
of the flaw is a B-scan, a C-scan or a sector scan of the test object, in which

the angle-dependent ERS value of the flaw is recorded in a suitable manner.

In a particularly preferred embodiment of the device according to the
invention, which is advantageous in particular in connection with the

generation of a B-scan, C-scan or sector scan of the test object, the device
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further comprises a path detection unit, which is configured to detect a
change in the position of the test probe on the surface of the test object.
Such a path detection unit can be realized, for example, by means of a
mechanical displacement sensor arranged on the test probe itself. However,
displacement sensors that work optically according to the principle of the
optical mouse can also be used. Finally, when a phased-array ultrasonic
transmitter is used, the changes of the ultrasonic signals that occur during a
position change of the test probe on the surface of the test object can also
be utilized for determining a position. Reference has already been made to
the corresponding passages in the literature. The use of a linear array, in
addition to the detection of a change in position of the test probe on the
surface of the test object in the direction of the longitudinal axis of the
array, permits carrying out an electronic scan in this direction, by different
subgroups of transducers being activated successively. The use of a two-
dimensional phased array permits in particular the detection of a position
change in two directions in space, and furthermore the detection of a

rotation of the test probe on the surface of the test object.

The possibilities of depicting essential flaw properties in the graphic
representations of the flaw generated have already been dealt with in detail
in connection with the method according to the invention. The device
according to the invention is preferably configured to generate the

representations of the flaw explained in connection with the method.

Finally, particular advantages result when the control and evaluation unit is
configured to automatically compensate for the influence of the electronic

adjustment of the insonification angle B on the ERS value of the flaw to be

determined in the calculation of the ERS value of the flaw.

As has already been explained in connection with the method according to
the invention, the ERS value of a flaw can be automatically determined, for

example, by comparison with a plurality of stored reference values, wherein
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these reference values can be, for example, one or more DGS diagrams. In
this context it is pointed out that, in order to determine an ERS value of a
detected flaw by means of the method according to the invention, a
reference echo, e.g., from a test object must be available, in addition to a

> DGS diagram, for each angle at which the flaw is ensonified.

In a particularly preferred embodiment, a plurality of reference values are
stored in the control and evaluation unit, for example, in the form of DGS
diagrams, which are correlated in groups with different insonification angles

10 B. In this case, these reference values can furthermore be test probe-
specific. In particular, this can therefore be a test probe-specific quantity of
DGS diagrams for various insonification angles B. Preferably, the test probe
s furthermore provided with an electronic identifier that makes it possible
for the control unit, when the test probe is connected, to recognize

15 automatically the test probe type or even the individual test probe and to

select the stored test probe-(type) specific reference values.

In all of the embodiments, however, the determination of an (insonification

angle-specific) ERS value for a detected flaw generally presupposes that a
20 referénce value is available, which, e.g., was detected on a test piece at the

respective angle or originates from an interpolation between different

measured angles.

Particular advantages result when the control and evaluation unit is
25  configured, in the calculation of the ERS value of the flaw, to automatically
compensate for the influence of the electronic adjustment of the

insonification angle B on the ERS value of the flaw to be determined.

Thus, in a particularly preferred embodiment of the device according to the
30 invention, the control and evaluation unit thereof is configured to
automatically calculate, from the angle of emission a of the ultrasonic

transmitter, the insonification angle B resulting in the test object, in order
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to automatically compensate for the influence of the electronic adjustment
of the insonification angle B on the ERS value of the flaw to be determined.
In particular, this compensation can be designed to be test probe-specific.
Furthermore, it will be practically configured to take into consideration the
ultrasound-specific properties of the material of the test object such as, for

example, the sonic speed.

A further improvement can be achieved when, for the automatic
compensation for the influence of the electronic adjustment of the
insonification angle B on the ERS value of the flaw to be determined, the
control and evaluation unit of the device according to the invention is
configured to automatically compensate for the variation of the virtual
ultrasonic transmitter size associated with the electronic variation of the
insonification angle B and thus the aperture of the test probe. The virtual
ultrasonic transmitter size results from a projection of the actual geometric
dimension of the ultrasonic transmitter onto one perpendicular to the
electronically adjusted emission direction of the ultrasonic transmitter. If
the ultrasonic transmitter emits at an emission angle a differing from 0°,
this results directly in a reduction of the virtual ultrasonic transmitter size.
Since the ultrasonic transmitter size may be included in the calculation of
the ERS value of a detected flaw, a corresponding automatic compensation

possibly has to take place in this case.

A further improvement results when the control and evaluation unit is
configured to automatically compensate for the influence of the
displacement of the coupling-in location X0, which is associated with an
adjustment of the emission angle a or of the insonification angle B, on the
ERS value of the flaw to be determined. The change of the sound path

length in the leading body during a change of the emission angle a can also

be compensated for automatically in this case.

Finally, an automatic compensation can also be provided for the position
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change of the focus in the test object, which results during a variation of
the emission angle a due to the change of the sound path length in the

leading body resulting therefrom.

In conclusion, it should be pointed out that the automatic compensation
according to the invention for the influence of the electronic adjustment of
the insonification angle B on the ERS of the flaw to be determined on the
basis of stored DGS diagrams can be carried out in two different ways. On
the one hand, the control and evaluation unit can be configured to
normalize the actual measured values (i.e., time-resolved echo signals)
taking into account the influence of the adjustment of the insonification
angle 3, i.e., for example, to convert to the results of a conventional test
probe with fixed insonification angle B. These are then compared to a

standardized DGS diagram.

On the other hand, the test probe-specific influences of the electronic angle
adjustment on the echo signals can already be taken into account during
the production of the DGS diagrams stored in the control and evaluation
unit; i.e., the compensation to be carried out is already taken into account
in the stored DGS diagrams. This implementation is also supposed to be
covered by the method according to the invention and the device according

to the invention.

Further advantages and features of the device according to the invention
and the method according to the invention result from the dependent claims
and the exemplary embodiments, which are explained in more detail below

with reference to the drawing.
In the drawings:

Fig. 1: shows schematic representation of a device according to the

Invention for the non-destructive testing of a test object,
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Fig. 2a-2c: shows an A-scan of the test object, recorded at different
iInsonification positions x as well as at different insonification
angles 3, as well as the progression of the maximum amplitude
Amax for a given insonification angle B as a function of the
depth d in the test object,

Fig. 3: shows a representation of the maximum echo amplitude Amax
as a function of the insonification angle B,

Fig. 4: shows an angle-resolved test probe-specific DGS diagram,

Fig. 5: shows a schematic representation of the beam geometry at the

testing head,

Fig. 6: shows an image representing a B-Scan of the test object, in
which a flaw is represented by an associated ERS value, and

Fig. 7: shows a representation according to Fig. 6 of the test object
with a plurality of flaws that have different reflection
properties.

Fig. 8: shows a schematic representation of a method for detecting
the angular dependence of the ERS value of a flaw in the
volume of the test object, and

Fig. 9a, 9b: show schematic representations of the angle-dependent ERS

value of two different flaws in the volume of the test object.

Fig. 1 shows an exemplary embodiment of a device 1 according to the
iInvention for the non-destructive testing of a test object 100 by means of
ultrasound. The device 1 comprises a transmitting test probe 10, which in
turn comprises a lead section 16 and an ultrasonic transmitter 12 disposed
thereon. The ultrasonic transmitter 12 is in this case arranged on the lead
section 16 such that when the ultrasonic transmitter 12 is excited to emit
ultrasonic pulses, these are substantially coupled into the lead section 16.
The lead section 16 can in this case be formed, for example, by a body of
Plexiglass®, as is known in principle from the prior art. Preferably, the
elements of the transmitting test probe 10 are combined in a single

housing, which is not shown in the figure for reasons of clarity. The
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transmitting test probe 10 shown is an angle probe, which is provided to
couple into the test object 100 the ultrasonic pulses emitted by the
ultrasonic transmitter 12 at .an angle of incidence B, which is measured
against the surface normal of the incident surface of the test object 100.
The use of angle probes is optional and not mandatory; depending on the

case of application, test probes for a perpendicular insonification (i.e., B =

0°) can also be used.

The ultrasonic transmitter 12 used in the transmitting test probe 10 is an
ultrasonic transmitter of the phased array type, i.e., the ultrasonic
transmitter 12 comprises a plurality of ultrasonic transducers 14, which
form at least one linear arrangement and can be controlled individually. The
longitudinal axis of the at least one linear array of the ultrasonic
transducers 14 is in this case oriented in the direction marked X. By means
of a specific adjustment of the phase position between the individual
ultrasonic transducers 14, it is possible to dynamically influence the

emission angle q, i.e. the beam direction, within wide limits.

In the exemplary embodiment shown, the transmitting test probe 10
comprises a mechanical displacement sensor 18, which mechanically scans
the movement of the transmitting test probe 10 on the surface of the test
object 100 and provides corresponding position information, e.g., to a
control unit 50 connected to the transmitting test probe 10. Alternatively,
the displacement sensor 18 can also operate in a contactiess manner, e.g.,
according to the principle of the optical mouse. The displacement sensor 13
is - regardless of its construction - preferably able to detect the movement
of the transmitting test probe 10 in two directions independent of one
another on the surface of the test object 100. Particular advantages result
when rotary movements of the transmitting test probe 10 on the surface of
the test object can also be detected. Based on the technology that is
disclosed in the patent specification US 7,324,910 B2, as well as the further

development thereof which is disclosed in German patent application 10
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2007 028 876.1 dated June 26, 2007, a separately designed displacement

sensor can be omitted completely, since the entire position information can

be obtained from the signals of the ultrasonic transmitter 12 itself.

Connected to the transmitting test probe 10 is a control unit 50, which is
configured to control the ultrasonic transducers 14 disposed in the
ultrasonic transmitter 12 of the transmitting test probe 10 individually in a
phase-accurate manner. Furthermore, the control unit 50 is configured to
be connected to an ultrasonic receiver 40 in order to receive echo signals
reflected back from a test object 10, which echo signals result from the
ultrasonic pulses insonified from the ultrasonic transmitter 12. In the
exemplary embodiment shown here, the ultrasonic transmitter 12 disposed
in the transmitting test probe 10 also serves as an ultrasonic receiver 40.
To this end, the separately formed and individually controliable ultrasonic
transducers 14 contained in the ultrasonic transmitter 12 are electrically
ihterconnected after the emission of a transmitted pulse to form a large-
area ultrasonic transmitter 12, which then acts as the ultrasonic receiver
40. However, of course it is also possible to use a separately formed
ultrasonic receiver 40, which can be arranged, e.g., in a separately formed
receiving test probe. Such a separate receiving test probe would likewise
comprise a lead section in the present exemplary embodiment,

corresponding to the lead section 16 of the transmitting test probe 10.

For the non-destructive testing of a test object 100 for, for example, flaws
102 concealed in the volume of the test object 100, the transmitting test
probe 10 is connected to the control unit 50 and placed on the surface of
the test object 100. The acoustic coupling of the transmitting test probe 10
to the test object 100 is carried out as a rule usi{ng a suitable coupling

means, which can be, for example, water, oil or also a water-based gel.

The test object 100 is preferably a mechanical workpiece or tool: however,
it can also be a biological sample.
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Now the tester moves the transmitting test probe 10 back and forth along
the direction marked by X in Fig. 1 on the surface of the test object 100. At
the same time he observes the display on a display device 52 associated
with the control unit 50, which display device in the exemplary embodiment
shown is integrated as a display into the control unit 50. An A-image is
shown on the display device 52 in the exemplary embodiment shown, in
which the amplitude of the ultrasonic pulses reflected back is shown for the
given insonification location X as a function of the time. If the sound beam
emitted by the transmitting test probe 10 strikes a flaw 102 in the volume
of the test object 100, i.e., an ultrasound-reflecting structure such as a
defect, a void or a crack, part of the inscnified sound beam is reflected back
and on the same route returns to the ultrasonic transmitter 12 of the
transmitting test probe. As mentioned, this also acts at the same time as
the ultrasonic receiver 40 which converts the sound signal reflected back
into an electric signal, which is then outputted, optionally amplified in a
suitable manner, to the control unit 50. In the control unit 50 the echo
signal received, which is generally provided as an electrical signal, but
which can also, if necessary, be transmitted by the transmitting test probe
10 in the form of an optical signal, is processed in a suitable manner; this
can be carried out, for example, by highly time-resolved AD-conversion and
signal processing. Subsequently, the signal is shown on the display device
52 in the form of the A-scan described above. If the insonified ultrasonic
beam strikes a flaw 102, this results in echo signals that are directly visible
in the A-scan. The approach described above is in this case advantageously

carried out with a fixed insonification angle B.

When the tester has discovered a flaw 102 with the procedure described
above, he tries by variation of the X-position of the transmitting test probe
10 on the surface of the test object 100 to maximize the amplitude of the
resulting flaw signal, i.e., to grow the signal. This growing of the signal is

also carried out for a fixed insonification angle B1. The A-scans resulting
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with the growing of the echo signal at various insonification locations X1, X2

and X3 are shown in Fig. 2a. It becomes clear that due to the change of the

propagation path in the test object 100 the echo signal occurs at different
times, but also varies in its maximum amplitude. This is due to the fact
that, during the displacement of the transmitting test probe 10 on the
surface of the test object 100, the center of the sonic cone in which the
highest sonic pressure prevails is pushed over the flaw 102. As a rule, the
maximum amplitude in the echo signal results when the sound beam strikes
the flaw 102 centrally. If the envelope curve of all echo signals is
determined for a fixed insonification angle B1 with a variation of the
insonification location X, a representation of the echo amplitude is obtained
as a function of the propagation time or the depth of the flaw 102 in the
test object 100, as is illustrated in the right-hand diagram of Fig. 2a. From
this diagram the maximum echo amplitude Amax (B1) can be determined,

which is the result for the selected insonification angle B 1.

Thereafter the tester can vary the insonification angle B, so that he once
again carries out the same investigation for a changed insonification angle
B2. Alternatively, an automatic angle adjustment is also possible within the
context of a (partially) automated test method. This also results in a
diagram for the progression of the amplitude as a function of the time or of
the depth of the flaw 102 in the test object 100. A diagram of this type is
shown on the right in Fig. 2b. The maximum echo amplitude resulting in
this case with the insonification angle B2 does not necessarily have to
correspond to the echo amplitude with the insonification angle B1 selected
first, as a rule there in this case will actually be a deviation, unless it is a

regularly shaped flaw.

If the different propagation times that are the result of the different
insonification angles B1 and B2 are compensated for, the peaks in the
above-mentioned representation of the envelope curve Amax (B) lie

substantially at the same point DO. However, if a propagation time
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compensation of this type is omitted, the peaks come to rest at different

points.

The result of the same method for an insonification angle B3 changed once

> again is shown by way of example in Figure 2c.

In the approach described above, the insonification angle B is electronically
tuned utilizing the advantageous transmission properties of an ultrasonic
transmitter 12 of the phased array type.

10
In an alternative embodiment, the control unit 50 is configured to
automatically optimize a possibly resulting echo signal for a given

insonification location X by variation of the insonification angle B.

15  If the maximum amplitudes Amax resulting for different insonification
angles B are plotted over the corresponding insonification angle B, a
diagram is obtained such as can be seen from Fig. 3. Now, the insonification
angle 3 for which the examined flaw 102 shows the maximum echo
amplitude Amax can be determined from this diagram or the underlying

20 echo data. The angular dependence of the ultrasonic reflectivity of the flaw
102 can also be illustrated and analyzed from this in a simple manner.
Possible interpretations of the behavior achieved with regard to the type of

flaw 102 have already been described above.

25 In the preparation for the practical testing of the test object explained
above, so-called DGS diagrams are determined, as is known from the prior
art for test probes with fixed insonification angle B. A DGS diagram in this
case shows the echo amplitude of circular disk reflectors of different
diameters and also of an extended flat reflector (back face echo) as a

30 function of the distance, i.e. as a function of the depth d in the test object.
In contrast to the DGS diagrams and devices for ultrasonic measurement

previously known from the prior art, in which test probe-specific DGS
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diagrams are stored, for example, in digital form, the DGS diagrams are,
within the context of the present invention, additionally recorded or
generated in an angle-resolved manner and optionally stored in the control
unit 50. Fig. 4 shows by way of example such a DGS diagram for a
predetermined diameter of a circular disk reflector as a function of the

distance d and as a function of the angle B.

To determine the ERS value of a flaw by means of a phased array test
probe which permits an electronic variation of the insonification angle B into
the test object 100, an adjustment of the general DGS diagram known from
the prior art (cf. US 5,511,425 A), which is based on theoretical
considerations, can be necessary for various reasons. On the one hand, a
calibration of the generally test probe-specific DGS diagram is necessary in
order to take into account the ultrasonic properties of the material of the
test object and to compensate for test probe-specific effects such as the
aging of the ultrasonic transducer or a changed coupling of the transmitting
test probe to the test object. To this end, before an actual test of a test
object 100 is carried out, most test specifications conducting require a
calibration step in order to calibrate the general DGS diagram, which can be

already stored in the device 1.

Furthermore, it must be taken into account, in the case of an electronic
variation of the insonification angle B by means of a phased array test
probe, that the ultrasonic properties of the test probe themselves change
directly because of the change of angle. For this reason, the general DGS
diagram, which was determined for a specific insonification angle, must be
converted for other (electronically adjusted) insonification angles B. In
particular, it is possible to carry out this conversion in the device itself, so
that a storage of a plurality of test probe-specific DGS diagrams for
different insonification angles B is not necessary. In an alternative
approach, it is of course also possible to store a plurality of, e.g., test

probe-specific ones in the device 1 which relate to a plurality of
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insonification angles B. In this case the DGS diagrams can also be

determined empirically or calculated theoretically.

As has already been explained above, the insonification angle B can be
electronically tuned if a device according to the invention is used. As can be
seen from Fig. 5, for example, in the case of an angle probe with a lead
section, both the coupling-in point of the sound beam in the test object
changes by AX, and the diameter of the sound beam changes with its
transfer from the lead section into the test object when the insonification
angle B is tuned electronically. This can also be interpreted as a virtual
change of the dimensions of the ultrasonic transmitter 12 (D —> D'), which
likewise has to be taken into consideration in the recording of the DGS
diagrams mentioned above. By means of simple geometric considerations
and the law of acoustic refraction, it is possible to easily calculate the
influence of the electronic change of the insonification angle B on the
change of the coupling-in point and the size of the virtual ultrasonic
transmitter (12).

In order now to determine an equivalent reflector size ERS for the flaw
detected in the volume of the test object, the tester - as in the case of the
devices already known from the prior art with test probes with fixed
insonification angle B - has the DGS curve represented on the display device
52 of the control unit 50 that corresponds to the electronically adjusted
insonification angle B at which the maximum echo signal Amax resulted.
The DGS curve was in this case calibrated, prior to the actual measurement,
on reference flaws which can be inserted in test objects, for example. The
"calibration” is a calibration of the sensitivity of the test probe used. As a
rule, the reference echo needed for this purpose is obtained from back face
echoes on the standardized so-called "K1" or "K2" test pieces (depending on
the frequency of the test probe used). Since in these cases, these are not
flat back faces, a circular arc correction (generally specified by the

manufacturer of the test probe) must also be carried out. Reference
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reflectors from the component, however, are rather rare.

The DGS curve displayed on the screen corresponds to a predetermined
equivalent reflector size, which generally corresponds to the registration
imit specified by the test specification. If a flaw is found, the echo of which
exceeds the DGS curve shown on the screen, then, for example, the
resulting equivalent reflector size ERS is indicated automatically by the
control unit 50 (either in dB over the registration limit or directly in
millimeters). In the DGS curve, plotting the propagation time of the pulse
up to the detected flaw, the tester can therefore directly read off the

equivalent reflector size ERS of the flaw.

In a largely automated test routine, the tester scans the surface of the test
object 100 in the manner described above until he detects echo signals
which in his opinion originate from a flaw 102 in the volume of the test
object 100. If necessary, he manually carries out a certain optimization of
the flaw signal in this case before he resets the control and evaluation unit
50 of the device 1 according to the invention to an automatic measurement
mode. In this the control unit 50 controls the ultrasonic transmitter 12 such
that the coupling-in point of the sound beam in the test object is displaced
iIn the X direction on the surface of the test object 100. At the same time,

the control unit 50 records the amplitude of the resulting flaw echo as a
function of the coupling-in point and determines the maximum echo

amplitude. The insonification angle B is kept constant in the process.

In a subsequent process step, the control unit 50 varies the insonification
angle so that the flaw 102 to be measured in the volume of the test objéct
100 is insonified at a different angle B2. In this case, the control unit 50
also varies the coupling-in point of the emitted sound beam into the test
object through suitable control of the ultrasonic transmitter 12, with the
resulting echo amplitude being recorded at the same time. The maximum

echo amplitude Amax (82) at the adjusted insonification angle B2 is
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determined also in this case, i.e., the tester "grows" the echo signal.

By comparison with one or more test probe-specific and angle-specific DGS
diagrams, the control unit 50 of the device according to the invention then
> automatically determines the ERS value of the measured flaw 102. To this

end, the control unit 50 automatically compensates for the influence of the
electronic variation of the emission angle a of the ultrasonic transmitter 12
on the coupling-in point of the ultrasonic beam into the test object and thus
on the propagation time of the ultrasonic pulses from the ultrasonic

10 transmitter 12 up to the flaw 102. Furthermore, the control unit 50 likewise
automatically compensates for the influence of the electronic variation of
the emission angle a of the ultrasonic transmitter 12 on the virtual
transmitter size, as has been described above. The control unit 50 also
automatically compensates for the change of position of the focus in the

15  test object and for the changed propagation time in the leading body due to
the changed sound path in the leading body. Finally, the control unit 50
automatically converts from the emission angle a to the insonification angle
3, wherein optionally the material properties of the test object are taken

~ into consideration.

20
As a result, an ERS value of the flaw 102 detected in the volume of the test
object 100 as well as the insonification angle B at which the maximum flaw
signal Amax results are obtained from the test method carried out manually

as well as from the test method carried out automatically. These data can
25 then be recorded.

If additional position information on the test probe is available, the test
result can furthermore be illustrated in an easily accessible way in a B-scan,
as is shown by way of example in Fig. 6, or also in a C-scan or S-scan.

30 Thus a bar of the length L can be shown in the B-scan, the X-position of
which on the surface of the test object corresponds to the position X0 at

which the flaw is located by calculation. In the Y direction the bar is
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arranged at the depth DO, which corresponds to the calculated depth of the
flaw in the volume of the test object 100. Furthermore, the length L of the
bar that represents the measured flaw 102 is directly linked to the
equivalent reflector size ERS of the flaw determined in the context of the
test method according to the invention. Advantageously, the orientation of
the bar is furthermore directly correlated with the insonification angle B at
which the maximum echo signal Amax results. To this end, the longitudinal
axis of the bar can be displayed tilted with respect to the X-axis such that
the bar is oriented perpendicular to the sound propagation direction that
corresponds to that insonification angle B at which the maximum echo
signal results. The orientation of the bar in the B-scan shown in Fig. 6
provides the tester directly with information on the orientation of the
measured flaw in the test object, which can also be recorded and stored.
The B-scan shown schematically in Fig. 6 is in this case preferably also
displayed to the tester on the display device 52, which is connected to the
control device 50. Preferably, the control device 50 is configured to transmit

the stored data to a PC where they can be subjected to a further evaluation.

Fig. 7 finally shows another B-scan of a test object 100, from which three
flaws 102 in the volume of the test object 100 can be seen. The flaws in this
case lie at positions X1, X2 and X3. The flaws 102 detected at positions X1
and X3 in this case show a marked dependence of the echo signhals on the
insonification angle, i.e., the variation of the maximum flaw echo amplitude
Amax resulting during a change of the insonification angle B exceeds a
certain threshold value. It can be concluded from this that this is a flaw 102
of a more planar extension; accordingly, these flaws are shown in the B-

scan of Fig. 7 as essentially one-dimensional symbols.

The flaw 102 detected at position X2, however, shows an echo amplitude
essentially independent from the insonification angle B, i.e., the resulting
variation of the echo amplitude remains below a predetermined threshold. A

rather uniform three-dimensional extension of the flaw 102 can be
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concluded from this, which is shown in the B-scan of Fig. 7 by a two-
dimensional flaw symbol (e.g., a circular disk as shown), the diameter of

which is correlated with the equivalent reflector size ERS of this flaw.

A new method, which likewise is implemented in the device 1 according to
the invention, is now illustrated on the basis of Fig. 8 a. In a first process
step, the transmitting test probe 10 is controlled by the device 1 such that
it insonifies ultrasonic pulses at a fixed angle of incidence B into the test
object 100. When the tester has found a flaw 102 in the volume of the test
object 100, he grows the flaw signal until the signal amplitude is at
maximum. In a next step, he activates a "scan" function, in which the test
probe 10 is controlled by the device 1 such that the insonification angle {3
into the test object 100 is electronically varied within a predetermined
interval. The device 100 is furthermore configured to then determine from
the flaw echoes received at the different insonification angles B the
maximum flaw echo and the associated insonification angle B Max. If the
position of the transmitting test probe 10 is changed on the surface of the
test object 100, a changed insonification angle B results at which the flaw
echo is maximal, since a maximum flaw echo is generally obtained when
the flaw is acquired centrally by the ultrasonic beam. If, as described above,
an electronic angle-scan is carried out, the device 1 can detect fully
automatically the changed insonification angle B for which the flaw echo is
at maximum. Via a variation of the position of the transmitting test probe
10 on the surface of the test object 100, the maximum flaw echo for
different insonification angles 8 can be determined automatically by means
of the method described above. In the process, the position of the
transmitting test probe 10 on the surface of the test object 100 can on the
one hand take place through a mechanical movement of the transmitting
test probe 10, but it can also be varied virtually by carrying out a linear
scan within the plurality of individual ultrasonic transducers 14 in the

ultrasonic transmitter 12 (so-called "electronic linear scan").
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If at least one DGS diagram, e.qg., according to Fig. 4, is stored in the
device, which, for example, can have been theoretically calculated or
determined by means of practical measurements, then, from the maximum
flaw echo amplitude determined for a certain insonification angle B, the ERS
value of the flaw for this angle detected can be determined from the
diagram. As the case may be, it can be necessary to calibrate the DGS
diagram(s) stored in the device in a test probe-specific or material-specific
manner based on a reference echo obtained on a test body, which reference
echo optionally is recorded at different insonification angles, before the
actual testing of the test object 100 is carried out. The DGS method thus
permits in particular the automatic compensation for the sound paths

resulting for the different insonification angles in the test object.

Alternatively, in the determination of the angle-dependent ERS-value of a
flaw 102 in the volume of the test object 100, the device 1 can also utilize
the position information that is supplied by the path detection unit 18. As
described above, in a first step, for a fixed insonification angle B, the
position of the transmitting test probe 10 on the surface of the test object

100 is sought for which the amplitude of the flaw echo is at maximum.

Subsequently a "trace" function on the device 1 is activated by the tester.
When this is activated, the device 1 is configured to adjust, when the
position of the transmitting test probe 10 changes, by means of suitable
geometric calculations the insonification angle  on the transmitting test
probe 10 at which the flaw 102 in the test object is centrally acquired by
the ultrasonic beam even with the changed transmitting test probe position.
In the case of a displacement of the transmitting test probe 10 on the
surface of the test object 100, the detected flaw 102 is then acquired
centrally by means of the above-mentioned trace function at any time by
the ultrasonic beam, so that the resulting flaw echo can be considered the
maximum flaw echo for the set insonification angle B. The maximum flaw

echo can thus be recorded as a function of the insonification angle B directly
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by variation of the position of the transmitting test probe 10 on the surface
of the test object 100 and the angle-dependent ERS value of the flaw 102

can be determined therefrom as a function of the angle B.

Figs. 9a and 9b finally show by way of example the angle-dependent
progression of the ERS value of two different flaws 102 in the volume of the
test object 100. Fig. 9a in this case shows a flaw 102, the ERS value of
which varies only slightly with the insonification angle P. This is therefore
evidently a flaw 102, the ultrasonic reflection of which practically does not
depend on the angle at which the flaw is struck by the ultrasonic beam.
Consequently, it is to be assumed that the flaw is largely isotropic, at least
with respect to that direction in space in which the position of the
transmitting test probe 10 was varied during the above-mentioned

examination.

Fig. 9b, however, shows a flaw whose ERS value depends very much on the
insonification angle B. That means the ultrasonic reflectivity of the flaw 102
depends greatly on the angle at which the flaw 102 is detected by the
ultrasonic beam. At least with respect to the direction in space in which the
transmitting test probe was moved to detect the angular dependence of the
ERS value, the flaw 102 to be classified is to be considered very anisotropic.
It can thus be a crack, for example, which in all probability must be
registered and therefore should be graphically marked in a suitable manner,
for example, in a B-scan, C-scan or sector scan generated by the device 1,

as has already been explained above.
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Method for the non-destructive testing of a test object (100) by

means of ultrasound, comprising the following process steps:

a. insonification of directed ultrasonic pulses into the test object
(100) at an insonification angle B, wherein the insonification angle
B is adjusted electronically,

b. recording of echo signals that result from the ultrasonic pulses
insonified into the test object (100),

c. determining an insonification position X0 at which echo signals
can be recorded which can be allocated to a flaw (102) in the

volume of the test object,

d. determining an insonification angle Bmax for which the ERS value

2.

of the flaw (102) has its maximum at the position X0,
e. changing the insonification position X0 -> X1 on the surface of the

test object (100), wherein the change of the insonification position

IS detected,
f. electronic tracing of the insonification angle B, such that the ERS

value of the flaw (102) at the changed insonification position X1

has its maximum.

Method according to claim 1, characterized in that a graphic

representation of the maximum ERS value is generated as a function

of the insonification angle B.

Method according to claim 1, characterized in that a B-scan, a C-scan
or a sector scan of the test object (100) is generated, wherein at
least one ERS value of a flaw (102) found in the test object (100)

volume is depicted.

Method according to claim 3, characterized in that the dependence of
the ERS value of the flaw (102) found in the volume of the test object
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on the insonification angle B is depicted.

. Method according to claim 1, characterized in that the influence of

the electronic adjustment of the insonification angle B on the ERS
value of the flaw (102) to be determined is automatically

compensated.

. Method according to claim 1, characterized in that

a. for insonification of directed ultrasonic pulses, a transmitting test
probe (10) is used whose ultrasonic transmitter (12) comprises a
plurality of independently controllable ultrasonic transducers (14),
and .

b. for the electronic adjustment of the insonification angle B, the
plurality of ultrasonic transducers (14) is controlled individually
and phase-accurately in such a way that the emission angle a of

the ultrasound transmitter (12) is varied.

. Method according to claim 1, characterized in that at least one DGS

diagram is used to determine the ERS value of the flaw from the echo

sighals.

. Method according to claim 7, characterized in that the DGS diagram

IS specific to the source of the ultrasonic pulses.

. Method according to claim 7, characterized in that the DGS diagram

has a dependence on the insonification angle B.

10.Method according to claim 7, characterized in that the DGS diagram

Is independent of the insonification angle B and the influence of the

iInsonification angle B on the registered echo amplitude is

compensated by calculation.
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11.Meth0d according to claim 1, characterized in that, within the context
of the testing of the test object (100), a calibration step is carried out

at least once in which the amplitude of an echo caused by a reference

10

15

20

25

30

flaw is detected.

12.Method according to claim 11, characterized in that the reference

flaw is a back face or a test bore of a test piece.

13.Method according to claim 11, characterized in that the calibration

step is carried out for a plurality of insonification angles .

14.Method according to claim 4, characterized in that at least one of the
following characteristics of the flaw (102) is shown in the graphic
representation of the flaw (102) produced:
a. insonification angle B at which the ERS value of the flaw (102) is
at maximum,
b. information on whether the ERS value of the flaw (102) is

substantially constant over different insonification angles B.

15.Method according to claim 14, characterized in that

a. the flaw (102) is shown as a bar in the representation produced,

and

b. at least one of the following display parameters is used for coding
the flaw characteristics to be shown:

. color,

ii. angle of the longitudinal axis of the bar relative to the
surface of the test object (100),

jii. geometric basic form of the bar.

16.Device (1) for the non-destructive testing of a test object (100) by
means of ultrasound, comprising

a. a transmitting test probe (10) with an ultrasonic transmitter (12),
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which is configured to insonify directed ultrasonic pulses at an

insonification angle B into the test object (100),

b. an ultrasonic receiver (40), which is configured to record echo
signals of the ultrasonic pulses insonified into the test object
(100),

C. a control and evaluation unit (50), which is configured
. to control the ultrasonic transmitter (12) of the transmitting

test probe (10) such that the ultrasonic transmitter (12) is
excited to emit ultrasonic pulses,

. to process the echo signals recorded by the ultrasonic
receiver (40), and

. to determine an ERS value of the flaw (102) from echo
signals that can be assigned to a flaw (102) in the volume
of the test object (100),

characterized in that

d. the ultrasonic transmitter (12) has a plurality of ultrasonic
transducers (14) that can be controlled independently, and

e. the control and evaluation unit (50) is configured:

. to control this plurality of ultrasonic transducers (14)
individually exactly in phase such that the emission angle a
of the ultrasonic transmitter (12) and thus, the
insonification angle B into the test object (100), can be

adjusted electronically,

i to determine an insonification position X0 at which echo
sighals can be recorded which can be allocated to a flaw
(102) in the volume of the test object,

i, to determine an insonification angle Bmax for which the
ERS value of the flaw (102) has its maximum at the
position X0,

V. in the case of a change of the insonification position X0 ->
X1 on the surface of the test object (100),

1. to detect the change of the insonification position, and
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2. to electronically trace the insonification angle B such that
the ERS value of the flaw (102) at the changed

insonification position X1 has its maximum.

17.Device (1) according to claim 16, characterized in that the device is
furthermore configured to generate a graphic representation of the

maximum ERS value as a function of the insonification angle B.

18.Device (1) according to claim 16, characterized in that the device is
further configured to generate a B-scan, a C-scan or a sector scan of
the test object (100), wherein at least one ERS value of a flaw (102)
found in the test object (100) volume is depicted.

19.Device (1) according to claim 18, characterized in that the device is
further configured to depict the dependence of the ERS value of the
flaw (102) found in the volume of the test object on the insonification

angle B.

20.Device (1) according to claim 16, characterized in that the device is
further configured to automatically compensate for the influence of
the electronic adjustment of the insonification angle B on the ERS

value of the flaw (102) to be determined.

21.Device (1) according to claim 16, characterized in that the generated
graphic representation of the flaw is a B-scan, a C-scan or a sector

SCdnn.

22.Device (1) according to claim 16, characterized in that the control
and evaluation unit (50) is configured to automatically compensate,
during the calculation of the ERS value of the flaw (102), for the
Influence of the electronic adjustment of the insonification angle B on
the ERS value of the flaw (102) to be determined.
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23.Device (1) according to claim 16, characterized in that the device

further comprises a path detection unit (18), which is configured to

detect a change in the position of the test probe (10) on the surface
of the test object (100).

24 .Device (1) according to claim 18, characterized in that a detected

flaw (102) is symbolized by a bar in the generated B-scan, the

extension of which along its longitudinal axis correlates with the ERS
value of the detected flaw (102).

25.Device (1) according to claim 18, characterized in that at least one of

the following further characteristics of a flaw (102) is depicted in the

generated scan:

a.
D.

relative amplitude of the flaw echo,
insonification angle B at which the ERS value of the flaw (102) is
at maximum,

relative flaw size,

. leg from which the flaw echo originates, and

. information on whether the ERS value of the flaw (102) is

substantially constant over different insonification angles B.

26.Device (1) according to claim 25, characterized in that at least one of

the following display parameters is used for coding the further flaw

a.
b.

C.

#300836

characteristics to be shown:

color,

dimension of the bar transverse to its longitudinal axis,

angle of the longitudinal axis of the bar relative to the surface of
the test object,

. geometric basic form of the bar.
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