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SUMMARY: A theoretical assessment fcr the orientation dependence of an ultra-
sonic defect indication is described. Although other characteristics
specific to the examination object, e. g. the sensitivity variations due
to different surfaces or materir.le, too, have to be considered, the
quantitative estimation of the crack deteetability and the reliability
of the examination methods for thick walled nuclear components can be
estimated by means of the relations described in this contribution.

RESUME:On présente une description théorique de l'influence de l'orientation
sur l'indication ultrasonore d'un défaut. Bienque d'autre influences
spécifiques de l'objet à examiner, par example des fluctuations de la
sensibilité provoquées par des différentes surfaces ou attenuations sont
aussi en question, la dêtectabilité des fissures et la fiabilité d'une
méthode d'inspection ultrasonore pour des components lourdes nucléaires
peuvent être juger à partir des relations décrites dans cette con-
tribution.
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I. INTRODUCTION

When compared with radiography, the ultrasonic pulse echo
technique is often said to offer the advantage that sound waves are re-
flected from any inhomogeneous area - above all even by very narrow
cracks. Particularly in the case of crack surfaces, however, reflection
cannot always be considered an advantage. Just as with radiography, the
identification of cracks by ultrasonic examination, too, depends on the
angle between the incident ultrasonic beam and the crack orientation.
The dependence of the maximum echo height on the defect orientation has
to be investigated for estimating the probability of detecting crack-
type defects in work pieces.

Some data on the quantitative estimation of the dependence of
the echo amplitude on the defect orientation in the case of plane re-
flectors cah be found In [1, 2, 3, 4].

The present contribution is to summarize factors that may in-
fluence the echo amplitude dependence on the defect orientation and to
indicate attempts towards a consideration allowing a more realistic
estimation of it,

II. FACTORS INFLUENCING THE DEPENDENCE ON THE ORIENTATION

The maximum echo amplitude by which an oblique plane reflector
is identified by the scanning motion during an ultrasonic examination
depends on the following factors:

a) Orientation of the reflector's surface referred to the ultrasonic
beam axis
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b) Reflector's size
c) Wave length
d) Sound or sensitivity field of the search unit or inspection system

used
e) Scanning motion
f) Pulse shape
g) Reflector roughness of the surface

The parameter factors indicated under items a) to c) were
already dealt with in [1, 2 and 5]. It was shown that large defects
having oblique positions may well produce smaller echo amplitudes than
small defects.

The surface roughness (item g) causes a perceivably higher-
diffusivity of the reflected sound field only with a erest-to-valley
value of R > \/2 and should therefore be neglected in the cases in-
teresting ain this connection (x i 0.8 mm, roughness cf the crack
faces < 0.3 mm) for the purpose of a conservative consideration.

The dependence of the echo amplitude on the torientation as in-
dicated in [1, 2 and 3] was not determined in consideration of a search
unit notion relative to the reflector. In fact, two cases which are
compared in figure 1, have to be distinguished.

In the case with constant distance between reflector and search
un:t, a dependence on the orientation as shown at the bottom of
figure 1 results (static case). The reflector is turned around its axis
with the distance to the search unit remaining unchanged. The situation
is changed if the search unit is moving as also shown in figure 1
(dynamic case). The interaction between the divergence ->f the search
unit sound field and the sound field reflected by the defect results in
a position for the maximum echo indication which depends on the re-
flector orientation. As a consequence, the reflector is detected with a
larger echo amplitude than in the static ease. The dependence on the
orientation decreases as the divergence of the used search unit in-
creases.

The influence of the pulse shape, too, is shown in figure 1.
Without consideration of the realistic pulse shape, i. e. when
assuming a harmonic signal, the dashed curve with distinct gaps for the
detectability of the respective reflectors would result in the case of
the static orientation dependence. When considering the real pulse
shapes and their spectra, the orientation dependence schematically
entered in figure 1 results. The degree of coherence of the pulses is
limited. As a consequence, the detectability of oblique reflectors in
the gaps is somewhat better than with harmonic signals. In the follow-
ing diagrams for the oblique-position dependence, a standard pulse
shape corresponding to a relative bandwidth of the frequency spectrum
of abt. JO % is being considered.

III. CALCULATION AND MEASUREMENT OF THE ORIENTATION DEPENDENCE

Figure £ shows a computer model by means of which the echo
dynamics, i. e. the dependence of the echo height on the search unit
movement during the reflector scanning, can be calculated. The comput-
ing model describes the probe's sound field in accordance with [5] and
takes into account nearfield influences as well as the varying ex-
citation of the reflector in this sound field by integration via the
reflecting surface.

The bottom part of figure 2 shows calculated curves of the echo
dynamics for two cases. A similar computer model was developed for the
tandem technique ([6]). All curves shown in the following for the

m
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orientation dependence were determined by means of these computing
models. For the calculation of the orientation dependence of focusing
probes, the sound field in the area of the focus was replaced by the
sound field of a correspondingly large piston diaphragm. This is
possible according to the descriptions of [73 and [8].

The influence of the pulse shape cannot yet be considered in the
computing model. During the evaluation of the results, however, the in-
dications generated in the area of first side lobes were lowered by
4 to 6 dB corresponding to a relative bandwidth of the frequency spec-
trum of abt. ?0 %.

The reliability of the computer model was verified by measure-
ments on test blocks for characteristic cases. Figure 3 shows one of the
used test blocks and a measuring example, as compared with the per-
tinent curve determined by the computer model. The static as well as the
dynamic orientation dependence can thus be determined by a computer
model.

IV. STATIC ORIENTATION DEPENDENCE

Figure 4 shows the static orientation dependence for a single
probe and a tandem technique as well as for a focusing search unit with
the data and sound paths indicated in figure 4. In the diagrams of
figure 4, the relative echo height is entered in.dB above the angle &$
of the reflector to the ultrasonic beam axis.

The echo amplitude differences for the &d = 0° position can be
read also from the DGS diagrams at the corresponding distance. The
orientation dependence, which first increases as a function of the re-
flector size, has its limit in reflectors of infinite size, i. e. on the
back wall. For this case, the orientation dependence is determined only
by the directional characteristic of the probe. A greater directional
dependence is not conceivable with a given search unit.

In case of the tandem technique, too, the greatest orientation
dependence is given by the back wall, in this case a defect extending
perpendicularly through the wall.

For the improvement of the orientation dependence e. g. the use
of focused sound fields was suggested in order to excite only a very
limited region on the defect surface and thus to obtain a corresponding-
ly divergent, well detectable ultrasonic beam reflected by the defect.
Seen exclusively from the static point of view, the use of focused sound
fields for the improvement of the orientation dependence thus really
offers advantages (see figure 4 right as compared to 4 left and
4 middle).

However, when considering the dynamic orientation dependence the
above single probe and tandem technique come off considerably better on
comparison with the focused sound fields.

V. DYNAMIC ORIENTATION DEPENDENCE

In our example, the behaviour of inclined reflectors in the case
of moved probes was in the main investigated by means of the computing

model according to figure 2.

The results of a calculation of the dynamic orientation de-
pendence, are shown in figure 5» where again the echo height above the
angle b& is indicated.
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Figure 5 left for the single probe technique (a = 45°) shows
the orientation dependence.

Figure 3 middle shows the dynamic; dependence for an example of
the tandem technique. It is striking that the improvement as against
the static consideration is not as distinct as with the single probe
technique. The sensitivity of the tandem technique decreases signifi-
cantly even at comparatively small oblique position angles. Therefore
the tandem technique should not be used as the sole technique for the
examination of components with thick walls but must be combined with a
single probe technique, i. e. with 45 or 60°.

Figure 5 right hand side shows the oblique-position dependence
for a focusing probe with 5.2 mm wave length and abt. 5.5 mm beam
diameter in the focal area.

Figure 6 shows the orientation dependence for another angle
probe (o = 60°). It has to be stressed that the orientation dependence
in the case of a single probe technique ma;' not be assumed to be
symmetrical to £ = 0. The curves presented in figures 5 and 6 are valid
for a from 25° to 45° and 40° to 60°.

The cases of oblique-position dependence shown in figures 5 and
6 can be combined in a diagram for the estimation of the detectability
of planar reflectors as shown in figure 7. The difference between the
ecjuo amplitude of a 15 mm 0 reflector and the recording threshold is
shown as a function of the angle. During the in-
spection of thick walled components a large range of important defect
orientations can be detected in the case of the data selected for
figures 5 and 6 (1 MHz transverse waves) by a combination of a tandem
technique, and a 45° single probe technique, provided that a recording
threshold corresponding to the reference reflector size 10 mm 0 - 6 dB
is used for the tandem technique and a recording threshold corresponding
to the reference reflector size 3 mm 0 according to the DGS diagram for
the single probe technique. The remaining gaps can be closed by the
application of normal probes and a 00° angle probe, as is done for work-
shop inspection of thick walled nuclear components in the Federal Re-
public of Germany.

The orientation dependence in figures 5 and 6 is strongly in-
fluenced by the soundfield data of the probes. Therefore figures 5, 6
and 7 can only regarded as an example for to demonstrate how we can
derive from the orientation dependence a conception of the detectability
of cracklike flaws.

VI. CONCLUSIONS FOR THE SELECTION OF THE SOUND FIELD

An investigation of the dynamic orientation dependence has
shown the great influence of the probe and its sound field on the pro-
bability of detection. Therefore, the question regarding the sound
field best suited for a given examination task arises. This question
can be answered only in consideration of the principal objectives of an
examination.

By dividing for thick wall components the sound fields according
to their divergence into three regions, a simple assignment to various
criteria indicated in the following can be found. The first region
would consist of probes with "large divergence", e. g. probes as they
are used in a scanning acoustic holography; the second region comprises
search units with "medium divergence", e. g. the sound field shapes of
most of the commercial probes which are between an aperture angle of
about 2°and 10° The third region comprises search units with "small
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divergence", e. g. all focused sound fields. In our example, the prob-
ability of.detection, the signal-to-noise ratio, the readout inter-
pretation and the costs shall be used as criteria. The following table
indicates which divergence would apply to which examination tasks:

Divergence

Large

Medium

Small

Probability
of detection

++

+

-

Signal/
noise

—

+

++

Readout
interpretation

+

0

++

Costs

-

-

+ = favourable
- = unfavourable
0 = to be considered neither nor unfavourable

The probability of detection is largest with a very large
divergence because of the orientation influence. Due to the limited
volume range and the sensitivity advantage mostly associated with it,
the signal-to-noise ratio is very good, if the divergence is small, and
gets worse as the divergence increases. The suitability for interpre-
tation of ultrasonic readouts, above all with regard to defect sise
determination, is not very satisfactory in the case of the frequently
used commercial probes with medium divergence. If suitable techniques
are used, a defect size determination can be carried out much more
easily with search units with a large aperture angle as well as with
those having a small one. To complete the comparison, the costs must
not be neglected. Today the costs are lowest in the case of probes with
medium divergence, as are largely being used for manual and many auto-
matic tests.

The table permits the conclusion that inspection systems using
probes with medium divergence should be applied for all eases where a
high degree of detection probability together with a sufficient signal-
to-noise ratio is required. The well-known disadvantage of the re-
stricted possibility of determining defect sizes has in this cases to
be compensated by supplementary methods which are especially suitable
for the determination of defect sizes, e. g. acoustic holography or use
of focusing probes.

The results reported in this contribution are a part of a re-
search program supported by the Federal Minister of Science and
Technology of the Federal Republic of Germany and executed by the KWU,
Krautkrâmer, M. A. N. and the BAM/Berlin.
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