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Developments in Ultrasonic Inspection II
The Effect of Grain Size on the Defect Detectability in Copper Components in Ultrasonic
Testing
J.Pitkänen, Posiva Oy, Finland; W. Arnold, S.Hirsekorn, FHG-IZFP, Germany

ABSTRACT
In metals ultrasonic waves attenuate in different ways. The attenuation can be divided in different
categories: geometrical attenuation due to beam spreading due to the finite aperture of the transducer,
scattering, and absorption. The scattering is caused mainly by grain boundary scattering and thus the
grain size affects strongly the attenuation. Both the average grain size and the distribution of grain size
have to be taken into account. Additionally the surface finish of the component affects amplitude
variations in ultrasonic inspections. Not only the RMS-value of the surface roughness does play a role
but also the form of roughness. This is not often recognized in inspections. Also the stress state of the
component will affect the attenuation of ultrasonic waves mainly via the absorptive part (i.e. internal
friction) of the material. In the copper components examined here, the grain size can vary locally
between 50 µm to 2000 µm. Due to this large variation in the grain size distribution, the ultrasonic
testing demands greater efforts than in normal polycrystalline materials, where the grain size is small
compared to the ultrasonic wavelength. The used frequencies for copper in ultrasonic inspections vary
between 1 MHz to 5 MHz and the corresponding wavelengths between 4.70 mm and 0.94 mm for
longitudinal waves and between 2.26 mm and 0.45 mm for shear waves. This means that at least part
of the grain sizes in the copper components examined are comparable to the ultrasonic wavelengths.
Rarely higher frequencies than 5 MHz are used in thick copper component inspections because of their
high attenuation. The attenuation in the copper components follows two regimes: Rayleigh scattering
and resonance scattering, which both have different functional dependencies.
The thickness calibration of the ultrasonic equipment is carried out with reference specimens.
The time-of-flight is only little affected by the attenuation of the reference specimen, and hence they
may serve well for the calibration of the time scale of the UT equipment, but the sensitivity calibration
for the inspection is as important as the time-scale calibration. To get comparable inspection quality,
the reference specimen should have similar attenuation than the component under test. Eight standard
reference specimen made from copper were measured and the attenuation in these specimen were
compared to each other. Additional nine reference specimens with variable grain size were also
manufactured to study the effect of grain size on the attenuation. The grain size variation in these
specimens was between 60 µm to 800 µm. The initial structure of the grain size of oxygen free copper
after hot rolling was modified with variable hot pressing reduction from 20% to 61%. The evaluation
of the average grain size is according to ASTM standards. The manufacturing goal was to produce a
grain-size distribution as homogenous as possible.
Studies of the attenuation of these samples are reported in this paper. The measured attenuation
is compared to theories known in the literature. The attenuation is evaluated to optimize the ultrasonic
inspection of copper components including their electron-beam welds (EB-welds) using phased array
techniques. Similar copper samples have been studied by Stepinski /1/.

ULTRASONIC ATTENUATION IN COPPER COMPONENTS OF POSIVA
For the nuclear fuel disposal containers will be manufactured from copper. The containers are made
out of a tube, a lid and bottom part. They must be checked by non-destructive testing in order to assure
their integrity and overall quality. In the copper material of the containers changes occur in their
microstructure, which affect their ultrasonic inspectability. Figure 1 shows a photograph of such a
container, which is about 4.8 m long with a wall thickness of 50 mm, and an outer diameter of 1050
mm. During tube manufacturing the manufacturing process can affect the material such that is has
different properties in axial and circumferential directions. For example one can clearly detect in a Cscan the changes and especially the high attenuation area of ultrasonic waves in the tube by monitoring

the backwall echo (black color in the C-scan shown in Figure 1). Other parts of the container to be
inspected are the lid and the bottom. In these parts areas have been found where the grain size varies
depending on the degree of reduction (see Figure 2). When the container is closed with the EB-weld
the grain structure is similar to a casting structure as shown in Figure 3 /2/. The ultrasonic attenuation
and the hence the inspection procedure is influenced by these material changes which will be
discussed.

Figure 1 - Copper container for nuclear fuel disposal (left); C-scan produced by the Swedish nuclear
fuel and waste management Co. (SKB) with a 0° L phased-array instrument from a copper tube having
length in axial direction of 4800 mm and a circumference of 2998 mm.

Figure 2 In the lid and bottom part of the copper container, grain size changes can be found in certain
areas, which affect the ultrasonic inspection.
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Figure 3 Electron-beam welding for thick specimen with the keyhole technique (left) and the ensuing
grain structure in the weld (right)/2/.

Ultrasonic attenuation
Suppose that the amplitude of ultrasound in the sample decays as
(1)
A = A0×e-αx,
where α is the total attenuation coefficient. The coefficient α consists of three contributions:
(2)
α = αG + αA + αS
The first part αG is due to geometrical spreading of the transducer field, the second part αA is due
to absorption, i.e. internal friction, and the third part αS is due scattering at the grains boundaries. In
Eq. (1) and Eq. (2) the attenuation coefficients have the dimension 1/length, usually mm-1. The factor
to convert dB/mm into mm-1 is 8.69; i.e. the unit dB/mm divided by 8.69 corresponds to mm-1.
Theoretically calculated results for αS describing amplitude attenuation by scattering can be
found in /3/. In the case of macroscopically isotropic polycrystals, i.e. without texture, in the Rayleigh
region, where the wavelength is large compared to the grain size, the scattering coefficients for
longitudinal and transverse waves, αSL and αST, respectively, are given by
αSL,T ≈ SL,T d3f4,
(3)
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where d is the grain diameter, f is the frequency, k = ω/vL = 2π/λL and κ = ω/vT = 2π/λT are the
wave numbers, vL and vT are the sound velocities, and λL and λT are the wavelengths of longitudinal
and transverse waves, respectively. The density of the polycrystalline material is ρ and A = c11 - c12 2c44 is its anisotropy factor in case of cubic single crystal symmetry, c11, c12, and c44 are the single
crystal elastic constants. The data for copper given in /4/ (ρ = 8920 kg/m3, c11 = 170 GPa, c12 = 122
GPa, c44 = 70 GPa) and the measured sound velocities vL = 4.655 mm/µs and vT = 2.34 mm/µs yield
SL = 0.01595 [mm/µs]-4 and ST = 5.9 SL.
(6)
Calculation of the detectability limit for pores and cracks
In polycrystalline materials porosity or individual pores can be detected by ultrasonic backscattering
only when their scattering signals are large enough in comparison to the grain scattering. As limit of
detectability, it is assumed that the amplitude of the scattering signal of the pores is equal to the
amplitude of the grain-noise signal. From the ultrasonic scattering theories the grain scattering as well
as the scattering signal of a single defect or of a defect agglomeration can be calculated, when the
structural and the material data of the matrix and of the defect are known. The scattering coefficients
for grain and pore scattering are well known in the Rayleigh regime, i.e. when the linear dimensions of
the scatterers are small compared to the ultrasonic wavelength. The formulae for grain scattering are
already given above. The attenuation coefficient due to scattering for longitudinal waves at pores is /5/
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Here, VP is the porosity, dP the pore diameter, and SP is the scattering factor for pore scattering.
The other quantities are already defined above. In the Rayleigh region the backscattering signals
depend linearly on the scattering coefficients. As a result one obtains the ratio of pore scattering to
grain scattering:
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nd the detectability limit of pores is given by

α SLPores
≥ 1.
α SL

(9)

Figure 4 shows results obtained by numerical evaluation of these equations with the data for
polycrystalline copper given above. The calculations are carried out for the different grain sizes
indicated in the figure, each for a porosity range from 0.05% to 5.05%. One has to pay attention to the
fact that the amplitudes of the ultrasonic signals depend on the pore size and the porosity, i.e. these
quantities are not independent from one another, and that the given equations are valid for the
Rayleigh range only. Furthermore, the porosity determined from ultrasonic data relates for each
measuring point to the volume covered by the ultrasonic ray, which varies with the transducer and the
position of its focus. Fig. 4 shows that for a porosity of about 1.8 % the detectability limit is that the
pore size is equal or larger than the grain size.
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Figure 4 - Detectable pore size in polycrystalline copper as a function of porosity for different grain
diameters (indicated in the figure). As criterion of detectability it is assumed that the pore scattering
has to be equal or larger than the grain scattering.

If instead of scattering at pores scattering at aligned penny-shaped cracks with a crack opening
of a tenth of the crack diameter, i.e. dP/10, is considered for perpendicular sound incidence onto the
cracks, the backscattering signal increases by a factor of ≈ 2.56 /5/.

EFFECT OF GRAIN SIZE TO STANDARDIZED UT REFERENCE SPECIMEN
A calibrated ultrasonic inspection equipment is needed for a good quality of inspection. The
calibration must encompass time and sensitivity which is usually achieved by calibration blocks
Calibration blocks as described in the standards SFS –EN 12223 and SFS-ISO 7963 EN 27963 were
manufactured. Usually these standards are made of steel blocks, but in this case oxygen-free copper
plates were used. The specimen form is shown in Figure 5.

Figure 5 - Photograph of a reference specimen for ultrasonic inspection of copper components made of
oxygen free copper according to standards SFS –EN 12223 /6/ and SFS-ISO 7963 EN 27963 /7/.

For measurement and data acquisition an ultrasonic immersion system at VTT (Figure 6) and a
multi-inspection data acquisition system (MIDAS) with its software were used.

Figure 6 - C-scan test equipment using the MIDAS data acquisition and analysis software at VTT.

The ultrasonic probe used for the non-destructive testing (ndt) was the Panametrics probe V308
F6.5”. The focus was set in the middle of the test specimen of 12.5 mm thickness /8/. The time gates
were set up in such a manner that most of the signals in the wall thickness direction were recorded.
Each specimen was scanned in a 0.4 × 0.4 mm2 raster. For the base material inspection the sensitivity
was chosen to be comparable to a 3 mm side-drilled hole in a depth of 35 mm with an angle of 0°.
Two areas were etched and polished to study the grain size of each specimen. Replicas were taken and
the grain size was measured with two methods: Firstly according to the standard ASTM 11296, and
secondly by a procedure where the mean intercept length is calculated which is the measured length
divided by the amount of grain boundaries. The results from the grain size measurements are shown in
Table 1.
As a result of the ultrasonic measurements no differences between the V2 specimens were found
which hence can be used for time scale and sensitivity calibrations, but in the V1-specimen series V10601 differed from the others. The reason was its larger grain size in comparison to the other
specimens. The difference in attenuation measured using 100 mm sound path for longitudinal waves
was 12.3 dB and for the shear wave 9.8 dB. In both cases a composite probe of large bandwidth was

used. This can possibly explain the apparent low attenuation for shear waves because only the lower
frequencies of the spectrum get transmitted. The velocity variations in the specimens were less than
0.3 % for longitudinal waves and less than 2.3% for shear waves /8/.

Table 1 - Measured grain sizes of reference specimens V1 and V2 /8/
Specimen

Area

V1-0601

1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2

V1-0603
V1-0604
V1-0605
V211-1
V2-2
V2-3
V2-4

Average grain size [µm]
Intercept method
ASTM 11296
172
190
182
220
71
105
74
95
76
95
84
110
70
95
63
95
54
80
66
80
55
75
66
80
66
80
64
80
59
80
70
85
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Figure 7 - Attenuation as function of grain size at 5 MHz frequency.

The attenuation as a function of grain size obtained from measurements can be fitted by the
following graph:
α[dB/mm] = 0.151×ln (grain size [m]) – 0.4985
(10)
Of course such a functional dependence has no physical meaning and is used only for practical
purposes to estimate the expected attenuation. It reflects to a large degree the grain size distribution.
The results shown in Figure 8 /8/ show that in the reference block V10601 the highest
attenuation can be found and in reference block V10605 the smallest. Reference V10605 specimen
had the highest standard deviation. These measurements were carried out with a 5 MHz probe.

Figure 8 - Left: C-scans showing attenuation measurements for several V1 reference blocks. The
upper row shows surface-echo C-scans. The lower row shows back-wall echo C-scans. Right: In the
upper as well as in the lower image a rectangular area is indicated. Within this area the standard
deviations in attenuation for the different specimens were calculated.

EFFECTS OF THE MICROSTRUCTURE ON THE ULTRASONIC ATTENUATION IN
COPPER ROLLED-PLATES
From the ultrasonic data obtained from the plate shown in Figure 9 and displayed in Figure 10 it can
be seen that the attenuation in the area of large grain size obviously decreases when the inspection
frequency is lowered. But of course the defect detection capability, which should be as high as
possible, decreases simultaneously.

Figure 9 - Rolled plate showing three different strips caused by the manufacturing process: two
segregation strips and one larger grain strip (left) and an area exhibiting a larger grain size (right).
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Figure 10 - C-scans obtained from the rolled plate shown in Figure 9. The measurements were carried
out with three frequencies: 1, 2.25, and 5 MHz.

The C-scan recorded with 1 MHz frequency shows indications from surface defects but hardly
anything from the attenuation caused by the larger grains in the strip. At 2.25 MHz both segregation
strips and the large grain strip of the plate can clearly be discerned. With a 5 MHz probe both
segregation strips and the large grain strip of the plate cause a high attenuation and the amplitude
deviations are much larger than at lower frequencies. Measurements were carried out with the
equipment shown in Figure 6 at the VTT facilities in Espoo.

ULTRASONIC ATTENUATION IN COPPER SAMPLES WITH VARIOUS GRAIN SIZES
Reference samples made of oxygen free copper with different grain sizes (Figure 11) have been
manufactured by Luvata Oy for Posiva to study the effect of grain size on the attenuation /9/. The
grain sizes varied from 60 m to 800 m. A grain size of 60 m resulted from hot rolling. It was
modified with variable hot-pressing reduction from 20% to 61%. The evaluation of the average grain
size is based on the ASTM code and on the intercept procedure /10/ as discussed above. The goal was
to produce a grain size distribution as homogenous as possible. This was achieved for the surface
volume, but the grain size in the bulk is not yet checked. Several reference reflectors were machined
into the samples (Figure 12). The measurements on the test samples were carried out with five
different equipments:
• RITEC system, IZFP, Saarbrücken, Germany
• IZFP backscattering instrument /11/, IZFP, Saarbrücken, Germany
• Sampling phased array system /13/, IZFP, Saarbrücken, Germany
• MIDAS immersion equipment VTT, Espoo, Finland
• MultiX M2M phased array equipment, Espoo, Finland
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Figure 11 - Manufactured test samples with variable grain size (left) and micrographs of the specimen
showing the individual grain sizes (right) /9/.

Figure 12 - Reference reflectors machined into the test samples.

At the IZFP in Saarbrücken attenuation measurement at 1 MHz were carried out using the
RITEC system as an RF-transmitter with pulses of 2 µs length, hence consisting of two oscillations.
The measurements at 2.5, 5, 7 and 10 MHz were carried out using the IZFP backscattering instrument.
Carrier-frequency RF-pulses with 5 oscillations were used. The measured values of the total
attenuation coefficient α and the theoretical values for the attenuation coefficient due to scattering αSL
for longitudinal waves in the polycrystalline Cu samples are listed in Table 2. The calculated
scattering coefficients are valid only in the Rayleigh region, i.e. for kd ≤ 0.6 and κd ≤ 0.6 for
longitudinal and transverse waves, respectively. For the calculations of the backscattered longitudinal
and shear waves the equations discussed in /11/ were taken.

Table 2 - Total attenuation measured and calculated for the test blocks shown in Fig. 11.
Attenuation results from computations and measurements
Total attenuation [1/mm]
1
2.5
5
7
Frequency [MHz]
Sample 1

10

Measured 9.200•10-3
Computed 3.450•10-6

1.270•10-2
1.350•10-4

2.120•10-2
2.160•10-3
8.290•10-3

2.770•10-2
0.830•10-2
7.940•10-3

6.410•10-2
3.450•10-2
1.660•10-2

Measured 6.650•10-3
Computed 2.750•10-6

1.650•10-2
1.080•10-3

4.870•10-2
1.730•10-2
1.040•10-2

1.060•10-2

1.750•10-2

VIII

Sample 2

Sample 3
Measured 8.610•10-3
Computed 1.280•10-4

3.230•10-2
5.000•10-3

Measured 8.520•10-3
Computed 4.310•10-4

3.620•10-2
1.680•10-2

Sample 4
Sample 5
Measured 1.270•10-2
Computed 0.744•10-4

Sample 6
Measured 1.160•10-2
Computed 2.370•10-3

Sample 7
Measured 1.330•10-2
Computed 3.450•10-3

Sample 8
Measured 1.310•10-2
Computed 0.547•10-2

Sample 9
Probe in use

Measured 1.670•10-2
Computed 0.817•10-2
A1035

V106

V109

V109

Manufacturer

Panametrics

Panametrics

Panametrics

Panametrics

Element Diameter [mm]

12.7
1.15•10-2

12.7
4.6•10-3

12.7
4.4•10-3

12.7
3.4•10-3

Diffraction loss (Geometrical attenuation)

12.7
2.7•10-3

It is an interesting fact that all experimental data are larger than the theoretically expected values
for attenuation by scattering. That is, scattering only cannot cause the observed attenuation. The
difference decreases with increasing frequency and increasing grain size.
The geometrical attenuation is estimated in the following. From Fig. 10 of /12/ the relative
attenuation between two successive back wall echoes can be determined. There, the normalized path
length S = zλ/a2 is given by the path length z between two echoes (here 60 mm because of the sample
thickness of 30 mm), the radius of the transducer a (here 6.5 mm), and the wavelength λ (here 4.655
mm for a frequency of 1 MHz). Hence S = 6.61, which yields a diffraction loss of about 6 dB per back
wall echo, i.e. 6/60 dB/mm = 1.15×10-2 mm-1. This value is close to the experimentally observed
attenuation coefficient (Table 2). For the frequencies 2.5, 5, 7, and 10 MHz the diffraction loss was

4.5×10-3, 4.8×10-3, 3.5×10-3, and 2.5×10-3 mm-1, respectively. Note that diffraction loss does not scale
with the wavelength. The active element of each of these transducers had the same radius. At the low
frequencies, the total attenuation is dominated by the diffraction loss. At higher frequencies the
scattering part becomes significant. Additionally, an absorptive part must be superposed.
In Table 2, the attenuation coefficients α displayed in italic are taken from Table 6 in /12/ and
converted into the dimension mm-1. The values are similar to those obtained from back wall echoes. In
summary, the total attenuation coefficient contains a large absorptive part, which dominates in the
lower MHz region in this type of Cu polycrystalline material.
The sound velocities were measured at 5 MHz. The results were 4.76 mm/s for longitudinal
and 2.34 mm/s for shear waves in sample 1 with 60 m grain size. The corresponding Young's and
shear modulus and the Poisson number are 129.9 GPa, 48.84 GPa, and 0.34, respectively, if the
density of copper ρ = 8920 kg/m3 from the literature /4/ is used.

Figure 13 - C-scans in immersion testing of the specimens 8, 5, 3, and 1 (see Fig. 11) at the
frequencies 1, 2.25 and 5 MHz.

Figure 13 shows C-scans of the samples measured at three different frequencies with focusing
probes in an immersion tank. With the 1 MHz probe the detectability of defects was not sufficient.
With the 2.25 and 5 MHz probes the defect detection improved, but simultaneously the attenuation
increased. The C-scans taken with the 2.25 MHz and with the 5 MHz probe showed similar grain
noise in test block 5 and 8, while with the 1 MHz probe similar results for the samples 3 and 8 were
obtained. In sample 1 all defects were detected, however in samples 5 and 8 only the largest defects
close to surface.
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Figure 14 - Sampling phased-array system and the scanning direction (top images); 3-D visualization
of the data obtained by the sampling phased-array in test sample 1 with 60 m grain size (left) and in
test sample 5 with grain size 360 m (right) (bottom images) /14/.

The test samples were inspected in the immersion tank using the sampling phased-array system
of IZFP /13/ as well (Figure 14). The samples were scanned according to Figure 15. The PA-probe
was from RD-Tech 5L16A1 having 16 elements and a frequency of 5 MHz. The sampling phased
array uses the so-called synthetic focusing to all points (SynFoc-Sampling Phased-Array Principle
/13/). This algorithm was able to resolve also the small defects with long sound paths even with a nonoptimized probe in sample 1. The noise level increased clearly with increasing grain size and at the
same time the detectability was lowered. The same phenomena were found in samples 5 and 8 without
large differences in the detectability of defects or in noise level, even though the surface grain size was
rather large (360 m and 700 m, respectively). In the test blocks, the defect # 5, a flat bottom hole
(FBH) of 2 mm diameter (), with a sound path of 20 mm was not found (see Figure 14). The
sampling phased-array system provides quick 3D-reconstruction in real time. The signal-to-noise ratio
was not reported /14/.
In addition, measurements at the test samples by the conventional phased-array procedure using
0º longitudinal waves only were also carried out at IZFP. According to /14/, the conventional
technique yielded poor results. Only defects near the surface and, at a distance of 20 mm, only large
defects were detected. In summary, the results obtained with the sampling phased-array were better
than those by conventional phased-array technique. According to /14/, the PA-probe for both
techniques was not optimized for these measurements.

Figure 15 - MultiX (M2M) 128 channels equipment (left) and scanning pattern obtained from test
samples 1, 3, 5, and 8 with 64 elements linear phased array probe (right).

The specimens 1, 3, 5, and 8 were also inspected by Posiva at VTT in an immersion tank with a
128-channel equipment MultiX phased-array system manufactured by M2M. For the measurement 5
MHz and 2 MHz 64 elements-probes were used. Figure 15 shows the scanning pattern and Figure 16
the obtained C-scans.

Figure 16 - combined C-scans obtained with the 5 MHz ultrasonic phased-array equipment on the test
samples shown in Figure 9. Two PA-probes having 64 elements (2 MHz and 5 MHz probes) were
used. In all cases the sound path to reflectors was 20 mm.

The evaluation of the data of the C-scans of the samples 1, 3 and 5 is displayed in Figure 17.
Data of sample 8 are shown but extracted from the signal to noise curve because they showed a similar
behavior as sample 5 in spite of large difference in grain size. The attenuation curves were drawn for
the 2 MHz and the 5 MHz probes. The signal-to-noise (S/N) ratio was evaluated from echoes of the
FBHs of 2 mm and of 3 mm diameter at 10 and 20 mm distance for different grain sizes. The S/N ratio
in sample 5 was the lowest (about 8 dB at 5 MHz), but still acceptable. A similar value was also
obtained in sample 8. Here one has to keep in mind that the sound paths in the EB-weld to be
inspected are twice as long. We will get less than 6 dB S/N-ratio in the sample with a grain size of 360
µm using the 5 MHz probe, but with the 2 MHz probe, defects larger than 2 mm diameter in front of
the copper EB-weld might be detectable. The curves in Figure 17 clearly show that the attenuation at 2
MHz there is less than at 5 MHz. With the MultiX phased-array system using perpendicular sound
incidence all defects in sample 1, 3, 5, and 8 were detected with a sufficient signal-to-noise ratio. In
Figure 16 FBH 2mm measured with 5 MHz probe has indicated with a blue ellipse. The signal-tonoise ratio of this reflector can be seen in the Figure 17.

Figure 17 - Effect of the grain size on the signal-to-noise ratio for 2 MHz and 5 MHz PA-probes from
2 and 3 mm FBH’s at 20 mm sound path.

SUMMARY AND CONCLUSIONS
The non-destructive inspection of the copper components can be carried out by ultrasonic testing, but
some deficiencies are caused by the grain size variation in the components. There are also other items,
which have an influence on the measured ultrasonic amplitude during inspection, but this study
concentrated on the effect of the grain size. Test samples have been examined in order to discover the
dominant parts of ultrasonic attenuation in copper used for the Posiva nuclear disposal containers. It
was found out that in this type of polycrystalline material the total attenuation coefficient contains a
large absorptive part dominating in the lower MHz region.
For the evaluation of the ultrasonic inspections and in order to be able to calibrate the UT
systems, the microstructure of the reference samples must similar to that one of the copper containers.
It seems that the velocity in copper samples is not much affected by varying grain sizes but the
sensitivity for defect detection is clearly affected. An increase in average grain size from 60 m to
200 m caused a 6 dB loss of amplitude. That is, the defect detection sensitivity has to be controlled
during the different manufacturing phases of the copper containers.
Several material properties vary during manufacturing as e.g. segregations or material structure
originating from the casting process. The grain size depends strongly on the degree of reduction. The
thermal history of the material as well as residual stresses also cause effects on ultrasonic inspection
data. The effect of grain size in manufacturing was recognized in the rolled plate where the coarsegrained structure and the phosphor segregation strips were present originating from casting and
solidification. In the manufacturing process of the copper components material variations of this kind
have to be taken into account. Obviously, with increasing grain size
• Noise is increased,
• Detectability is lowered,
• S/N ratio is decreased.
When using lower frequencies the overall attenuation decreases, but the defect detectability
decreases as well. The distribution of grains has an effect on the received ultrasonic amplitude and not
only the average grain size.
A reference set of test samples of different grain sizes was manufactured. The average grain size
on the surface seemed to be as expected. But the ultrasonic measurements indicate that specimen 8
(predicted grain size of 700 m) is not as coarse-grained in the bulk as it should be according to
manufacturing, and only test samples with grain sizes of 60 to 360 m were available. For these test
samples it is necessary to verify the grain size in the relevant inspection volume.
Several methods were used for the inspection and the characterization of the test specimens. The
measurements were carried out with stationary laboratory equipments (MIDAS) as well as with
equipments, which can be used on-site (sampling phased-array equipment and M2M). The MultiX
phased-array system using perpendicular sound incidence while scanning detects the defects with
sufficient signal-to-noise ratio. The performance of the sampling phased-array equipment could not be
fully tested because an optimized probe was not available.
The measurements revealed that in EB-weld inspection the detection limit of FBHs is at about 24 mm diameter depending on which side of the weld the defect is positioned. The detectability in the
tube inspection depends on the defect position and on the grain size variation. The detection limits are
under study and will be reported later. The investigation of the effect of the anisotropy in EB-welds on
ultrasonic inspection and the development of ultrasonic inspection techniques for the bottom and the
lid of the containers are in progress.
For all inspection techniques of the copper components, ultrasonic attenuation is an important
factor, which has to be known to assure the quality of inspection.
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