








Figure 2. Block diagram of the level-4 analysis filter banks.

From Figure 2, birepresents the lowpass filter andriepresents the highpass filter. The
desired outputs (k) (level 4 approximation coefficients of DWT) ang'(k) (level 4 details
coefficients of DWT) are obtained from eq. 6 and eq. 7

yo®(k)= A, QJ;D8:rasxG F J; DX
yi®k) = A, QJ;D¥:s4sxG F J; Y
Here, the number (4) between the parentheses is related to the level number. [1]

Description of experimental apparatus

Wrought specimens of 7075-T6 aluminunoglare used in this study. The specimens are
3 mm thick and 50 mm wide. A notch is incorporated at the edge with dimensions of (1 mm x
3.5 mm) as shown in Figure 3. The experimenfgaratus, as shown in Figure 4, is used to
detect the crack evolution. Specimens are subjdotéehsion-tension load cycles at 60 Hz, and
the load is generated by the MTS test machine.téhget set point of the load is 8,000 N and the
amplitude load is 4,000 N where the lotctuates between 10,000 N and 6,000 N. In UT,
ultrasonic wave is injected to the metallicespnen by a piezoelectric transducer called
transmitter, and the transmitted signals areected by another piezoelectric transducer called
receiver which is located on the other side of the notch. When the crack propagates, the signals
start to attenuate since part of the signalsrafiected and not transmitted to the receiver as
shown in Figure 6. Furthermore, a digital microscope is used in conjunction with UT to monitor
the crack evolution behavior anad provide an evidence for the attenuation of the signals. The
digital microscope magnification that is used in this study is 50x.
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Figure 4. Experimental apparatus for crack detection.

Experimental results and discussion

The digital microscope starts to observe the crack on the notch surface at almost 44,939
loading cycles while the UT does not show the attenuation in the signal at the same moment as
shown in Figure 5 and Figure 6. As shown in Figure 6, the global ultrasonic data shows the
signal attenuation at around 48,680 loading cycles. Thus, the delay of crack propagation
detection using global ultrasonic data is 3,741 loading cycles. The first reason for the crack delay
detection in the global ultrasonic data is that the signal attenuates only when the crack is open. At
the crack initiation, the crack opens at maximum load, 10,000 N, and it closes at the minimum
load, 6,000 N. The tremendous amount of the data generated during UT is another reason for the
delay in detection. The total number of the signals that are measured is almost 19,404 signals
with each signal having 51 measured points.
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To overcome the delay detection of the crack in the global ultrasonic data, the local
analysis of the ultrasonic data needs to be computed instead of the global analysis. Thus, the
DWT is applied to analysis the local UT data.

(@)
Figure 5. Digital microscope image of the notch surface at (a) 0 loading cycle and (b) 44939
loading cycles.

The ultrasonic data, (0 cycle — 58696 cycles)
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Figure 6. Measured points of the ultrasonic signals, from 0 loading cycle to 58,696 loading
cycles.
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The block diagram process of Figure 2 is illustrated in this section as follows:

1.

The original signal s(n) is obtained from UT, and the length of this signal is almost
566,400 points which represent the measured signal points from the beginning of the
experiment until the appearance of the crack on the notch surface as shown in Figure.
7(a).

The input of the 1% level is the original signal. In the 1% of the analysis filter banks, s(n) is
decomposed into approximation output (yo'(k)) and detail output (yi1'(k)) as shown in
Figure 7(b).

The 1° level approximation output (yo'(k)) becomes the input signal values of the 2
level of the analysis filter banks. yo'(k) is decomposed into approximation output (yo*(k))
and detail output (y1%(k)) as shown in Figures 8(a) and 8(b).

Step 3 can be applied to the 3™ level and the 4™ level of the analysis filter banks where
the input signal of each level is the approximation output of the previous level, and in
each level, the input signal is decomposed into new approximation output and new detail
output as shown in Figures 9(a), 9(b), 10(a), and 10(b).

The ultrasonic data, (0 cycle — 44939 cycles)

Level 1 Approxlmlllon Coa“lciontl

'05

@
S

o
3

asured signal point
a
=

o

chol 1 Doull Cooﬂlclontl

. . . . . J 2
1 2 3 4 5 -
10"

(a) The measured signal point «10° (b)

The value of the me:
&
3

<100

150
0

Figure 7. (a) Measured points of the ultrasonic signals, from 0 cycles to 44,939 loading
cycles and (b)1% level of the approximation coefficients and detail coefficients of DWT.
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Figure 8. (a) 1t level approximation output, the input signal of the 2"? level and (b) 2" level

of the approximation coefficients and detail coefficients of DWT.
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Figure 9. (a) 2" level approximation output, the input signal of the 3¢ level and (b) the 3"
level of the approximation coefficients and detail coefficients of DWT.
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Figure 10. (a) 3¢ level approximation output, the input signal of the 4t level and (b) 4™
level of the approximation coefficients and detail coefficients of DWT.

As shown in Figure 9(b), The third-level wavelet decomposition of ultrasonic signals
provides a clear reduction in the approximation coefficients output which is a sign of the crack
initiation since the crack appears on the surface notch at 44,939 loading cycles and the
approximation output of the 3™ level decreases before 44,939 loading cycles. To increase the
validity of the 3™ level results, we decompose the approximation output of the 3™ level into new
approximation coefficients output and new detail coefficients output. The outputs of the 4" level
of the analysis filter bank emphasize the observations at the 3™ level where the approximation
coefficients reduce before 44,939 loading cycles as shown in Figure 10(b).

Conclusions and future work

In this study, the importance of detecting crack initiation has been described. The use of
the ultrasonic to detect the crack initiation in aluminum specimens proved the value of UT. DWT
clearly identify the crack initiation by applying the multilevel signal decomposition. The third-
level wavelet decomposition is suitable to determine the crack initiation where the approximation
coefficients clearly identify the sudden drop of the signal. The metallic structure can be
maintained when the crack is observed during the crack initiation stage, but the digital
microscope detects only the crack propagation. Therefore, more advanced measurement
instrument such as Alicona confocal microscope which can monitor the crack initiation needs to
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be used. Alicona is a 3D measurement system, and it is capable to measure the surface roughness
from 3D magnified image.
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