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Crack Detection of Composite Cylinders under extemal pressure using the Acoustic
Emission

Jin-Ha Park*, Jin-Ho Choi™ and Jin-Hwe Kweon™

ABSTRACT

The studies on the non-destructive testing methods of the composite materials are very important for
improving their reliability and safety. AE(Acoustic Emission) can evaluate the defects by detecting the emitting
strain energy when elastic waves are generated by the generation and growth of a crack, plastic deformation,
fiber breakage, matrix cleavage or delamination. In this paper, the AE signals of the filament wound composite
cylinder and sandwich cylinder during the pressure test were measured and analyzed. The signal characteristics
of PVDF sensors were measured, and an AE signal analyzer which had the band-pass filter and L-C resonance
filter were designed and fabricated. Also, the crack detection capability of the fabricated AE signal analyzer
wes evaluated during the pressure tests of the filament wound composite cylinder and the sandwich cylinder.
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1. Introduction

The invisible inner damage of the composite materials can
be oriented by residual stresses during the curing process or
by overload during operation. These defects range from the
submicron level to several millimeters in dimension, and

often have a great effect on the reliability and stability of

composite structures. It is very important to measure the
sizes of these defects and to decide their tolerance ranges[1].
Also, if the generation, growth, and accumulation process of
these defects within composite materials can be revealed by
the

strength, fracture toughness and residual life can be evaluated

a micro-mechanical analysis and non-destructive tests,

more accurately[2-6]. AE(Acoustic Emission) can evaluate
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these defects by detecting the emitting strain energy when
elastic waves are generated by the generation and growth of
a crack, plastic deformation and fiber breakage, matrix
cleavage or delamination{7-11].

In this paper, the AE signals of the filament wound
composite cylinder and the sandwich cylinder during the
pressure tests were measured and analyzed. The signal
characteristics of PVDF sensors were measured, and an AE
signal analyzer which had the low pass filter and resonance
filter were designed and fabricated. Also, the crack detection
capability of the fabricated AE signal analyzer was evaluated
during the pressure tests of the filament wound composite
cylinder and the sandwich cylinder.

2. Experiment and results

2.1 AE signal feature of the composite materials

The two step OP amp which could amplify the 200
times from the original PVDF sensor signals was fabricated.
Fig. 1 shows the OP amp and Fig. 2 shows the PVDF
sensor. The amplified signals were input to the computer
using the A/D converter (NI USB 6251) and LABVIEW
software. The FFT (Fast Fourier Transform) of the signal
was done by AGU-Valien Wavelet software.

Fig. 1 Photograph of the OP amp.

Fig. 2 Photograph of the PVDF sensor.
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(a) Filament wound composite cylinder

(b) Sandwich cylinder
Fig. 3 Shapes of composite cylinder.

For the analyses of the composite fracture tests of the
composite fracture signals, the cxternal pressure tests of the
composite cylinders were performed by the water pressure
tester. Fig. 3 shows the schematic diagrams of the composite
cylinders. The filament wound composite cylinder of Fig. 3 (a)
was composed of the + 54 layer and hoop layer, and the
sandwich cylinder of Fig. 3 (b) was composed of two [0/90]4,
laminates and honeycomb core. The prepreg for the composite
laminate was USN-125B of the SK Chemical Co. Figure 4
shows the photograph of the fractured composite cylinder after
the pressure test. Fig. 5 shows the FFT analyses of the AE
signals around the fracture of the composite cylinder during
the pressure test. As shown in Figure 5, the 240 - 330kHz
frequencies were detected during the fracture. To measure the
AE signals during the impact which do not occur the fracture,
the impacts by a hammer were applied to the composite
cylinder. Figure 6 shows the FFT signals during the impact.
As shown in Figure 6, 0.1~ 1 kHz frequencies were detected
during the impact test.

2.2 AE signal analyzer and fracture detection

The AE signal analyzer which can detect the fracture of
the composite cylinder was designed and manufactured.
Figure 8 shows the electric circuit of the AE signal analyzer.

As shown in Figure 8, the amplified signal was input into the
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(b) Sandwich cylinder
Fig. 4 Photograph of the fractured composite cylinder after pressure test.
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{b) Sandwich cylinder
Fig. 5 FFT analyses of the AE signals under the pressure test.

low-pass filter and L-C resonator. The low-pass filter is for
the impact detection and the L-C resonator is for the
fracture detection. The cut-off frequency of the low-pass

filter and the resonance frequency of the L-C resonator were
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(b) Sandwich cylinder

Fig. 6 FFT analyses of the AE signals under the impact test.
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(b) sandwich cylinder
Fig. 7 Event counts after the impact test.

set to 700Hz and 240 Hz, respectively. Since the fracture
frequencies of the composite cylinder can be changed slightly
in each test and have a narrow band as shown in Figure 8,
the band pass filter can be used. The filtered signals are
input to the comparator. The digital signals of 5 volts are
produced by the comparator when the filtered signals are
larger than the threshold voltage level. the threshold level can
be adjusted by the three counters. The each event count of
low (impact) or high (fracture) frequency can be measured.
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The impact tests of the composite cylinders were performed
by an impact hammer. Figure 7 shows the event counts after
the impact test. As shown in Figure 8, the low frequency
event counts had a large value and they were about ten times
of the high frequency (L-C resonator) event counts. For the
generation of the composite fracture signals, the external
pressure tests of the composite cylinders were performed by
the water pressure tester. The water pressure was increased
step by step with measuring the deformation shape of the
composite cylinder. The buckling of the cylinder occurred

I Low-pass filter ,

abruptly at the same time. Figure 9 shows the fracture
detection of the composite cylinder using the L-C resonator.
As shown in Figure 9, the high frequency event count had a
larger value when the abrupt fracture of the composite cylinder
occurred. The low frequency event count during the fracture
had a small value relatively to the high frequency event

count. Figure 10 shows the fracture detection of the composite
cylinder using the band-pass filter. As shown in Figure 10, the
high frequency event count had a larger value relatively to the
low frequency event count during the fracture.

( Resonance filter ]

(a) LC-Resonator
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(b) Band-pass filter
Fig. 8 AE signal analyzer.
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9 Fractre detection of the compesite cylinder using the fabricated
AE signal analyzer (L-C resenator).
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(b) sandwich cylinder
10 Fracture detection of the wposite cylinder using the fabricated

AE signal analyzer (Band-pass filter).

From the impact and pressure tests, it could be proved
the fabricated AE analyzer could distinguish and measure
the mechanical impact and fracture of the composite cylinder

under the pressure test.

3.Conclusions

In this paper, the AE signal analyzer to extract and
counter the specified frequencies of the AE signals was
designed and fabricated for the crack detection of the
For the extraction of the

composite cylinder. specified

frequencies, L-C resonance filter and band pass filter were

adopted. The mechanical impact and fracture of the
composite cylinder under the pressure test could be
distinguished and  effectively measured by using the

fabricated AE analyzer.
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