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Monitoring and detection of corrosion defect in the inner wall of the metal tube
by non-destructive electromechanical impedance method
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Corrosion is a type of irreversible destruction of a metal by chemical or electrochemical reaction with
ambient. The loss of materials caused by corrosion in metallic structures is a widespread and urgent problem
in various industries including petroleum, gas, aerospace, construction, mining, and manufacturing. Pipes used
in the oil and gas industry as well as aluminum pipes used for heat transfer in cooling systems are subject to

Keywords: corrosion. Therefore, the evaluation and detection of corrosion, progressive damage, is of particular
Structural Health Monitoring importance both qualitatively and quantitatively. In this study, a new electromechanical impedance

Corrosion

Electromechanical Impedance
Piezoelectric

Pipe

measurement method was used to detect corrosion inside an aluminum tube. Defects or changes in the
structure integrity cause changes in the mechanical impedance of the structure which shown as the alteration
in the piezoelectric electrical impedance, due to the piezoelectric coupling characteristics. For this study, a
circular corrosion cross-section with insulation of the surrounding environment on the inner wall of the tube
was created by the corrosive acid solution in a period of 180 minutes until the tube was pierced. Measurement
of impedance spectrum in the range of 10-20 kHz was performed to monitor changes in impedance shape as a
result of corrosion progress in steps of 20 minutes. Comparing the impedance spectrum at each step with a
healthy state, changes in amplitude and resonance frequencies revealed and extracted quantitatively.
Experimental results from the scalar damage criteria increased linearly with increasing corrosion depth,
indicating the effectiveness of this method in real-time detection of corrosion damage in the pipe.
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Fig. 1 Common forms of corrosion in oil and gas pipelines: a) Uniform
corrosion, b) pitting corrosion, c¢) cavitation and erosion corrosion, d)
stray current corrosion, e) microbiologically-influenced corrosion [1]
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Fig. 3 Location of piezoelectric sensor on outer and corrosion damage
on inner wall of pipe
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Table 1 Physical and mechanical properties of aluminum 2024 alloy
Pl Jgse M e S

W Ol Al puls
469 0/33 73/1 324 75 2780
MPa GPa MPa HRB kg/m?

Si9 30 > 2024 p5nn T ST ploard oS 5 2 Jgur
Table 2 Chemical components of aluminum 2024 alloy as percentage

Al 90/7 -9417
Cr 01 zSlas
Cu 3/8-4/9

Fe 0/5 zSlas
Mg 1/2-1/8

Mn 0/3-0/9

Si 05 jislos
Ti 015 jsla>
zn 0/25 jisla>
Al 015 jsla>

0l 03y IS4y G iSlg ol § Slasin 3 Jguo

Table 3 Characteristics and dimensions of the employed piezoelectric
wafer
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Table 5 Applied damage states inside aluminum pipe

= ey

odio syl (mm) St et
Healthy - 0 wlle <> 1
D1 0/222 20 1 . 5s,05 2
D2 0/444 40 2 S5, 3
D3 0/666 60 3 So,95 4
D4 0/888 80 4 Ss,55 5
D5 1111 100 5 So,95 6
D6 1/333 120 6 5o, 7
D7 1/555 140 7 5o, 8
D8 77 160 8 So,95 9
D9 2 180 9 So,95 10
Con g i -3

sogumogll dlgl 30 Llai yf GBge g wiliuel b guli-1-3
L Wl cdls e alg) uilal sy (6503l Gl 6 S

! Root Mean Square Deviation
2 Correlation Coefficient
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Fig. 4 Aluminum pipe after through hole of corrosion
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Fig. 5 Test set-up for health monitoring and damage detection in
aluminum pipe
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Table 4 Approximation of corrosion rate
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Fig. 6 Impedance spectrum of healthy state pipe
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Fig. 11 Impedance spectrum of aluminum pipe after 180 minutes:
corrosion depth about 2 mm
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Fig. 9 Impedance spectrum of aluminum pipe after 60 minutes:
corrosion depth about 0.66 mm
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Fig. 10 Impedance spectrum of aluminum pipe after 120 minutes:
corrosion depth about 1.33 mm
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