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Application of Laser-Generated Guided Waves
for Quantitative Evaluation of Local Wall Thinning in Carbon Steel Pipe
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Fig. 1 Shape of defects on 6 mm thick pipes
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Fig. 2 Schematic diagram of experimental setup
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Fig. 3 Determination of desired modes using the relation
between slit gap and the wavelength of generated
signal in phase velocity dispersion curve
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Fig. 4 Reception of active mode by turning air-coupled
transducer to the angle calculated by Snell's law
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Table 1 Theoretical values of L(0,1) and L(0,2) modes at
4.5mm wavelength on each defect

Element | Mode |Frequency| Phase | Receiving
Gap [MHz} Velocity Angle
[mm] [mm/s] [degree]
45 L(0,1) 0.64 2.89 6.4
' L(0,2) 0.68 3.06 6
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Fig. 5(a) Signal with elliptical defect on 6mm-thick pipe
according to the variation of reduced thickness
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Fig. 5(b) Signal with elliptical defect on 6mm-thick pipe
according to the variation of reduced thickness

(1.2 mm deep defect)



o]EY -uEZ - 48U -oS5E AFHALITHHAA A uF A E
T ;
|dn W |ﬁ;k¥ :
5 A H
| R I
l\’- b

Timoly soc]

Fig. 5(c) Signal with elliptical defect on 6mm-thick pipe
according to the variation of reduced thickness
(2.4 mm deep defect)
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Fig. 5(d) Signal with elliptical defect on 6mm-thick pipe
according to the variation of reduced thickness
(3.6 mm deep defect)
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Fig. 6(a) Time-frequency analysis for signal
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Fig. 6(b) Time-frequency analysis for signal
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Fig. 6(c) Time-frequency analysis for signal
elliptical defect on 6 mm thick
according to deeper defect (2.4 mm
defect)
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. 6(d) Time-frequency analysis for signal with
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Fig. 7(a) Characteristic of variation of L(0,1) and L(0,2)
according to deeper defect on 6 mm-thick pipe
(magnitude of L(0,1) and L(0,2) mode versus
elliptical defect depth)
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Fig. 7(b) Characteristic of variation of L(0,1) and L(0,2)
according to deeper defect on 6 mm-thick pipe
(normalized ratio of L(0,1) to L(0,2) mode
versus elliptical defect depth)
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Fig. 8(a) Signal with elliptical defect of constant depth
3.6mm and varying width on émm-thick pipe
(No defect)
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Fig. 8(b) Signal with elliptical defect of constant depth
3.6mm and varying width on 6mm-thick pipe

(1.6 mm deep defect)
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Fig. 8(c) Signal with elliptical defect of constant depth
3.6mm and varying width on 6mm-thick pipe

(3.2 mm deep defect)
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Fig. 8(d) Signal with elliptical defect of constant depth
3.6mm and varying width on 6mm-thick pipe
(4.8 mm deep defect)
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. 9(a) Time-frequency analysis for signal with
elliptical defect of constant depth 3.6 mm
and varying width in 6 mm thick pipe (No
defect)
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Time-frequency analysis for signal with
elliptical defect of constant depth 3.6 mm
and varying width in 6 mm thick pipe (1.6
mm deep defect)
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Time-frequency analysis for signal with
elliptical defect of constant depth 3.6 mm
and varying width in 6 mm thick pipe (3.2
mm deep defect)
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Fig. 10(a) Measured magnitude of L(0,1) and L(0,2)
mode with elliptical defect on 6mm-thick
pipe and ratio between the magnitudes of the
modes (magnitude of L(0,1) and L(0,2) mode
versus elliptical defect width)
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Fig. 10(b) Measured magnitude of L(0,1) and L(0,2)
mode with elliptical defect on 6mm-thick
pipe and ratio between the magnitudes of the
modes (normalized ratio of L(0,1) to L(0,2)
mode versus elliptical defect width)
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