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Abstract This study shows the defect detection and sizing capability of ultrasonic guided waves in the nondestructive
inspection of heat exchanger and steam generator tubing. Phase and group velocity dispersion curves for the
longitudinal and flexural modes of a sample Inconel tube were presented for the theoretical analysis. EDM(Electric
Discharge Machining) wears in tubing under a tube support plate and circumferential laser notches in tubing were
detected by an axisymmetric and a non-axisymmetric transducer set up, respectively. EDM wears were detected with L
(0. 2), L(0, 3) and L(0. 4) modes and among them L(0, 4) mode was found to be the most sensitive. It was also found
that the flexural modes around L{0, 1) mode could be used for the detection and sizing of laser notches in the tubing.
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Table 1 Material properties and dimensions of
the sample tubes
. QOuter . Longitudinal | Transverse
Materials Diameter Thickness velocity velocity
Inconel | 18.9mm | 1.22mm { 6.29Km/s | 3.23Km/s

modified Bessel §42 o] FoA 2 A AL (1)
A FolE £ k. A (4)x= AEF4 (frequency
equation)o. 2 Eelojxled], ol2RH YAE&ET B
A % (phase velocity dispersion curves)& 1%
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dispersion curves)s ©9 #4141 & o] 83t 4
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Fig. 2 (a) Phase velocity and (b) group

velocity dispersion curves for the
longitudinal and flexural modes of a
sample Inconel steam generator tube
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3.2. Bore Probe
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Fig. 3 Two element bore probe for tubing
inspection Table 2 Vibrational EDM wear
configurations

<+«——— 9.5 mm (3/87)

tube support

Fig. 4 Vibrational EDM wear under a tube
support plate. Sample tube : 439
stainless steel with 19.05mm (3/4”) OD
and 0.89mm (0.035") nominal tube wall
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Table 2 Vibrational EDM wear configurations

radial extent Flaw depth
Flaw type 1| 360 degree |70 % through wall
Flaw type 2| 360 degree |20 % through wall
Flaw type 3| 180 degree |50 % through wall
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Fig. 5 A comparison of the amplitude versus
frequency curves for the different
configurations of the 9.5mm thick
vibrational EDM wear under the tube
support plate. note: different amplitude
scales
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Fig. 6 A comparison of the RF waveforms for
the different configurations of the 9.
Bmm thick vibrational EDM wear under
the tube support plate. L(0,4) mode at
3.85MHz was used. note: different
amplitude scales
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Table 3 Specification of Laser Notches in
sample steam generator tubes

Samples #39 #40 #49 #50
Depth 34% 36% 72% 58%
Thickness(mm) 0.05 [ 0.076 { 0.041 | 0.061

Circumferential o o o o
Length 51 55 45 73

28 £ e FERSHE=E LO.1), L0,2),
L(0.3), L(0.4) 9] Flexural R=Eo|t}(Far:
AT Fig. 2). 28 o83 Flexural 2=2 %
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#o]A A 2 RE wAlE 98 ##sn Fig. 8
gEA 28 HYt Fig. 8 (a)& A8 Al
YIS Ao 2A #olAxA] 39¥ = 4009 FE-S

wansducer

variable angle beam steam generator

transducer shoe for tube tube
thickness : 1.22 mm
oD : l8v9/nm

0

notch

Fig. 7 Transducer laser

detection

setup for

Laser notch 39"
0.05 mm thick
51°0D 34%

AN

L) L3
O 18.9 mm | |

38.5 mm 33.5 mm 1
o

Laser notch "40°
0.076 mm thick
55°0D 36 %

39 mm

13T mm

(a) Sample specifications

amplitude [v]
<o

-08 3 ———— K

35 59.57 84.15 108.73
time [microsecond)

(b) Angle of incidence : 77°

0.2 ”

No signals for notch 39 & 40
|
~0.2 L

35 59.57 84.15
time [microsecond]

amplitude v}
o

(c) Angle of incidence : 28°

Fig. 8 Laser
angle

notch detection with changing
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Table 4 Laser notch circumferential sizing
results: 6.0dB drop measurements

Samples #39 #40 #49 #50

Depth 34% 36% 2% 58%

Thickness(mm)| 0.05 | 0.076 | 0.041 | 0.061

g 399l el 38"k 2% 508 W3l 69°= 2zt
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9] @a& Jepdth Table 4 470¢] 8ol x|
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]
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Table 5 Laser notch circumferential sizing
results; Estimation of the proper
value of dB drop for improved sizing

Length by o o o o
ritler 51 55 45 73

6.0dBdrop | s | g5 | 45 | 69°

measurement . , .
(error) (-13°) | (-10°) | (+19) (-4)

Samples #39 | #40 | #49 } #50

Length by ruler | 51° | 55 | 45 | 73°

Corresponding dB | 8.9 7.2 56 | 6.8

Average 7.1dB
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(a) Sample #39, 0.05mm thick 34% through wall

0 90 180 270 360
Degree

(b) Sample #50. 0.061mm thick 58% through wall

Fig. 9 Laser notch circumferential sizing
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