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Ultrasonic Characteristics of Degraded Energy Plant Pipe
and Wall Thinned Inconel Tube

Hwa-Sik Do

Department of Materials Science and Engineering
Graduate School of Industrial
Pukyoung National University

Abstract

In this study, the pressure vessel piping with corrosion used
during long term and the inconel 690 tube with artificially
all-circumferential wall thinning were investigated from the
time-frequency analysis method. The damage of piping could be
evaluated the attenuation factor by ultrasonic parameters such as
center frequency and echo waveform. Inconel 690 tube with
all-circumferential wall thinning could be evaluated with dominant
frequency by wavelet analysis. Based on NDE analysis by
time—frequency analysis method, it should also be possible to

evaluate from various damages and defects in piping members.
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Fig. 1.1 Illustration of nuclear power plant



Fig. 1.2 Steam condenser pipe of breaked Mihama nuclear
power plant
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Fig. 1.3 Illustration of breaked steam condenser pipe
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Table 2.1 Ultrasonic test methods for materials
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Detection and measurement
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Fig. 2.3 Basic principle of Acoustic Emission

(1) AAA BHAA 9 AE TR 7]+

Age 2AHEH

3 3 FE3IA (/A8 T, A, F8 = F),

SEFAECIAAFL, AFFHbreakage) L F ] (debond), Z7HE ]
(delamination), ¥ Z(fatigue) 3}&9F3-(§2) $HEAFYE SCC/AH

}/EE T

(2) PAIA BHANA 2] AE TR 7|+

A 9] o] & -44 (twinning), < ¥ (slip)

Al d-2FAAS olF/ MAETS BA9 s 2 e

AW e -vt2dlAlo]|E WHE/ £3)/ -3 31/2 4 (sintering)/7d 3Hcuring)

(3) AR A
(leakage)
& A} (cavitation)

o o r
2L ot

%74 (particle impact)

b2 2 o} %2 (friction & wear)

=]
=

_12...



‘v

223 SN A 2 #AY

p

=
+3HE 57 UF 2ol AA FYH S 7|25 BASI|dE 2o
o] M WA SFYEFY ANog 2 BAME usjus
(parameter) & FE3t AlgUlolgE X3t Ao dutzoln 1t}
o] g3te] A3}

o
19
M
flo
£
)
o
o
o

(1) 934 ¥ (parameter analysis)

AENZ 9] 3go] ojgA BZHE7 vwste WY OZA rising time
(RT, 45 A7), duration time (DT, A A1 7}), rising slope (X139 4+
&) % frequency spectrum(F34 £3X) 59| Helujg s o] g3y

olel e stebrlEl e WA el WA A Ak

(2) SFHE XM= 24 Y (activity analysis)

AEX 3.9 event 7, count ¥, WA Z(maximum amplitude) =L
energy 5o WS o] &3t FFUEUe AV 2 Aot 4y o

A7 ek,
(3) Pattern <121 H

SHE &3717AMY AENE Y 54¢ ddse] 15% BRYe
24 A5 BAAA e &7 78 Fstd o gakx Ak
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burst type continuous type

Fig. 2.4 Type of acoustic emission signal

‘ Duration Time X Voltage
Rise Time AE parameter
Time 1) AE event count
Amplitude RMS 2) AE count
- R A - (ring-down count)

A

vUUUU U \VAY4 A U\/ 3) RMS voltage

Area or (Amplitude) =AE Energy (in continuous AE)
Count (7) Count (2) 4) Peak amplitude
111 P itf | 1 5 AE cvent enemy
——— 6)Frequency analysis
1 AE Event 1 AE Event

Fig. 2.5 Parameters of acoustic emission signal.
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Table 2.2 Factors affecting the relative amplitude of acoustic

emission response

Factor increasing acoustic emission
response amplitude

Factor decreasing acoustic emission
response amplitude

High Strength

High strain rate

Low temperature

Anisotropy

Inhomogeneity

Thick sections

Brittle failure (cleavage)
Material containing discontinuities
Martensitic phase transformation
Crack propagation

Cast materials

Large grain size

Mechanically induced twinning

Low Strength

Low strain rate

High temperature

Isotropy

Homogeneity

Thin sections

Ductile failure (shear)

Material without discontinuities
Diffusion without transformation
Plastic deformation

Wrought materials

Small grain size

Thermally induced twinning

23 @439 A3 A 9

;Y g

2.3.1 Fast Time Fourier analysis(FFT4)

3832l =
o] 3zl Joseph Fourierel <2&] 2714
Transform)& ©]83 FAHolt}

NS (0 hE Felol WEe g A 2o ERYTL

A= Z—IIIF(w)ejw’dm (2-7)

F)= [~ foear (2-8)
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= Fe Fus Ao gFe 442 Ak gebd wolzrt g
g AES BN AP AG-FRs Gugeld wolz=e) Ase] i
of 41, wol= AL Arks FHol Urh olsh Zo] AZ-F s 3

Short Time Fourier Transform (STFT)Z4%€ Al#3te], Dennis
Gabordll 93l expansion®} series®] 7§d2 ©] &3 Gabor expansion,
Eugene P. Wigner9) FBETE o] &3k Wigner-Vill
distribution(WVD), Kernel ¥4%& o]&3F Choi-Williams distribution
(CWD)# 1980t 2 o]&2°] AYd wavelet transforms & 714
A Zb-F g Aol AR 3 otk HTo = F=doe F&% W
do mE wmE AiAE M A o2 A HAAEJ] B4 7tE
A HAth olE gt Az-Fa SAHEL AA AYAIH vAY
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g g M e B3] ofF o FHEE 7HA= 9, 1Y 874
of 9% Hd 3 (cross-term)o] HASE FHEE st Yok WA A
d ¢y E(linear algorithm)e  7FA&=  Short Time Fourier
Transform¥} Gabor expansion 5& 7Hd XS dodjx= x|
T3sol ta EojAE ¥ S 7HA3 Ut

2.3.3 Short Time Fourier analysis (STFT%4])

Short Time Fourier Transform(STFT) 2o W3H(FFT)o] A3+
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STFT(t,0)= [ (0} (Dar= [ (1)y"(1— e " dr (2-9)

SP(t,0)= | STFT(t 0)|? (2-10)

21(2-9)= 493l WA (inner product)g ©|&3F F3 22 A, signal

& E‘M?_} F ok A(2-10)& STFT spectrogram Q24 Al 7F-F 9
FHde Fag A& AUA XS Uelle Ao=2ZA STFTY
Aoz gdadY, & g y(HE  Fig. 289049 2ol A+ g s(d)
diaia A Akl A ol FaHA ZF Alzkel dig Feld WS
Bate] Azb-Fa5 At gdste Wyelth a3y B 4 A
71o wep AIZF e Fabe RalTo] G ER AT 999 Bl
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Fig. 2102 STFTEA Y 324 24445 vedn

st

e L _ P
Time
v \ A >
[[—~ [x— [j
[ S9N i3
L -
\4 \4 v
A
g
Q STFT
&
o
LL‘ .
Time

Fig. 2.8 Short Time Fourier Transform
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Fig. 2.9 Short Time Fourier Transform in 2D representation
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(@) (b)

Fig. 3.1 (@ Outer surface, and (b) Inner surface of pipe

: First echo (B1) _ :
- Second echo (B2)
: t — '

Amplitude

Fig. 3.2 Ultrasonic echo (A-Scan mode)
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Fig. 3.3 Block diagram of experiment setup for Ultrasonic test
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Fig. 3.4 FFT and Time-Frequency Analysis program
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Fig. 35 STFT analysis of Bl echo measured from outer surface
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Fig. 3.7 3D representation of STFT analysis of Bl echo
measured from outer surface
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Table 4.1 Mechanical properties of inconel 690 tube.

Tensile Yield .
) Elongation
Material strength strength %)
ou (MPa) 0Y (MPa) ’
Inconel 690 758 358 40

Table 4.2 Chemical composition of inconel 690 tube [%].

Material

Ni

Crni Fe

Mn Si C Al

Inconel 690

Bal

29 9

035 | 025 | 001 | 025

Table 4.3 Dimension of thinned specimens.

Thinned length Thinned depth
Specimen No. (£, mm) (d, mm)
A 0 0
B-1 5
0.6
B-2 20
C 5 0.8
D 40 0.3
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Fig. 4.1 Experimental setup for the measurement of AE test of
inconel 690 tube specimen with all-circumferential wall

thinning (unit: mm).
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Fig. 4.2 Waveform and power spectrum of inconel 690 tube
without wall thinning (Specimen No. A).
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Fig. 4.3 Waveform and power spectrum from center of inconel
690 tube with all-circumferential wall thinning
(Specimen No. B-1).
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Fig. 4.4 Waveform and power spectrum from center of inconel
690 tube with all-circumferential wall thinning

(Specimen No. B-2).
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Fig. 4.5 Waveform and power spectrum from side of inconel

690 tube with all-circumferential wall thinning

(Specimen No. C).
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(b) 25 mm
Fig. 4.6 Waveform and power spectrum from side of inconel

690 tube with all-circumferential wall thinning

(Specimen No. D).
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Fig. 4.7 Time—frequency analysis of inconel 690 tube without
wall thinning (Specimen No. A).
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Fig. 48 Time-frequency analysis of inconel 690 tube with
all-circumferential wall thinning (Specimen No. B-1).
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Fig. 49 Time frequency analysis of inconel 690 tube with
all-circumferential wall thinning (Specimen No. B-2).

w0.8-Smm under 01 w.35mm susetsmm QY

Fraquency (kHz)

tiene (s} s (53
(a) 180° (b) 15 mm

Fig. 4.10 Time-frequency analysis of inconel 690 tube with
all-circumferential wall thinning (Specimen No. C).
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Fig. 4.11 Time-frequency analysis of inconel 690 tube with
all-circumferential wall thinning (Specimen No. D).
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Fig. 4.12 Comparison of dominant frequency according to wall
thinning length and depth.
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Fig. 4.13 Comparison of dominant frequency according to wall
thinning length.
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Waveform, (c) Wavelet analysis.
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Fig. 4.16 Signal analysis of inconel 690 tube with
all-circumferential wall thinning (Specimen No. D);
(a) Frequency, (b) Waveform, (c) Wavelet

analysis.
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Fig. 4.17 Signal analysis of inconel 690 tube with
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B-1); (a) Frequency, (b) Waveform, (c) Wavelet

analysis
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