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A Study on the Wavelet Transform of Acoustic Emission Signals
Generated from Fusion-Welded Butt Joints in Steel during Tensile Test and its Applications

Zhang-Kyu Rhee’, Joung-Hwi Yoon®, Chang-Ki Woo',
Sung-Oan Park”™, Bong-Gag Kim™", Dae-Hee Jo™

{ Abstract }

This study was carried out fusion-welded butt joints in SWS 4%0A high strength steel subjected to tensile test that load-deflection
curve. The windowed or short-time Fourier transform (WFT or STFT) makes possible for the analysis of non-stationary
or transient signals into a joint time-frequency domain and the wavelet transform (WT) is used to decompose the acoustic
emission (AE) signal into various discrete series of sequences over different frequency bands. In this paper, for acoustic
emission signal analysis to use a continuous wavelet transform, in which the Gabor wavelet base on a Gaussian window
function is applied to the time-frequency domain. A wavelet transform is demonstrated and the plots are very powerful
in the tecognition of the acoustic emission features. As a result, the technique of acoustic emission is ideally suited to

study variables which control time and stress dependent fracture or damage process in metallic materials.
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o g 4 X9 EA wet £53 £208 WA "rt o]
A EAQ WY EE B3 Ao Wss 2359 S
FHAQ ZUA A o] fslEls ko] A&E o SFPLtEY
(AE, acoustic emission)2.2 22|44 HA=g, 28
29| As A2 A sefujes} Azt Fat 2
Foll #E ASole £ A ofudt e
2 &8 sk o] #Ho] ot

Az Aol dFQl F2o] WIKFT, Fourier trans-
formy& F0]7] T T2 4139 Fupgof dhefA= SR
BEE AF37) qgof AsAe] g nj@EAA9] sy
ol ARgEglov, As7t wAE A7k disjAe ot R
AR 7HA I YA got B Foke dgoMT A E
EAT ubof glo] A15.9) AJ7F RO} Tl HHE FA]
of stojd 4 glrhs FEE 2 Aok 2A, HIToE o
2§ PAE FE317) Hef TAAQ Fejo] wRo] 7HAl=
4HS HHste] Folo WgEEe ARehe(window
function)zt &= AlZte] &t 7HedeE B3 Az
Fohg BN T4 Feof Wie] =ElEY, 1 dE
Z{Ql Aol 7F2-A|¢t T4(Gaussian function)S AE342
o] 43t 712 3N Gabor transform)ojct®.

ojgt T2 AZ-Fub HEL FElof W Z2 AR
it o i 2] FE2 Ao)E)= 22 BHQ) oY AHEGoR
R 4 Qloh AR FA(EE BARD Fo ¥
B(WFT or STFT, windowed or short-time Fourier
transform), 7}E  &ZKGabor expansion), ¢o]&3
(wavelet) 50| 12, 3] gz AbgE= 22 #E
< Yay-gd EX(Wigner-Ville distribution) 5-°] 3Jch. o
7IA, 24 Feo HE ¥ 9oy Rae F2 HES
ARUe) 2&o AT A7t Fuky EAS Uty
T o] BT HupAFE 2 Folg Rt BE
A7) 2ol BAAE SolstA £4% 7} 9l 2,
T4 Fo WS AZE-Fobe Baleol dAsl7] o
FAHAE Fohgo]) gk 240 9lojA] BHElaL, B3 H1
H-d E2= A A-Fobe 215 @7) Y3te 2}
A AYE LR 3= 5, T Ao EAY
= Algtol Uoich wetA ojest BES Aty 3t A

& AZAAY L2 AZE-Fube B glof golE W
BH(WT, wavelet transform)@o) z}2-& ukz) xjQic).
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A7 E0) g4 f(t) ) golBa Wik [WTs] = 4 (1)
2 Hoj=Eg?,

[WTs] (a, b) =

1 i— b

T /f(t)w(———a )dt (1)

A (1o Bulet Zo] dolEsl wEe] Zl folE
R A$E a, bo] geoln], ek Fulpot BBE Az
0% o, b A7t 2|49 o5 vpehys, ¥ &
BYol8H ¢ o FHEL JEG vepiict

B AoAe zYolEsioz 7199t g4y(Gaussian
function)E FEIFE o] &3 4 (2)9 72 HE
(Gabor function)& AME3H1.0.H, 1o ojgt 2o Wale
A @) 2.

¥ (t) = 4—\1/}- ‘/% o E(5 e @)
P(w) = /27 4\1/77 N T e 3)

A7IN, wy = BYolERY FHFToITh
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E902 Yol Agd)
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Adtime width
Aw. spectral width
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(a) FT (b) WFT or STFT (c) WT
Fig. 1 The corresponding resolution on the
time-frequency plane
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2 BA(base meta)Z 3t A|EE A3t &, KS B
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(a) smooth type
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(b) notched type
Fig. 2 Geometry of test specimen(unit:mm)

Table 1 Chemical composition and mechanical
properties of SWS 490A(wt.%)

C Si Mn S P
0.086 0.065 1.29 0.018 0.004

Yield strength | Tensile strength Elongation
(MPa) - (MPa) (%)
380 493 23

3.2 AEuY

2 g0 A= Autograph 25-TG(Shimadzu, Japan) Q17
Alg719] AR AHE £2E 2mm/minE A3, QARA]
HA] 2gEH= AE Y Al3E Spartan 2000(PAC, USA)9]
TRA-212 2E& 53t 35319t

AE WA S0l wAdute] 7 EAS st RIS(F
g 150kHz, PAC) AN E 8179 FFo28E ¢
A& dskol] diste] Z+zb 30mm "ol X (AAM#T (0,
30), AA#2 (0, -30)°)l AT 12|25 ARGl AEH
dgo] F=g A7 x, AT AAE T3] A2
o)dE AA, gHARE Fsgu®. & ANFE7)
(1220A, PAC)9] ©]=(gain) 40dBE 4Ast1, 100~
300kHzo} A F&E AAS] Asdh FZH|(SNR,
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signal-to-noise ratio)s FG o0, A&H ofdE AE A
3E F5E7)9A 20dBR 23} FE3 o] o2z
tg dojgz yaste AAstgct 2 AYPolA e AE
A&2AL Table 29} Zth

Table 2 Experimental condition

Threshold Gain | PDT | HDT | HLT
(dB) (dB) | (usec) | (usec) | (usec)
Fixed, 40 20 300 | 600 | 1,000

4. 4 gt 3 IE

Fig. 32 goi7] §3 ol33t BEA ¢ XA JIFAIE
Ho] QA AR RE 13 35-oUA-AE E Az
i E2 9 AEoje], AlZh-Futy Aol g AL Y3t
Fub4= BA(TRA-212 module) AP o)A 2 ATt 5 1%
o] dj4to] == R gisie} 33-A7 21 Yo gkl
£02 ®7|5HgTh
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A7t A& Qe dold 9o AE oY
A7t AR ZasEA 2AF wde oj2x gk 1y,
Fig. 3 1) =27 AFAEH &, SHu| R Hlo=
A Z7)%E ik A7tR) v|ny F AE oA g 2
ool A9 B} glo] H|F mjho] o]23 Yt

o47)4 AE A& F Aol B3t YRFO 2, AE A
Z-& micro-crack®] 4 27|12 EAE 5 ok EY

S| 7490l 40~ 100dBS] AEL o) it W,

3= Aol 40~80dB2) WZo} AH BE3L .

Aot ohA) B3, AFFRIE SAHU =R vlg) o Fo)
o & ghg Bola glrt. ojeh Zo] GFFR B% AE
AZo] Bk A vt 22 AT AristgolM EAT
micro-crack 9] 27|17} u|=4tel ¥l Art= A& 9]
gk

3 Fig. 39 H& fol&3 Ue A} Fig. 424
A B &2l o3 HEHE AE FoE &
100~300kHzo] 1, 1 $4FT= F 130~ 180kHz3] A
< AT £ Aok Qb o FAYE AAsHAEAL &
< FAE e AE A37HHEEE 39 79 ded, of
= Rz 71Fe Sl A M) SUHL ¢ FRH

AE A%7F A&doe oM & o, & A" 39 A¥
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Fig. 4 (2)9) BEA AFAFH 3t a= ANE 27
off $AFat4=7} oF 180kHzo] ™, bi= acl v3te] FE2) 2
7= o4 Zagou o 100~300kHz) F4FEH4E 2
£ Aoz Yty 234 Biuiel Zol a~brAle &
o|g kgt AE 4157} A9l Yehtx] gthrt, o] o
7k el AE 457} oh WSl oz Hof 27|
350 7hsi Al dAlol M= SRR ted S FE
3 At ToE B £ 9o, ol micro- cracko] H4
Hi YA ¥ Yusict

a2 coll M B8E AE A39 WD A 1ES 3
717k 333] F718ta glew, 1 F4Fmert o 130, 180
9 230kHzeof] A4 m3zzt YA £282 Yed, ol
2488 2713l ARED 22 BALE o]
Ao mAete] whe| @At o3 FFo] M, of of
9] 23y} TAE F7]9] FuE Z2H= AE AlZE d
£=E Zlo Azt

3, d~g9] A7+ AE| A7|7} FUi9 AL HHE
3l ol A EF AN AAHH FFo] S F7tol ¢
gt N2 FAHL FFEE DA -JAFLEN EF7]Y
Z7te 745 e o2 Az

123 his BAFFo] S8 44e AR £ 37
7} 288 Zasdtgon|, o 180kHzH o) 4T} Ko
I 9k 27194 o|fd 2813 Ftet tlEe] g
%o} AE A7} HojskE7tA A&H oz HAstL Y=
g, ol AthaE7A] theQ micro-cracko] A|&H 02 A
BYE T BHA ST FAJo] FE7] A7 o
FojE Aoz 249k B3 HYisks o] Tz H|EH
W& 99} AE oy 7}t sk )t ojet Zo] L34
AE B4 Z(AE activity)7} 87 o] fojz)1 Qlck A
2 44 49T B0l F, £4 9= IRHeR
7144 Ado] tt27] g2l FF| 7 U(deflection) HA
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A&E 35l 93 FIE9 AL £%2 XA golvt
7] t2o] W2 & AE U7t B Hog A
ek

opRjgto 2 is AEE Hg &, YRy maiEHE
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Fig. 3 The results of load-deflection curve
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Fig. 4 The results of wavelet transform to load-deflection curve

- 347 -



Fig. 49 ¥ ¢ol2gl wao] o3 Ane aoksid
Table 338 B2)5oi, o}714 WEo) 7|9} FYFTS &
zE B3y QA% AR 98 & 4 Urh

Table 3 The results of analysis given as Fig. 4

(a) |Center frequency(kHz) Waveform p-p(mV)
a 180 continuous type small
b 100 ~300 " small
c 130, 180, 230 burst type large
d | 130~180, 230~280 " small
e 130~180 ” medium
f | 110~180, 230~250 ” small
g 100 ~180, 250 " medium
h 180 ” small
i | 110~180, 250~280 continuous type large

(b) |Center frequency(kHz) Waveform p-p(mV)
a 180 continuous type small
b| 100~200300 | demnim o PS¢y | medium
c 130~180 burst type large

d 130 ( incﬁ‘;g;%%ﬁde) small

e 130~ 180 burst type large

f 130~ 180, 250 continuous type | medium
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Sej7] 879 o] &3 SWS 490A TAEZY ARAHIA
AL AE ABE HE FolS ARt Az-Futs 24
# 4% g 2e 2EL At

29 A3 B AU Ja) YEHE AE Fat
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°2 etk 1 23t AE 459 AZRLo) Bt 5]
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& SIS}k o4 AE 459 AZRETHE 2o ofat
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