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Elastic Wave Properties of STS316L according to
Thickness and Welding Method by Hsu-Nielsen Source
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Abstract : Elastic waves are signals that appear as energy releases inside a material. Elastic waves show the
behavior inside the material. Elastic wave characteristics of stainless steel according to the thickness and
welding method are evaluated and will be used as basic data for monitoring the structure. In this study,
elastic wave was generated by Hsu-Nielsen source using different thickness of stainless steel plate. Welding
method used two types of TIG welding and laser welding. Elastic waves were detected using the NI PXI
SYSTEM, which supports up to eight channels. Elastic waves analyzed by time-frequency analysis using
Labview. As the thickness of specimen increases, the lower frequency band increases and the upper
frequency band decreases. The elastic waves were affected by the welding method, welding power and
welding speed. That is, they were affected by the weld shape.
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welding
Laser TIG
__ Wavelength | 1030 om | -
__Beam Quality | 16 mmmrad | -
,,,,,,, Power | 52~58 kW | -
,,,,,, Defocuss | -2mm | -
_Incidence angle | o |-
. Voltage | - | DC16~20 V.
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3rd: 85~95 Al
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Shielding gas rate 21/15 >5/5~10
_[L/min] | (Face/Root) | (Face/Root)
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Gap between 0 mm 32~3.5 mm
materials
Filler metal not used ®1.2 STS308
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Fig. 1 Block diagram of experiment setup for elastic

wave measurement
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Fig. 2 Elastic wave detected from Hsu-Nielsen

source using Imm of specimen thickness. (a)

Waveform, (b) Power spectrum, (c)
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Fig. 3 Elastic  wave  signal detected from

Hsu-Nielsen source using 5Smm of specimen
thickness. (a) Waveform, (b) Power spectrum,

(c) Time-frequency analysis
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Fig. 4 Elastic = wave  signal  detected from

Hsu-Nielsen source using 25mm of specimen
thickness. (a) Waveform, (b) Power spectrum,

(c) Time-frequency analysis
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Fig. 8 Elastic wave signal detected from Hsu-Nielsen

source using laser welding specimen (welding
condition; power 5.5 kW, welding speed 1.5
m/mm, shielding gas Ar). (a) Waveform, (b)
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gas Ar). (a) Waveform, (b) Power spectrum,

(c) Time-frequency analysis

DC 16~20 V, &5 HAF 75~95 A, B37}t2 Ar
AHESE TIG 83 AIPH eIt Fig. 799 =EA
2 -] 382 Fig. 29 Imm FANA L
383} ZE] extensional mode ol flexural
mode-/] O:Iako] L% -]g oL ,/’: 9}1‘1—/}‘.13,14)

[e)

=

2

Fig. 7~9¢} 2o IgoA BLdFas A
TR M B Foge ~HER 3

gAdul AT Fig. 792 (@) dolBE 3

=

1)
2o Ao
o e e

A3} Fig. 7(c)e] 113, 240 kHz I, Fig. 8(c)2
102, 238 kHz, Fig. 9(c)2| 129, 216 kHzol 9=I3}
dee & o ew, Faa 24 Fig 7(0),
Fig. 8(b) ¥ Fig. 9(b)e] A& AX3+AT} Fig.
7(b), Fig. 8(b) B Fig. 9(b)e] 113, 102 % 129
kHzi= Fig. 7(c), Fig. 8(c) ¥ Fig. 9(c)e F3
2HEY "EoA siduz yehd 7HE w2
BdFus AEos Uesth dutdes Olﬂi
& Fub Aol 2% 249 s B =
71l E3FE o] Sl

al

Fig.

Yz - ABY
SRANFHOE Zo] YERHAT Fig. 10()= ¥
A3 &4 M 52 kWollA 84 £52 th27
3k Zolth Fig. 10(b)= €A &4 £= 15
m/min9l A §3 HE& 24 3 Aol

Fig. 10@)° ©ESEFrnE EAANIHO
102~129 kHz, #OIAEHAFAQ (84 &=
m/min) 63~162 kHz, ZO|ALHAHEAD (&4
4% 1.5 m/min) 89-145 kHz, @A HAIHD
(3 4% 1 m/min) 64~152 kHz, TIG &HAE
HO 62~133 kHzE YEFARIT. Fig. 10(b)4 &
AFuensE ZAANEHD 102~129 kHz, #o]A
SHANEEQ (8H A9 58 kW) 89~161 kHz,
oA LEHAPAAHG (&4 ©¥ 55 kW) 89~139
kHz, #HolAEHAEHD (83 HAY 52 kW)
89~145 kHz, TIG &HAPHA®G 62~133 kHzS Y
eI A Fig. 10014 g3 24k 24|
AN FHDo] 7+ 2kt Fig. 10(a) do)A-&HA
AAGS &4 £5 1.5 m/ming EAto] 7pa &
skom ol ALHAFAHQ} @] B4k M=
g A=E eI

Fig. 10(b) &1 AEHAIZHOL &3 AE 55
kwel Eate] 7 AAgkow, #HolA&HAIHH
@9 @& QHET} HEito] ©3lth TIG £HAY
HO BEFH2)E do)AEHET ot ¥
A Yebgth 9 Figo 109 (b)e] ZAAEH
O % #HolALHANFTHO-@ gdFarflS of
240 kHzZ ¥=3hA] vEbg oy, TIG &X,;IAIUM
®t °F 180 kHz A= BEFIF g
Aze] ¢AAL Uehitty Berg aﬂow&
HAEHL 2 AqUATE 827 & W FJF
Qo]y _Q_zLH,] Eo] 1:] Z4 Z_}-"] god 1%7]. 7(4

A RS HolAH &4 &= 5 AHe| w

TIG &HAHA
A9 Fiol thEr, &R W
= golALHgHtt A dFAHo, BAalo
™, flexural mode’} Bolr] B-EFuld tyo
A YEhd Aolgt AAE T Hsu-Nielsen source®ll

SHALRHSUYX| H243 M52, 2020 108 9



Hsu—Nielsen source0i 2|st

—_ ) I w

0 S 0 S

S S S S
=

2

co’e)

=

00 00
[e@ee]
[eccce]
oO® O

Dominant frequency (kHz)
3

R 8 &
B & & R
& &\&‘ & &\&‘ &
& A & A <
& AT g N AT oY
& O N S
& SR AR A
s A P
F \;§ G
(@
300 F
f1
250 o o o o

Dominant frequency (kHz)

> o
5 n &
o R R 1R >
& & & & &
K & & & &
& AT e B AV & <
& R AR RS
& NS & & &
& PR N W
¥ & e § &
J & J

Fig. 10 Relationship of dominant frequency and
welding conditions. (a) laser welding of 5.2
kW and TIG welding, (b) laser welding of

1.5 m/min and TIG welding

o &g at= ol 14%394 2 Ay w 83
&S0 s e AoE AdHY, 84 WU
o WE YJIFUE U= ASE e
4.4 B
= = FAF G2 1, 5 2 25 mme] ZH)

Jﬂli(}-& 2D FA 6 mme &3 ZHAH A~
ABe AH83FY, Hsu-Nielsen sourceZ BHAJul&
BAAHT. AEd Ase AFE €83 A3
T4 Mo BT EAS B
ol AL o5 2o

1) Hsu-Nielsen source®llA] HZETH =
Labviews 8% At-Fa¢ Aoz EAS

B4 & Atk

hir

oX
ne

10 SAARZOIOX| H243 |52, 20204 10

FHHEHY

ol 2 STS316LL| EtAMmt EA

4
o H]OIX']%-@/\]@.-QS 4 A9 s,
A £% 1.5 m/mine] ZA A

Uepste

—_
i
2
K
N
N
o)
N
X

Author contributions

G. Y. Kim; Writing-review & editing, K. S. Lee
& Y. J. Tak; Investigation & Methodology, K. W.

Nam; Supervision

References

1. R. G. Liptai, D. O. Harris and C. A. DO,
1972, "Acoustic Emission", ASTM STP505.

2. A. G. Evans, M. Linzer and L. R. Russell,
1974, "Acoustic emission and crack propagation
in polycrystalline alumina", Materials Science
and Engineering, Vol. 15, Issues 2-3, pp. 253-261.
(https://doi.org/10.1016/0025-5416(74)90059-7)

3. R. N. G. Wadley, C. B. Scruby and G.
Shrimpton, 1981, "Quantitative

emission

acoustic

source characterisation during low
temperature cleavage and intergranular fracture",
Acta Metallurgica, Vol. 29, Issue 2, pp. 399-414.
(https://doi.org/10.1016/0001-6160(81)90166-8)

4. P. G. Meredith and B. K. Atkinson, 1983,
"Stress corrosion and acoustic emission during
tensile crack propagation in Whin Sill dolerite
and other basic rocks", Geophysical Journal
International, Vol. 75, Issue 1, pp. 1-21.
(https://doi.org/10.1111/1.1365-246X.1983.tb01911.x)

5. K. W. Nam and A. Mal, 2001,

of elastic waves generated by crack initiation

"Characteristics

in aluminum alloys under fatigue loading",



10.

11.

. J. 'W. Brooks,

.N. N. Hsu and F. R. Breckenridge,

.M. G. R. Sause,

471 -

Journal of Materials Research, Vol. 16, No. 6,
pp. 1745-1751.
(https://doi.org/10.1557/JMR.2001.0241)

M. H. Loretto and R. E.
Smallman, 1979, "In situ observations of the
formation of martensite in stainless steel", Acta
Metallurgica, Vol. 27, Issue 12, pp. 1829-1838.

(https://doi.org/10.1016/0001-6160(79)90073-7)

. K. Y. Kim, B. S. Kim, M. H. Kim, J. E.

and K. W. Nam, "Elastic Wave
Characteristics of STS316L with Degree of
Different Cold Rolling", Journal of the Korea

Paeng

Society For Power System Engineering (under
submitting).

1981,
"Characterization and calibration of acoustic
emission sensors", Materials Evaluation, Vol.
39, No. 1, pp. 60-68.

2011,

Pencil-Lead Breaks as

"Investigation of
Acoustic  Emission
Sources", Journal of Acoustic Emission, Vol.
29, pp. 184-196.

S. H Ahn and K. W. Nam, 2003, "The
Determination of Jlc Using the Time-Frequency
Analysis  Method", of
evaluation, Vol. 31, No. 4, pp. 347-351.
(https://doi.org/10.1520/JTE12176J)

S. H. Ahn, J. W. Kim, J. Y. Do and K. W
Nam, 2006, "Evaluation of the Corroded Pipe

by Time-Frequency Analysis", Journal of the

Journal testing and

01714} -

=

12.

13.

14.

15.

16.

= ru
gEz - 453

Korea Society For Power System Engineering,
Vol. 10, No. 2, pp. 89-92.

K. W. Nam and K. C. Lee, 2003, "Frequency
Characteristics of Acoustic Emission Signal
5083
Aluminum by Joint Time-Frequency Analysis
Method",
Technology, Vol. 17, No. 3, pp. 46-51.
1999,

location of acoustic

from Fatigue Crack Propagation in

Journal of Ocean Engineering and
"One sensor

M. Surgeon, M. Wevers,

linear emission events
using plate wave theories", Materials Science
and Engineering A, Vol. 265, pp. 254-261.
(https://doi.org/10.1016/S0921-5093(98)01142-3)
K. W. Nam and C. K. Moon, 2002, "AE
Signal Characteristics from Fracture by Type of
CFRP Stacking Structure", J. Ocean Engineering
and Technology, Vol. 16, pp. 67-71.

J. Xu, J. Chen, Y. Duan, Ch. Yu, J. Chen and
H. Lu, 2017, "Comparison of residual stress
induced by TIG and LBW in girth weld of
AISI 304
Materials Processing Tech, Vol. 248, pp. 178-184.
(https://doi.org/10.1016/j.jmatprotec.2017.05.014)
S. M. Jung, I. D. Park, K. H. Lee, J. Suh, G.
Y. Kim and K. W. Nam, 2020, "Study on

mechanical

stainless steel pipes", Journal of

properties of austenitic stainless
steel depending on heat input at laser welding",
Journal of Mechanical Science and Technology,
Vol. 34, pp. 117-126.

(http://doi.org/10.1007/s12206-019-1211-3)

SHAAHZUYX| K243 M52, 2020 108 1



	Hsu-Nielsen source에 의한 두께 및 용접 방법에 따른 STS316L의 탄성파 특성
	Abstract
	1. 서론
	2. 재료 및 실험방법
	3. 결과 및 고찰
	4. 결론
	References


