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Evaluation of Weld Defects in Stainless Steel 316L Pipe
Using Guided Wave
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Abstract Stainless steel is a popular structural materials for liquid-hydrogen storage containers and piping
components for transporting high-temperature fluids because of its superior material properties such as high strength
and high corrosion resistance at elevated temperatures. In general, tungsten inert gas (TIG) arc welding is used for
bonding stainless steel. However, it is often reported that the thermal fatigue cracks or initial defects in stainless
steel after welding decreases the reliability of the material. The objective of this paper is to clarify the characteristics
of ultrasonic guided wave propagation in relation to a change in the initial crack length in the welding zone of
stainless steel. For this purpose, three specimens with different artificial defects of 5 mm, 10 mm, and 20 mm in
stainless steel welds were prepared. By considering the thickness of s stainless steel pipe, special attention was given
to both the L(0,1) mode and L(0,2) mode in this study. It was clearly found that the L(0,2) mode was more
sensitive to defects than the L(0,1) mode. Based on the results of the L(0,1) and L(0,2) mode analyses, the
magnitude ratio of the two modes was more effective than studying each mode when evaluating defects near the
welded zone of stainless steel because of its linear relationship with the length of the artificial defect.
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Fig. 1 A traction-free, infinitely long hollow cylinder
with inner radius(a) and outer radius(b)
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Fig. 2 Schematic diagram of experimental setup
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Fig. 3 Guided wave modes generated by the laser
with slit of 6, 8 10 mm in the phase and
group dispersion curves for stainless steel pipe

Table 1 Theoretically predicted conditions such of
velocities, frequency and receiving angle
according to the change of slit gap

S ode | voloanty | veloony | freduency | "6coind
gap (mmi/gs) | (mmius)| (MHZ | ey
LO1)| 28 | 31 047 | 713
6mm [L(02)| 293 | 23 048 | 671
L03)| 355 | 22 058 | 495
Lo1)| 28 3.0 035 | 746
gmm [L(02)| 30 26 038 | 642
L03)| 39 | 225 | 049 | 438
LO1)| 276 | 29 028 | 780
10mm|L(02)| 315 | 275 | 032 | 59.0
L(03)| 436 | 245 | 044 | 383




Journal of the Korean Society for Nondestructive Testing, Vol. 35, No. 1: 46-51, 2015 49

ify oo
3

P

o

o o sk

S

B o gy

[ e
dlo i

oo oY

2 [o My o

2
T
M2
Y
H

o

fru

Jr
.

N =

S

a1

o

3

3

S

=

o

o

3

3

L o

)

°

N

o oo
i)
-
N
>
0
e
=
iy
=2

e Sistel A

[ to
[t
il
iy
P‘L
N
Ho
e
>,

R
e
rlo
i
-E [o
il
°
o,

b=

o

4
P\L
i)
A

il
¥
E Q@

M & B od0 0 Moo 4y T oo oo op R O © b ok . > 1o in

&
>
N
S
2
IO
L

S
M S oX
I
£
ol

P g
dlo
e
i)
&l
N

N

o 1o

=g
ac)
il

i
4
o
T
2
(2 N
=
S

mr\r
K3
2o s

N
=

o}

=
o
3

N 1{]
(11
1o,
5y

-

[6 >

T

w o
(1t
N
N
N
N
o
oG
S, =
Q‘L

&
)
5
(>
fol

offt £
TN o

1 o e o o to

)

P
N i

ot 3

bt
B
dlo
o
lo
i
ofi
!

i
rfu
:
[e]
= JPH ‘
a =
= 2
2
[
tlo [ )
ooy x4

o

ne)

T o

re
£

o

X

rr

5 8
o o
Sy
o, ©

3

3

lo

i)y
o, M

£ 8
I
[(@]
(82}
fl
S
3
3
)
b
i b 1o,
ff
N

ml o
>
oo
Q‘L

Ny

ot 2 odo wot
o, M

o4 2
£
> op

folr

B oo
il

oY [n
e

i
Table 1014 10 mm<]

°, 59°9} 78°% L%
g BAElTh A
Tl A Falzte] Aol 45 v RETE EA)
o] UEebdTh Z, 38°9AE L(0,1), L(0,2)¢}
L(0,3) Z=7}F vEbA T 590 &= L(0,1) B=
9} 1(0,2) Z=rk YEl}a 78°0 & L(0,1) =
v ST LO)REEY] A EA RE F

S 918 FalZbel Adaglel BE ZAmolA A
=89S AT T A% gz EA44
A 78°0 M= L(O01)EEY A& 7] (magnitude)
7y 74 ZA el 59°¢14 = L(0,1) L(0,2)
nro] Fyg Aol I Yehds & 5 A

El

o 38°0] A= L(01) LOE=S N5 A7]|7}

i)
iy
il

1

2

o

o
2

_1\1

rlo

L
i
e

)

2 o
=2
R
L
oL

o
k1
B
dlo
=)

in

T

Fig. 4 Guided wave modes generated by the laser
with slit of 6, 8, 10 mm in the time-frequency
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Fig. 6 Typical waveform of guided wave according
to crack length of 5 mm, 10 mm and 20 mm
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Fig. 7 Frequency analysis and wavelet transform of
guided wave according to crack length
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Fig. 8 Magnitudes of the modes vs. crack length
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Fig. 9 Magnitude ratio of modes vs. crack length
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