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Large scale FEM simulation of ultrasonic guided wave inspection
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Ultrasonic guided waves are being tried widely to apply for the long range inspection of
piping. Most of guided waves contain many wave modes with each different sound velocity,
so it is difficult to identify the defects. Computer simulation technique of guided wave
propagation and visualization is valuable to recognize beam paths of echoes. This paper
describes the numerical simulation results of guided wave propagation in pipes with several
defects by using a large scale three-dimensional FEM code. Procedure of modeling for guided
wave generation and receiving are described. The echo amplitude of inner or outer defects with
varying length (circumferential extent) or width (axial extent) are considered.[]

@EEED ;- Ultrasonic Testing (UT), Guided Wave, Piping, Wave Propagation,
Three dimensional FEM, inner or outer defects
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Improvement of SCC depth sizing capability by 3D-SAFT UT method in Ni alloy weld

g
U
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Stress Corrosion Cracking(SCC) phenomena in the nickel alloy weld have been increased
in Japan and in worldwide recently. But it is well known that the detection and depth sizing of
SCC by UT is difficult in Ni alloy weld because of the strong anisotropy of metallurgical
structure of weld and the complicated morphology of SCC. New UT technique which uses
three dimensional synthetic aperture focusing technique (3D-SAFT) has been applied to Ni
alloy dissimilar metal weld (DMW) which had EDM notches and SCCs. It was verified that the
3D-SAFT UT technique has the superior capabilities about the imaging of the shape of SCC,
the depth sizing possibility, and the depth sizing accuracy. [

CEYEED : Ni alloy weld, SCC, Ultrasonic examination, 3D-SAFT UT, Detection,

Depth sizing, Sizing accuracy
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Optimum Inducement of Eddy Current for NDE of Deep Lying Defects : an Analytical Approachl]
O

O000000o0oOoooooobOOOoOoOoOooood
O

Aline-current model is proposed to calculate eddy current induced by rectangle coils. Eddy
current induced by rectangle coils are analytically calculated using this model, and a coil
configuration to induce eddy current deeper into a conductive material is proposed. Optimum

excitation frequency is also calculated. [

CEEED® - NDE, Eddy current, Deep lying defect, Analytical analysis
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Fig. 1 Prototype of rectangle
circular coil.
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(a) Analytical result

(b) Numerical result

Fig. 3 Distribution of eddy current density on a defect-free plate’s cross section, induced by a

rectangle circular coil at 200 Hz.
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Fig. 4 Comparison of magnitude of eddy current
density, along a vertica line drawn from
the peak point on top surface to the
bottom of a conductive plate.
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Table 1: Excitation coils and the distribution of eddy current

ET IV ERBEE TR BE RERFBEIVI—E

£t 3.5 i
T 23 R J

%ﬁ@ 4!% 10 | e e IR R 2le f

7 L =B

B | Bk | 30 " el /

E%Z E-1of BT /

1w 2 "t : /

L _qal

£ 8 | [ ]

7[: I)|t/l. -- }(EI — 1B M2e /NG 4
gg —30 —20 —10 o] 10 20 30
g X(mm)

HEiES | D@

SHHSALUFTIA U,

\
RS

=
& 71: 1.25% E0EEEDE EEEEE0EE
2= 4
oo g F 30
T 159
B
[ih
W | m Lo
712 (L,
ﬂz Xo ! o
R X(mm)
£ 2 ) /
| T
* % _4 \ 2/e /
—6
(3 o X /
H £ w0 \\ //
| ~
AI —12
)’lf/ Eﬁé 0 C1a \\ 1/e /
£ 8 mmmmm, | L.
AL hd - e
M [ e e o ww
gboddooooooooboooooooooaoo ogooo
00000000oooDo1e0OOOO0OOOODO gddoooooboooooobooooooo
odooooooobooooolooHzO OO oOoo godooooooooooooobooooooao
oooooooouoooooooooooooo Ood0d01mmOO000O0000O0OO0O0O0OOO0O0
O0000o0ooooooooonod10mmd9mmO gooooooouodooooooboooooo

23 —
00000o0000000000000000 Vol6 2010



e} cocoooooooooooo

gobobooooboboboooobobong
gooboooooboboboooobobong
000000000 6824kA/m20 56.16KA/m20 O
oooboooboobobobooooobobonoo
ooooooooooon
gooooobobooboooboobobooon
ooooo0ooobOoboboooobobonog
goboboooobboooobbooobbooooo
gobobooobbooobbooobooooo
goboboooooboboboooobobono
00000000 self-nulling 000000000
oooboooboobobobooooobobonoo
oooboooboobobobooooobobonog
gbooobooboobooobogo
oboosommiI0O000000000DO00O000O00
goo0oo0oboob0obobOo0oboobOi18mmy
gooboooobobobooboobobooog
goboboooooboboboooobobono
oooboDooboobOobooboooboobgooooog
oooboooboobobobooooobobonoo
oooboooboobobobooooobobonog
od2000000 141kAa/m0000000O0O0OO
goooooooobbobbobobooooogogg
oo
goooooboboboooobobooon
ooobooobobooobboooboboooo
gooobiommbO0Oobooooooooboonog
ooo3mmbOO000000o0O0oobOoOoooog
gbooobogbOwooHzOODODOOO 14mmU
OO0O000 Current SheetOOOODOOOOODO
goboboooooboboboooobobonog
gooboooooboboboooobobong
gooboooooboboboooobobong
000000000000 0000D 4151kA/m?0
ooobooobobobooboooboobobogooo

(a) crack free

gooooog

gooooobooboboobooboboooon
ggbobooobobooobobooobbooooo
gogbobooobobooobooobobooooo
gogbboooboboobobooobbooobo
ggbbuoooboboaobobooobboooboo
oooooooooo

4.00000

gooooobobobooboboobobooooo
oooooooobobobooooobobonog
00000000 0D0OFrg. 5@UO0OO00On
OO0Oo0oOoDOO00d0OFRg. 5MmOOODOOOOOO
gooboooooboboboooobobonog
gboboooooboboboooobobong
goboboooooboboboooobobong
gboboooooboboboooobobong
ooobooooobobobooooobuobonog
OkOOOODODOOOODOODOOODOODOOOO
gboboobboobooboooboobog

goooooboboboooboobobooon
gooboooooboboboooobobonog
gboboooooboboboooobobong
gbobooooboboboooobobong
oo tooooooooggy
oooooooobobobooooobobonog
oooobooobooboobog

z/ 9, —Qrz

AB=x-j(z)-e“ =K-j,e % e 170

O000000o0bo0obodbj.opboboon
Oo0o0o0o0bOzOoooOooooooooos.0oOo
gooood

gogooboooooobooobbooobboon
gogbboooboboobobobooobbooobn

(b) with outer side cracking

Fig. 5 Schematic drawing of eddy current on the cross section of a conductive plate.
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Three Dimensional CT Imaging of SCC in Austenitic Stainless Steel[]
by Synchrotron Radiation and Laser Compton Scattering Gamma Ray
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In the previous paper, it has been reported that clear images of SCC in 2mm diameter
austenitic stainless steel were obtained by synchrotron radiation CT imaging.[

In this study, imaging experiments by higher energy synchrotron radiation than usual and
laser Compton scattering gamma (y ) ray have been performed in order to examine the
applicability of 3D CT imaging for austenitic stainless steel of dozens of millimeters.[]

As aresult, SCCinup to 10mm diameter SUS316L specimen could be imaged by 3D CT with
synchrotron radiation. On the other hand, SCC in up to 30mm thick welded joint was imaged

by laser Compton y ray imaging technique.

CCEEED - Stainless Steel, SCC, CT Imaging, Laser Compton Scattering Gamma Ray[]
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Effects of Carbon and Niobium Contents on Stress Corrosion Cracking Susceptibility of(]
Shielded Metal Arc Weld Metals for 600 Type Alloy in High Temperature Pressurized Pure Water[]
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[The SCC susceptibility of the weld metal was evaluated from the maximum depth and
number of cracks occurring during the CBB (Creviced Bent Beam) test in high temperature
pressurized water using plate specimens cut from shielded metal arc weld metals. When the
specimen received a heat treatment consisting of stress relief annealing (SR) for 72 ks at 893
K and subsequent ageing (LTA) for 720 ks at 673 K, however, the significant influences of the
increases in C and Nb contents on the SCC susceptibility were observed; the susceptibility of
weld metals with higher C contents ("0.07mass%o) decreased with increasing the Nb content
up to 2.6mass%o, but a further increase in the Nb content enhanced the SCC susceptibility
remarkably. The hardness increased remarkably with the Nb content, suggesting that the
higher stress was applied to the specimen during the CBB test, as the Nb content was
increased. Also, the weld metal that yield stress is high could be confirmed to high stress value
at grain boundary by FEM analysis. This increase in the applied stress is a possible factor that
contributes to the increase in the SCC susceptibility with the Nb content in the weld metal free
from the grain boundary depletion of Cr.

: Stress corrosion cracking, Alloy 600 weld metal, C and Nb contents,
0000y " phase, stress, FEM analysis
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Basic study on the residual stress occurred at welding start/end(]
[ — Effect of material properties and heat input on the residual stress at welding start/end by FEM analysis —
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The experimental measurement and FEM analysis were performed to examine the effect of
material properties and heat input on the residual stress at welding start/end. [

The residual stress distribution by FEM using the base-metal properties was good
agreement with experimentally obtained one. The analysis using the weld-metal properties of
higher yield stress resulted in higher residual stress than that of experiment. Welding heat
input, which was varied from half times to twice as much as the steady-state welding, does not
affect the residual stress significantly in this analytical conditions.

: Welding start/end, Residual stress, FEM, Material properties, Heat input

gooboooooboboboooobooboobooon

goobooobooooobooobobooooo
goobogogoboboooooooooWmoogobo
ggboboooboobooobobooobbooobo
ugbobooobooboabobooobbooooo
obooooooobobobooooobobonog
oooo*#poob0o0obooboboooboobo
gboboooobobobobooobobonbo
U0 FEMOODOOOO0DOOODOOO0ODOOO
gooboooboooobooobobooooo
gobobooooboooobobooobobooooo
gobooooooboooboobooobbooo
ggooaooobooboobobbiododougugreMOO
oboboooooboboboooobobono
oooobooooboooobooooo

21 00OODOOODOO
gogboboobobooobboooboooboo

O000D00O0O0Fg. 10D00D00ODOODOODOO
Ooousoo0lhooooooooooooog
Uoooogdnssmmd2limmx 211mmO SUS316
gdoddooooooooooys3leoooono
Table 1000000000 D0ODOOOOOODODODODO
0373KODOOOoOOO o080 1.2kd/mmO GTAWO O
obobooooobobobooooboobonDg
oOoobOooOO0ob0o0obO0OEe/EDQOO0DIDODOO
gobooobooooooooboobooooobobooo
E/SOO0000000OO00ODOOFIg 1000000

B {1
211 E/E :RERIK /
BEAR 5 E/S BER{K
/ BEH A
\4 3
oA ? Ay
55

24

211

Fig. 100 O0OO0OO0O0OO0OOO0O0OOOOOMm

JooooooO0ooooooooooooog Vole 2010



oobooobooooooooooocooon

Table 1000 OO0

ooo ooo goooo

gboobooog

good gooooo

1520 153A 8.20 12.8V 90 mm/min

0 373K

8 g/min 0.80 1.2 kJ/mm

oooobooboobooboooobolos3od
obAdO0O0O0O0OO0OO0O0OOOO0ODbObObOoDOg
O040600000000BE/EOODOOOBOOO
oooopbooOo0oOooe/ssooooOolg3ooOoag
obobooobobooBO00DOOOOO0OOODO
gboooooooboobobobobooog3sy
oboboooobobooboboooobooboooo
Ob00o00oobooboboognbogsoAd 3sOOdnog
oooobooobog

22 0J0OO0O0OOO0OO0OO0ODOFEMOOOO

gobboooobbodod1lmmobObogoooon
oo0oooooobOoboooobooogndrg.
1000b0010b04000b00000000 10
AN DOO000O03000e00bObOO0ODbDDOOO
30e000obOoo0bOoboboobuobobooboboo
oooo*sooboo0oboobobobooboobo
goooooobog

o =———(&+ns) 000010

I-pn

o,=———(5,+ug) 0ooo2o

I-pu
E : HEHMERRER. u c RT Vb, e, e4: OTH

Table 200 00000Fg. 2000000000
OO0OOFEMOODOOOQuick WelderDOQOGQOQOQO
oooogooooooboboboboiooooog
ooboooobobooovy3legoooooooog
goosuS3le0oooooonooooooonog
oboooogoo«ob0ooooboy3eoooonog
oooooobobOovysleooooooooog
obobooooobooboboboooboobono
oo0o0obOO00o0o0o0OOoD0ob0OoO0O0O0oDnDd Fig. 3

Fig.200O0O0O00ODOO

gobobooobooobbooobbooooo
gooobooboooobooooboobooooos
goigois00ooz2004000000

.nggogooooo
31 JbOoboooooboboboooo

E/ED0O0O0DO0O0O0OOO0ORg. 40000000
oboboooboooboboboooooboooo
O+ 20mmO000000DO0OO0O0O0O0O0O0ODOO
gbobooooboobobobooooobobo
goz2ommOommOO000000000O0O0O0O0O0
obobobooobooboboboooboobonDo
gbobobooobooboboboooboobonbo
gbobobooooobobobooooboobo
gboboboooooboboboobooboonbo
gboobooobobooobboooooboboooobo
E/SOO0000D000ODOE/ECDODOODOOOOOO
gobooooooooboooo

Fig. 3000000000 0ODOODOODODOO
ooooboooosBkKooooooooooooo
200MPal 0 0D000D0O0OO0OODOOODOOOD

Table 20 FEMOOOOO

ooooo oooo

oo-0ocooog

oooo oooooo ooooooo

30050006000 14000

200000

oooooo 0.7 1073K

00000o0O00o0000000000000 Volé 2010



gbooboboobobon

600 - 3000 = ;
BREA ] v MIEEEE | Y316
I -8 5US316 (k) ~@-SUS316 (X#k4)
400 2000
g
s I a I
=
200 '\\O\‘\ o
0 — . | 0 o—
0 500 1000 1500 2000 0 500 1000 1500 2000
BE K RE K
Fig. 3UFEMO OO0 0ODOO0O0ODOOOOODODOODOOOO
800 800
I INX 1 | /1SR4 [ INX 3 INR 6
600 600 | — B
//— \\/_
o 400 | s, o= o 400 |
s 1< s _ - s R o
R G O el O R SN Q R
2,0 2 500 :
0 —— KR1-4 WEE BEEE || 0 XR3-6 MEIE: mERE] |
— —KR1-4 WiElE B -e-- /XR3-6 WHE{E: B
r O HIFE /NR1-4 <& GHIFE /SA3-6
-200 : T -200 T
-50 -25 0 25 50 -50 =25 0 25 50
L&, mm(0mm: #£IHER) HI1E, mm(Omm: & iHER)
(a) BEBEFITARGIR 1-4) (b) BEHRFEITAR (R 3-6)
800 ‘ \ 800 S PRPae——
[ —RR14 pith sESE RSO MR BEER
H— = x1-4 il B4 Fl----/323-6 PpiklE: B4
5 Sx1-a o HITE /$R3-6
600 O HIFE /8R1-4 600
= \ / o O 5 -~ g = It
£ £ 200 AR
200 I \_/O £ .,' >
h™ < \ ; o
X e
0 \ , N -
< > <> .
L & O
200 L -200 ———
50 95 0 25 50 -50 -25 0 25 50

L&, mm(0mm: $&IHER)

(d) BEHEXRAMR (/13X 3-6)

HIE, mm(0Omm: & ixHER)

(c) BEMERTR (R 1-4)

Fig.40FEMOOOOOO0O0OCOOOOOOOREDOOOOOO

gobooboooobooobobooobobooooo
gogooooooooooobbbobobbobbbn

ggooooooooooobobbbobbobbbn
gogbobooooboooobbooobboooboo

JooooooO0ooooooooooooog Vole 2010



800

600

7 ~L7 Sf’?—
t /
A=

S
o
o

573, MPa
N
o
o

-200

800

600

N
o
o

571, MPa
N
=1
o

-200

800

600

-200

800

600

o
o
s

571, MPa
N
=
o

-200

HERMA /SR 1—4 F4T |

E/E

TSR 4

INR1-4 FEHEDO5E
— = /\R1-4 EEHBERL
NR1-4 EEED156E
NR1-4 EEED21E
n T n n n n T n

=50

=25 0 25 50

BIE, mm(0mm: #£5ER)

E/EREBE /XX 1—4 BEX |

IAR1-4 EEEBDO5E

— — KR1-4 EEHBERC
ISR1-4 EHEED1 56
ISR1-4 BEE D245

P S

-50 -25 0 25 50
G, mm(0mm: #£35HER)
E/S RERIA /XX 1—4 FEf7 |
\ Z
L »
] el O el
F INAR 1 INR 4
[ ISR1-4 EHEDO.56
— = \R1-4 TEHEFEL M
[ IRR1-4 EHEBD1.5ME
L INR1-4 EEEBD2UE
T n n n n T n n n
-50 -25 0 25 50
LB, mm(Omm: BA#RIHER)
E/S REEIA /XX 1—4 BEX |
I S /
N
L \\ 7
\V4
r INR1-4 EHEEBDO5E
[ — = XR1-4 EHEBERL
L XR1-4 EEED156
L NR1-4 EEHEBD21E
n n n n rl n n n
-50 -25 0 25 50

GLiE, mm(Omm: B4R IFED)

800

600

it 7. MPa

200

-200

-50

800

600

S
[=3
o

573, MPa
N
o
o

800

600

o
o
o

571, MPa
™
IS
S

-200

800

600

N
o
=)

57, MPa
N
IS]
o

-200

-50

oooooooooooooon

ooooo

RGBS X 3-6 F7 |

—

~Z7

A

I INR 3| /ISR 6

INR3-6 EHEDO5E

o — = /{R3-6 EELHEFEL
L /NR3-6 EEED15E
/SR3-6 EHED 215
PR I I

-25 0 25

GIE, mm(Omm: #17ER)

E/E SRERIK:/XR 3—6 FIT |

ISR3-6 EHEDO5E
— — /SR3-6 EHEELRAL
ISR3-6 EHED1.5%

/8R3-6 EFEBD21E

-25 0 25

LB, mm(Omm: #&iHER)

50

HERIK /XX 3—6 T4T |

Y 3

»

INR 3 - AV S

v

/SR3-6 EE D051

H — =/523-6 EELHERL
[ INR3-6 EHED1.56E

ISR3-6 EH AR D25
PR Y I

-25 0 25

L&, mm(0mm: I #R G ER)

50

T T
IRR3-6 EHEDO5ME
— — /XR3-6 EHEEERL

H /NR3-6 EHEBD1.5F
r IR3-6 FEHED21E

: />§—\

HERIK: /XX 3—6 FEAT

=25 0 25

fIE, mm(0mm: Sa#E 5 ER)

Fig.5000000000000000000DOOCOO0O0OOOOFEMOOMM

00000o0O00o0000000000000 Volé 2010

50



ElElEi) c ccooooooooooooo

gbobooooboboboooobobong
gbobooooboboboboobobono
gooboboooboobooobooobbooooo
goboboooboobooobobooobobooooboo
gogbobooooboooobbooobboooboo
gboooaoobodao

32 JbOOobOOoooooboboboooooon
00

Fig. SO E/EODO0O0DOOCOE/SOODOOOOOO
oooogogoooobboboboboooooooo
ogboboooobobooboboooobobonDo
oobooooboooboouooboog
gbo2ommOOmmI0O00000000O0O0OOO0O
obobooooobooboboooobobonDo
obobooooboobobobooboobonDo
gboboooobooboboboobobono
goboooooon

oooooobooboooboooboboooon
oooooooobOonbo20mmOO 10mmOO0O0d
oboboooooboboboooobobono
oo0ooobooobooobobooooodommO
200mmUO0O0O00O0O0O00OO0O00O0O0000OO0
gbobooooobooboboboooboobono
gboboooobooboboboobobono
gobooooooobooobo

oooboooboobOooobooobobOooon
ooooooboobooboooooobooooos
g20000000b00ob0boOoobOoboboobo
obobooooobobobobooobobonbo
obobooooobooboboooobobonDo
gbobooooobooboboboooboobono
gbobooooboboboboobobonbg
gooo

oooboooboobOobooboooboobOoooon
ooooooorFrEMOOODOODOODODOODOOO
obobooooboboobobobooobooboooDo
gobooobooboooboooboooo
000000obOboo0ooboboooobobooon
gboooboobooboooboooooo
20FEMO000OD0OD0OO0O0ODODOODOOODO
gboooooboboboboooobobo
goboboooooboooboboooobooo
gooooobobobooboooboboobo
gooobooobogon
20FEMO0O0O0ODOODOOODODOOODOODO
gboboboboooooso2000nbouonO
goooboooooobooooom

oooo
10000000000000000000000
O000000O0O0FEMOOOOOOOOOO
00000000000 OMODO0O0O0OODOO
00000 O 770 O 2005010 294-295
20000000000000000000000
00000000000 MO0NNOoooNononon
00000000O000000 000000,
Vol. 50 2009011 pp. 40-43
300000000000000 00000000
000000000 197200 344
40000000000000000000000
O00000000000FEMOOOOOOO
0000000000000 00O00O0oOn
200601 0 0 0 O Vol. 20 2006(T1 705-712

ooooo oooo oooo

— 44 —

JooooooO0ooooooooooooog Vole 2010



EEEEL - coooooooooooooo

oottt odoodbo
Juooguod
0

Residual stress measurement using neutron diffractionl]
for weld start and stop of girth welded stainless steel pipes

O0o0o000oooooooooo 0oood

O

Tensile residual stress at weld start and stop may be higher than that at steady regions, so
the SCC susceptibility is relatively high at weld start and stop. The weld residual stress was
evaluated by both experimental and analytical methods. Specimens were fabricated with non-
filler welding to simulate a girth weld with V-groove. The residual stress was measured using
neutron diffraction method and analyzed using 3 dimensions FE model. The experimental
residual stress agreed qualitatively with FEM predictions.[]

C&EEED - Residual stress, weld start and stop, girth welded pipe, neutron diffraction
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Short Note on Wall-Thickness Formula and Temperature-Dependent Parameter[]
[ for High-Pressure, High-Temperature Piping
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The wall-thickness formula which is referred in Kagi-Kaishaku, rule for construction of
thermal power generation facilities, is a equation for caluculating the minimum thickness of
pipe and/or tube under internal pressure, and the formula is similar to one defined in ASME
Boiler and Pressure Vessel Code, Sec. |, PG-27. The temperature-dependent parameter is
included in the formula, when the tubular product is applied to high-temperature piping, the
parameter is high value as compared with one for low-temperature use. As a result, the
minimum thickness is relatively small as compared with the thickness for the low value. In the
short note, the historical review, which the temperature-dependent parameter was led to the
modified Lame formula was carried out, the direction for temperature-dependent parameter
determination is represented in order to establish the parameters for new materials applied to
high-pressure, high-temperature piping.d
0
oooo : Cylindrical Shell, Internal Pressure, Minimum Thickness, Bursting Tests,

Stress-Rupture Tests, Creep, Ferritic Steels, Austenitic Steels, Nickel Alloys,
Allowable Stress, Boiler, Pressure Vessel, Piping, ASME
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