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(Study on Heat Input Model and Influences of Material Properties on Welding Residual Stress)
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First, basic FEM heat input models for temperature analysis were studied by conducting bead on plate testsand

temperature analysis using ABAQUS code. Results show that heat input models can be estimated by using welding

conditions and the test results obtained in this report, without conducting additional temperature measurement tests.

Second, influences of heat input model shapes and material properties on welding residual stressin pipe girth weld
were investigated by using ABAQUS code. Results show that temperatures will be affected by differences of heat
input models but the stresses are not affected. Investigating the influences on residual stresses by the differences of

material properties, itisconcluded that thethe as-welded property resultsare convative valuesand the stressrel eased

property results are close values to the measured stresses.

:Residual Stress, FEM Analysis, Heat Input Model, Material Properties

FEMOOOOOODODOODODODOODOOODOODOO
goooooboboooboooboboboooo
goooooboboboooooboboboooo
gooooooooboobooo0o0o0ooogogg
gooooobooboboooooboboboooo
gbogooooboobobobooobobobooo
gboooooboobobobooobobobooo
gboooooboobobobooooboobobooo
gogoooobobooobooobobooooo
gboobooboobooboonboo

gboboobooobobobooooobobon
goooooboboboooooboboboooo
O00ooooOo*™oo0ooo*0o00oooo
goooooboobobobooobobobooo
goooooboobobobooooboobobooo
gooooobobOooobooobobooooo
gboooooboon

gboboobooobobobooooobobon
goboboooobob-boboooooobooboo

gooboooboobobobooboobobooog
gooboooboobobobooooboboooo
gooboooboobooobooobobooooog
goobooobooboboobooobobooooog
goobooobobobooboooboboboooo
gooboooboboboobooobooboboooog
gooooobooboboobooobooboboooog
goobooobooboboboobooboboooog
gooobooboo

21 J0O0O0ODOO0OO0OOOooOOoOoboOoOoo
oooboobobOooobOoOooDbbsuss3o4n
0 0380mmx 500mmx 25mmt0 00000000

gbobogoobovyssLooooooooooooog

OO000O0GTAWOODOTablelDOODODO 10 30
gooooooorFEMODO ABAQUSOOODODO
00o00doo0oooooooooooooo*ood
gooboooboobobooboooboobooooog
gooobobooboooboboooboboooog
oooooooooooooooboboobooono

— 3 —

000000000000000000000 vol.2 2006



ElEEE) cccooooooooooooo

TablelO Welding Condition of GTAW

EC \Y HI
oan | OVE pemimindo kymmg)  Note

1| 150 115 9 1 Base
2 225 | 115 14 1 Note 1
3 225 | 115 9 1.7 Note 2

EC: Electric current

V: Voltage

HI: Heat input

Notel: High current, high velocity
Note2: High current, high heat input
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X
oD 350mm
Total length 400mm
Thickness 25mm

Figl Pipe Girth Weld®"

Table20 Welding Conditionsd

Welding | Welding GTAW
condition | method

Velocity 9cm/min

Heat input | 1 kJ/mm
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Outer Surface

Inner Surface

Fig2 Welding Process™
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Fig.3 Numerical Model of Heat Flux Input®”
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Outer Surface

Inner Surface

Fig.4 Welding Process®™
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Fig.5 Temperature dependent material properties®

Base
Evaluation Line \/
Weld
Inner Outer
Surface Surface

Fig.6 FEM Model*”

31 JO00Oboooooooobogon
gbooboboobooboboooobooboo
OFg700000000DOO0OFQ7O0D00O0O00OO
goboobboobboobooobooobob?2
OoooOoOoOoOooOO0O0OFrg8O0O0OO
0000000000 0Db00000 FigoOdDO
gobooobootbooboboobobooooog
t0o0otwoobooooouooooooonbDteUbO
oooooobobooobogooobDeboononDo
gooooobooboboobooobooboboooog
gooboooboobobobooboobobooog
goboobooooboobooboboon
ooobobooobooboboobooobooboo
gooboooooboooobolgoos3ooog
O000FrgloOOOOOODOODOODOOOO
goooooboboboobooobooboboooog
gooooobooboboobooobooboboooog
gooboooboobobobooobobobooo
gogoboooboobobobooboobobooo
goooboooboobooog
obobobooobooboboboooboboo
gogobooobobooobooobooboboooog
gbooooobooooboonoo

000000000000000000000 vol.2 2006



ElEEE) cccooooooooooooo

2 —@——Casel

= —aA —Case2
%]
8

) T

=
=i
= Qa
c >
g Qo
5 B
gx
b
5
z
]

0 5 10 15 20

Time O] secU

2 —@&—Casel

s —A — Case3
@
I
o o
Ed
- Qo
S >
g o)
el
3 0
gx
£3
5 £
T2
]

0 5 10 15 20
Time J secO

Fig.7 Heat input model for different welding conditions
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Fig.8 Comparison of Temperature
O for Case 20
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Fig.11 Residual Stress Analysis Results®™
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Figl2 FEM analysis & measured results®”
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(The Influence on Weld Metal Structures on Flaw Detectability

by Ultrasonic Test in Nickel Base Alloy Welds)
B - ERERERE 24— W R
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Ultrasonic Test (UT) method is the most appropriate method in many kinds of non-destructive test
methods because of capabilities for detection and depth sizing of flaw. But it is generally said that
the flaw detection in nickel base alloy welds is more difficult than that in ferritic steel welds because
of dispersion and attenuation of the ultrasonic wave. Therefore, influences of welding conditions on
flaw detectability and signal and noise ratio (SN ratio) of UT in nickel base alloy welds were
investigated. Tested weld joints were prepared with multi-pass by gas tungsten arc method.
Specimens having a slit electrical discharge machining in weld metal or in heat affected zone were
tested by a longitudinal wave of 5 MHz in frequency and 45 degree in incident angle. Obtained
results are as follows. Welded joints having columnar structures with the same growth direction
showed high SN ratio that means good flaw detectability. Effective welding conditions, which make
the columnar structure to be the same growth direction, were confirmed by the application of
weaving or magnetic stirring. Same growth direction in columnar structure means same angle
between the columnar structure growth direction and the ultrasonic wave propagating direction.
Then, ultrasonic wave has almost same velocity in the weld metal, and the acoustic impedance will
not be varied. High SN ratio may be caused by above phenomena.

CETTIED : Nickel base alloy weld, Ultrasonic test, SN ratio, Columnar structure growth direction,
Weaving, Magnetic stirring
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5. LML, ZILETITSN LIZER L, 4R
HHA% & ORFRICHOW TG L7eiFFEi i E & A 81T
DILTCWR -T2, F 2 CTAZETIY, =v /b
FABOWRESEMAR L SN FEORIRIZ OV T
EAEITV, UT 12X 2RI TSR
HERROMBESAE DN TR 21T o 7.

2.1 FH@EEERFOER
2.1.1  REE&EHEHERER O/

R 77 v MZBT D=y I NVIEASUER
BIOMAEIT O G, AL CIIHEMZ 24
WP THO= v r VA —= v T VIR AT
B, Q= T NVIB e~ — AT A FRAT
> VAR OV TR 21T 72

Table 1 \ZIRBESME 27T, RBEAL TIG IRBECIT
VY, EEABNTR 1 kmm & L7s. SR =
I NVEEAT A v (JIS Z3334 YNICr-3) % FHV V=
VAR Y 4 — B T RAT T2, —HROMTIT
BTORRE T 4 — o T CIEE AT 7.

Table 2 Welding condition for tested joint

T Bage Weld Groove angle [ Current | Voltage [ Welding speed | pooiyion | Weaving Wire feeding
Y| motal | motal a ) () () (an/s) width (am) | speed (8/5)
1 | Noreoo - -

wier-3| 30,60 109 [ %% 1.0~1.5 flat 0~4 -
m | susaos : g

MTORIBRIZHHEI L CTREE 15 mm & LT,
Fig.1 |97 28U E L7z, Kipe LT, [HFR
03mm, m32mm, EHERFRAIC 12 mm DAL
e (EDM AU > k) ZfH5-ULiz. AU > MiEld,
Fig.1 @\~ d & 91, WIERIOERER) D 3 mm B
AUz HAZ L WD @ R Juiho 2 e L,
Kx DAY v FOEE RGO RIX S 720
X9, BRI NS SAE- LT-.

5304 or NCFG600

12

3
140 Ty =EDM slit
(a) Heat affected zone (HAZ) and center of first layer

/.~ 518304 or NCF600
140
(b) Center of final layer

Fig1 Two types specimens with EDM slits for
evaluation of flaw detectability

_9_
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b AUy MATE L, R ORI THER S
il Oy
2.1. 2 EREHRIFEER F DR
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DLFIRBSEDMFET D Z LIFAL BTN D
O Zo7=0, SRR 74 F2H)
L7z, WRBEAEVER 10, 24, 54kI/mm O 3 /KA
I SRR A A ERL U7, Fig.2 (R i BRI
kg, BRSEIN L2175 7= SUS304 A ZFEE L,
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%12 0 25N L 0 k7.

Fig.2 Processing procedure of specimens applied to
acoustic velocity measurement
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Fig.3 Schematic illustration of UT procedure
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Fig.4 Example of measurement results (continuous line
area show the flaw echo, dashed line area show
the noise)
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Fig.5 Effect of weaving on SN ratio in the case of type
and [1 specimens (inside inspection)

e I S A T4 — LY — vol2 2006




Ni FS-BOPEGR R & AERREN L D KErRHEOBER

Groove angle : 30 ° I Groove anzle: 60 °

Tithout weaving

(a) Without weaving (b) ®ith weaving

Fig.8 Macrographs of transverse cross section in type

§ welds
6500
6300
__6100 ————f?‘—\i‘
w A
Fig.6 Macrostructure of transverse cross section in case 55900 / q
of with and without weaving in type 1 specimens 5100 4
(inside inspection) ' 5500 .//
s 5300
n1.1 kd —
Tunesten:élect rode=2» Molten pool '1__, ' E i;gg 2.4 kdfm
Arc 2 | | 5.4 kJ/
- 3 4700 | : T im
4500
0 15 30 45 60 75 90
6 )
(a) ithout seaving (b) ¥ith weaving Fig.9 Relationship between 8 and acoustic velocity
Fig.7 Schematic illustration of molten pool configuration
in the case of (a) with and (b) without weaving
5.0 —{ATypel. with weaving, center of first |ayer EDM slit
aTypel. with weaving, HAZ EDM slit
2 il 4 o5 R e e Sl
#@éf.‘z k l/’ /E\jfcié% 1 ij:UZ @Fﬁﬁ ‘—% 4.0 |— .};DSE: m:: weaving, ﬁ:gtg[rmoflhtrst layer EDM slit
@ [ype Wi weaving, sl
JHREEROET (2) Kckbahal 3.5
23.0 e
R=(Z-Z)/ (Z#Z)  (2) B,s || | [* !
72120, Zi= ovi, = oo 320 ——=t—y.
R IIEERHE COTEDSUNE, Z,, Z, 1 3WE 1, 1.5 i
1.0 : THe,
2 @Si‘-éﬂl'ﬁ/]’ /t»—é? S 1 0ol iq:@ﬁﬁ 2 o \i L S R 5
iﬁﬁﬁmﬁ%«ﬁi@ﬁ%«p 5,2, 2 RS ¢ R L6 BERRIE R ®E
WEEIRLS 225, 22T, BT OBERD

- R R " Fig.10 Effect of weaving on SN ratio from outside
Ea5 20 L &, BEN—ELRDTD, inspection in the case of type and specimens

HWOUIZE BT HMEN B 5. Fig9 (e 5
MHz (Z331) DEE WO ANH 510 EARRFA O E
FRIDIT A 0 12k D EEE T EHEAZD
WERTE LTI, BEIL0=45° »Eb
B, 0=0°, 90 ° TELRDMEmERL.
FEREORESF DRI D & 0 1XTF—E
LR DT, BERE DRI 5 EHDZE
{72720, (2) NTRTHFEAS v B—F
ADFE Ty~ I NEL 72D, LIED-T, R
R VNS 725 2 E0nh, FRRBORE I A —
TN D AETIE SN &L 72 b B2 b, Fig.11  Definition of 8 and Bour

A e R R o de—  Hiflfl 22— vol.2 2006



AENFEORSMRERICET 5HR

o
E=3

[ |
From inside (8 ,) [Weld metal

o
L
|

P

o
=]

z —

/ Type I :NCF600 |

Type II :SUS304 |
From outside (@gu)

E-
(=]

Acoustic impedance (MNs/m")
-
[--]

F O S
(=T R

0 15 30 45 60 15 90

6()

Fig.12 Acoustic impedance of weld metal, NCF600 and
SUS304 in the case of inside and outside
inspection

3.4  RBBHIEASSN HEIZRIFIEE

Fig.10 (27 — ' 7 HHEOMFIZIT 4N
RGOS EIERIEEE S SN FeORRERT.
Fig.5 OWIEHRE & FRRICEERC Y 4 —E v 7
EATOTMTFIT SN L3 ER-L, vr—EV 7D
ShENFRD HTZ. L, Figs TlEv 4 —Ev
TEATSOT-HFART, Y, RS ROmEE
B L CIRIER U SN L TH - T=DITHE L,
Fig.10 |~ P95 & HAZ 1245 L7= EDM
A2y NOEEE T, s o LRI
RBIRoT. OB, RIORT XD ITEE
N % VANl A NN s RN SN v ST
TOFEA = ZADIAOABEN L
WA EEZBND. Figll (ORT LI, #EH
DNFIT T EFEREEORRE ST & OAEZET, N
PRI A 0 , SMEEREIRFZ 0 our L EFRT D &,
BELI-ETOMTTONET~12 %, 0ou=70~
79 °© ToH-o77. Fig 12 [THERFH O NS 710 EFRR
BaDREF D729 0 1Tk 1A RO 52
A U= ADE A, MFRAT, Tofkx
DOEFSTH D NCF600 & SUS304 DA v’ —
HoAEEBITRT. RSB OEESA L —H
VALY, WHEE TIE NCF600 & SUS304 DIEIE
HNCAZES 2203, ShmRE Tl NCF600 D &2
A E—H AL 72D, LIERoT, R
Ri% (2) MTRLIELIITEEAS v E—H R
DZAFLKT D728, WIS CIERHZBIfR7
SRMBFEULEZRD. ZDi=d, MFARAT LNIT
I, SRR X% SN AN EIXH

ClZipol=bd EZ DD, —F, SMNEFRET
VR T O AT K 0 R & b
JBOTEAL LK ADFEN NS, S
R /PSR, HFATOFNIT LY SN
ensmil fpoiz B2 Hib.

4. FHROFER/EE

Ak, FERE ORI DM T in R D
SCC R CHOWT HEHIiZA TV, T CRIED
AU, REaBHEECEN = v S VRSSO
P LT, AWMECEM LTS 2 HERE T2
ZLIATE .M SCCHEZRIEN &2 X 5 Thi
1T, WRERERT O FOBRND, S5
SRR L 725

e - I s A R i o —  FiL Y a— vol2 2006




SE3

[17Y. Horii, T. Furukawa, S. Nishikawa, H. Yoneyama and
N. Uesugi: Study on Improvement of Weld Metal
Structures Suitable for Ultrasonic Testing of Austenitic
Stainless Steels , Seventh International Welding
Symposium (2001) 725-730.

[2] S. Nishikawa, T. Furukawa, H. Yoneyama and Y. Horii:
Ultrasonic Propagation and Weld Metal Structure of
Austenitic Stainless Steel Welded Joints, Preprints of The
National Meeting of J.W.S., 78, (2001) 116-117. (In
Japanese)

[3] S. Suzuki, K. Takamori, K. Kumagai, S. Ooki, T.
Fukuda, H. Yamashita and T. Futami: Evaluation of
SCC Morphology on L-grade Stainless Steel in BWRs,
Japan High Pressure Institute, 42-4 (2004) 12-22. (In

Japanese)

Ni BRSOl ERR & R TREIC X B KR EDR R

[4] T. Aoki, S. Higuchi, H. Kobayashi and S. Shimizu:
Evaluation on Ultrasonic Examination Methods applied
to Ni-base Alloy Weld including Crack due to Stress
Corrosion Cracking found in BWR Reactor Internal,
Maintenology, 4-2, (2005) 37-44. (In Japanese)

[5] T. Arakawa and Y. Tomisawa, The Improvement of
Ultrasonic  Characteristics in  Weld Metal of
Austenitic Stainless Steel Using Magnetic Stirring
Method , 9" International Conference On
Nondestructive Evaluation In The Nuclear Industry,
(1988) 211-214.

[6] K. Kimura: 25Tk & OV EAEE OB S

{5, 1 AT BRI AT 143(1989) 20-22.

[7]J. Krautkramer, H. Krautkraimer: 85 B

— i & IR OBFR) , AAHERHA(1980) 21.

,n-;

B e A R 2 —  HfL Y — vol2 2006



ElEEE) ccoooooooooooo

PDIULOOOMMIOOLO00oogoogn

Evaluation of Acceptance criteria of Japanese PD code
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This paper describes reliability of crack depth sizing accuracy on ultrasonic testing method. Acceptance criteria
of the Japanese Performance Demonstration Code (NDIS 0603 Appendix) are evaluated by applying the statistical
datatechnique. When the personnel who passed the PD tests measuresthe crack depth, the probability that the crack
depth sizing error becomes -4.4mm or less is estimated with less than 5%.

Performance Demonstration, Stress Corrosion Cracking, Depth Sizing, Statistics
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Depth Sizing of Partial-Contact Stress Corrosion Cracks from ECT Signals
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A partial-contact stress corrosion crack (SCC) is electrically modeled as a crack region with non-zero
conductivity in eddy current testing (ECT). This partial-contact effect is excluded by an optimally designed crack-
conductivity-insensitive depth characterization signal function (DCSF), and consequently the master curves

obtained from electric-discharge machining (EDM) notches can be utilized directly in the depth sizing of SCCs.

Furthermore, acrack conductivity independent artificial neural network (ANN) isconstructed so that the entiredepth

profile can be reconstructed regardless of the crack conductivity. These two approaches are numerically validated
and applied to the characterization of SCCsin SUS304 from measurement ECT signals. The average depth of each
SCC isfast estimated from the DCSF, and the detailed depth profile is reconstructed from ANN. The ECT depth-
sizing results show reasonable agreement with UT-TOFD measurement.

Eddy current testing; Stress corrosion crack; Depth sizing; artificial neural network; Crack

profile
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Tablel Composition of the estimation
and true crack depth

true (mm) |average (mm)| Stdev (mm)
1 13 0.01
2 15 0.04
3 3 0.16
4 45 0.22
5 54 0.13
6 59 0.14
7 6.2 0.34
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Fig.7 Depth profiles of SCCs reconstructed by ANN approach.
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Improvement of Surface Defect Detection and It's Shape Recognition by Eddy Current Technique
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The purpose of this study isto propose new signal processing methods for discriminating the surface defect from

the base line signal's caused by weld etc. and restoring the surface shapes of flaws from eddy current testing (ECT)
signals. A linear discriminant analysis method isapplied to ECT signalsembedded in multi-dimensional state space

to identify flaw signals form background noisesin prior. A new concept of egquivalent point spread function is

introduced, and the real flaw shape is restored by utilizing a deconvolution filter based on Richardson-Lucy

agorithm. An EDM notch covered by large welding noisesisidentified and the length of thisnotch is obtained from

flaw shaperestoration. Furthermore, thismethod isapplied to the surface shaperestoration of stresscorrosion cracks
(SCC) and the surface shape of a complicated SCC is restored.

Eddy Current Test, SCC, Linear Discriminant Analysis, Deconvolution Filter, Point Spread

Function, Line Spread Function
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(a)Response to line flaw

(b)Response to point flaw

Fig.5 Experimental results of spatial response to line
and point shape flaw by Pancake probe
(C-scope of real component)
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(a)Response to line flaw

(b)Response to point flaw

Fig.6 Experimental results of spatial response to line
and point shape flaw by Cross-coil probe
(C-scope of real component)
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(a)Parallel scan profile (b)Perpendicular scan profile

Fig.7 Comparison of spatial response profiles of ECT signal
amplitude in parallel and perpendicular scan of line
shape flaw] Solid line: Cross-coil, Dotted line: Pancakel
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c[ C-scope of LSF d)C-scope of equivalent PSF
Fig.8 Line Spread Function(LSF) and equivalent Point
Spread Functio] PSFOof Pancake probe
0 Solid line: calculation, Dotted line: Measurement
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(a)C-scope of extracted flaw (b)Reconstructed flaw

Fig.10 Experimental results of C-scope images of
reconstructed flaw shape
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Fig.11 Shape reconstruction results of parallel scan
profile of line flawO Solid line: Original profile,
Dotted line: Reconstructed profile(
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Fig.12 Reconstructed results for artificial SCC flaw shape
O Left: C-scope image of original signal amplitude,
Right: C-scope image of reconstructed shapell
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Fig.13 Surface photograph of SCC test peace
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Nondestructive Evaluation of Irradiation Embrittlement
of SQV2A Steel by using Magnetic Method

goboooobooobbo
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goobooooobgon

Irradiation brittleness of SQV2A steel was evaluated by using magnetic methods nondestructively. Thermal
aging (TA ) and electron beamirradiation specimens(El) were prepared for the basic examination to evaluate aging

effect and irradiation damage separately. Electro-magnetic properties and hardness of specimens were measured.

The micro-structure of each specimen was observed by transmission electron microscope (TEM).

Micron-meter scale Cu precipitations were observed in the case of TA by TEM observation. On the other hand,

nano-meter scale Cu precipitations and disl ocation around the preci pitationswere observed in the case of El. Micro-

Vickers hardness of TA specimens decreased with aging temperature and time and vice versato the El specimen.

B-H curves and higher harmonics of AC magnetization signals were sensitive to micro-structure changing of both

TA and El specimens. Theintensity of the 3rd harmonicsincreased linearly until 100 yearsof an equivalent operation

time of nuclear power plant at temperature 573K calculated by using Larson-Miller parameter.

Keywords : SQV2A, Irradiation embrritiment, Aging,TEM
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Appendix 32, local thin areasin Cylindrical shells and in spherical segments of shells, was issued on ASME,
American Society of Mechanical Engineers, boiler and pressure vessels code section VI1II division 1 in 2003
addenda. Therule permitted acceptablelocal thinareasin cylindrical shellsand so on under internal pressurebeless
than required thicknessrequired by UG-16, UG-27 or UG-32 asapplicable. Thelocal thin areasoninsideor outside
of cylindrical shells or spherical segments of shells designed for internal pressure are acceptable. This note
summaries the strength of the local thin areain accordance with the background papers which reported in order to
evaluate the strength of pressure vessels, pipes or tanks that contain alocal cylindrical section of reduced thickness

and so on.
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