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Creep-induced nonlinear ultrasonic change in ASME Gr. 122 steel welded joint

Toshihiro OHTANI, Masaaki TABUCHI, Hiromichi HONGO, and Masahiko HIRAO

Abstract:

We investigated the evolutions of two nonlinear acoustic characterizations: resonant frequency shift and
three-wave mixing, with electromagnetic acoustic resonance (EMAR) throughout the creep life in the welded
joints of ASME Grade 122, one of high Cr ferritic heat resisting steels. EMAR is a combination of the resonant
acoustic technique with a non-contact electromagnetic acoustic transducer (EMAT). We used bulk- shear-wave
EMAT, which transmits and receives shear wave propagating in thickness direction of a plate specimen. Creep
tests of thick welded joints specimens were carried out at 873 K, and 100 MPa and interrupted at several time
steps. The two nonlinear acoustic parameters and ultrasonic attenuation decreased from the start to 50% of
creep life. After that they rapidly increased from 80% of creep life to rupture. We interpreted these phenomena
in terms of dislocation recovery, recrystallization, and restructuring and the initiation and growth of creep
void, with support from the SEM and TEM observation.

KEY WORDS : ASME Gr. 122 steel, Welded joint, Type IV damage, Nonlinear acoustics, Electromagnetic acoustic
resonance, Non-destructive evaluation
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Fig. 1 Shape of welded joint specimen.
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Fig. 2 Generation mechanism of the polarized
shear wave by magnetostrictive effect. Hy, Hg
and H; denote the bias field, the dynamic field
and the total field being composed of the vector

summation, respectively.
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Table 1 Chemical composition of ASME Gr. 122 steel (mass%).

Cu Ni

Cr

w Mo v Nb Al

0.11] 0.28 | 0.62 | 0.015 | 0.002 | 0.98 | 0.39

10.54

1.82 | 032 | 0.19] 0.05 | 0.001 | 0.063| 0.003
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Fig. 5 Evolutions of (a) the nonlinearity with
three wave mixing , and (b) the
fundamentals  and interaction = wave
amplitudes at HAZ in ASME Gr. 122 steel
welded joint during creep ( 873 K, 100
MPa).
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MPa).

42 g

7 U — 7 iR L OKRMEAM O HAZ 5 To
T & 540 % Fig. 7\, BRI, BBRA O
RO TFTREND B DT THDH. ZDOESEIIC
WA <, EEMEAL SN TNZ0 69,
t/tr=0.46 TIX, IAEEAJR TIIRERM L5 &,
BB T LT 22, iz AL EE
DOV, thr=0.92 DI T, WEEER D
1.5mm {37 £ Tl & 7% 20Hv BER T LTV 5.
BB ER IR A & K& ez /ev.  HAZ B
FOVAHEG B I T t/tr=0.92 LIRRIC K & R £ 7~
IR LR E TS Z LR LTV,

EBSD B X' TEM 12 L Bk HAZ &0 7 ) —
TR OB S ARy, BIEERTIT ERmNDS
WIE D 1/3, YRR B AFE T MK 1.5mm
Il-#ik: HAZ 5 CT& 5. Fig.8 12 EBSD HIEI
X 20k HAZ S80GSR & 73, R4 (t/tr=0)
L titr=0.92 T 5. t/tr=0 TIL, FEdWRIEEN A &
D H/ANE<,10~20um Tho7-.  t/tr=0.92 13,
RFAM L0 BRI NS oz, RA R
NEIE ISP DR, Zinb o EBSD #
ELHE LD KAM 36 K ORI R & 23 L7,

SEI, Rl M ttr=0) & 7 U — 7
(t/tr=0.46, 0.82, 0.92, 1) DAk HAZ > TEM %l
BROFEPART. thr=0 T, 7 AMMBHELZ
LEHHOY T T LA R R KT, T A KRR



MM TRRFAARE o518 H15

A on7z(Fig.9(@). K& Z 0.5um LLFOD MasCs ,
MX 5 L O CreN Alg2 S iz, Fig.9(b) D
t/tr=0.46 DN FE I, t/tr=0 & 1ZIE[E U2MEMNT
WHOLTWBEIITRZD. L, RERMT
TR B 7030 72ckE8=° Laves fHMEZL S 7=,
t/tr=0.82 TIZ, t/tr=0.46 X V & ERALEEFE DK [A]
HEDHE A TR B B 72, t/6r=0.92 X° t/tr=1 T
13,0 o 9 [B11 3HE A TEREE B3 BE DA AR 12 72
> TUN~.

360

T T T T
.122 welded joint
Gr welded jomn — :t/t =0 (Before creep)

. 320 , Fusionline | .0 -1/ ~0.46 (7,540 h)
23201 A= 1/1=0.92 (15,080 h)
T —0— :1/1=0.98 (16,080 h)
2 i
Q280 0
5 Q 873K, 100 MPa
5 N \
<=
=}
5 2400 S
s Y

200 ,WEId metal Base metal
N TP e o B o

2 -1 0 1 2 3 4 5 6 71 8
Distance from fusion boundary (mm)

Fig. 7 Hardness distribution in the welded joint
of ASME Gr. 122 steel before creep and
#/t=0.46, 0.92 and 0.98 (873 K, 100 MPa).”

Fig. 8 EBSD images (upper) and grain
boundary (lower) of fine-grained HAZ in
ASME Gr.122 welded joint at (a) ##=0 (before
creep) and (b) /4, =0.92 (873 K,  100MPa) >

Fig. 9 TEM images of fine-grained HAZ at (a) #/t,=0
(before creep), (b) #/¢,=0.46, (c) #/t,=0.82, (d)
t/t, =0.92 and (e) ¢/, =1 (ASME Gr.122, 873 K,
100MPa) .»
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