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Creep-induced Nonlinear Acoustic Characterizations and Microstructural Change in an
Austenitic Stainless Steel

Toshihiro OHTANI

Abstract:

We investigated the evolutions of two nonlinear acoustic characterizations; the resonant frequency shift and
the mixed frequency response, with electromagnetic acoustic resonance (EMAR) throughout the creep life in
an austenitic stainless steel, JIS-SUS 304, and clarified the relationship between their evolutions and the
microstructural changes. EMAR was 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 the thickness direction of a plate specimen. Two measured nonlinear acoustic
characterizations showed the peaks at 40 % and the minimum at 60 % of the creep life, respectively. We
interpreted these phenomena in terms of dislocation recovery, recrystallization, restructuring, and the
initiation and growth of creep void, with support from the SEM and TEM observations. This noncontact
resonance-EMAT measurement can monitor the evolution of the bulk-shear-wave nonlinearity throughout the
creep life and has the potential to assess the damage evolution and predict the creep life of metals.

Keywords : Austenitic stainless steel, Nonlinear acoustics, Electromagnetic acoustic resonance, Non-destructive
evaluation
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Fig. 2 Operation of the shear-wave EMAT.
Lorentz force, F, excites the shear wave
propagation in the Y direction

2.2 R EEEHHOAAE

EMAR % IV T, 2 SOIERIEAB S i - 4k
A D> 7 N EIRGEEBISE ERE L.
EMAR 513, bmais & oS N 2 562G T2
EMAT W0 Z A b7 HiETH 5. A THN
7= EMAT 1%, #RBF OE S Hckl 2532515
IR RS 1 EMATOQO T 3 4 (1% 2 2 1R). EMAT 1%,

2T LI, MEVWEFT v 7kasre, &
B 2R T8 O VERR T TN 6 189~ B — % DK AREA 1> D
RERE SN T 500, EMAT D352 {5 533 ST k00
IRENTWS. EMAT (28I 235515 OAmE
X 10X10 mm2 TH 5.

AWFFETI%, EMAR 4 NRUS vEIZ@E M L, BE)
FEIEZ 10 %~100 %(160 Vp-p~1600 Vp-p) D 5 THl
EL, HEFEEEOY T bEA BARIEICEE L7220
JENB JE R o TEIY , A 2Kk, NRUS MEICHB T
DIERIENE & EFT D660, RBIEOREHIVBED
V—27 37 FaERL, ZAUTREEOIRRE Tt
ICHEDNCIERIE CH D Z LA E%T 5. B LR
BHE, =237 MNAOBRBEETHY, FLIER
FEEREW. B ATV vy 7RI ST A—4 Cy
1%, O AIBIEICAE S B A B o2 ) bl 3
HIENTEHG6),

(f = I/ 1y =Af /1, = C Ag/2 (1

ZIZT, fIEOTRLAULBEN LTz & & odLng)E

W, fo IEBREHEE 23 i b/ S & & o JLIE JE I
(PIHBRENIRIE A3+ 01N S WA, TR R
ThdEHEEIND Z ENZN).

312, FERIE 3 PR FAE R 0O FARN) 70 FEBRIEL
ExRd. 250 EMAT % i /& A J7 Bk 1 &
HTHEBETS. 250 EMATIZL > T, FRENE
TR D BRI S, o (n, mo EE—F, m>n)
BAAT 5. WAL, koA TRINSD.

f,=nV/2d @

ZIT, n 3T Rk, VIIREOTE, J4
HRBORES, fildn FHOBEREKE THD. #£F
IO AW, 1 >0 EMAT 12X > THRIES
7. MELOIERIEE, o I3 L UL ORIEM A 72
<7202, HAERIC X 2B E i B OIRIE As (Fo
FITEOKBIR L © i) B, TNENLf, fo
21T B LB R E D 2 SDOYRIE A1, Ay DFE TIEM
b L7233,

x=4,/(44,) (3)

AW TIE, BB fua (BT DHRIE As 2
E L. HEE— FOBRICEBWNT, nm 3FEED,
INEEPNKIB E e Bk O ApE AR BHR LT,
HIEITIFE A — =T u & A N &
L 7= RITEC RAMS000-SNAP # i L7=. £7-,



R TR R A

LIS AR I DR (BRALRFR S 720
%) LEHAHE L.

EMAT for transmitting, f;,
and receiving, f,, =f, (m>n)

Specimen

EMAT for transmitting, f;,

Fig.3 Experimental arrangements of
EMATSs for three-wave interaction method
in this study.

2.3 A=

7 ) =7 R 07— VE DR S F I O
BB AR OB 2 Y 0 H Lizt, JEoREam
8 (L—YV—DEMEE), E£ARE THEME (SEM),
BT E TS (TEM) |2 X DMk B 21T - 7=
INHDHEEEEIIAF v Ta v a—Z I H
ViAFr, LRDLENTEIT ST, JeERBMEEIC L D
BIETIE, BRRWIIRE LTIHWEK (H:0: HNOs:
HCl=1:1:04) ZfEH L7-. W&ic, TEM BaEHE,
UAY—h v bERWT, WEHLEONG I T &
FATRENHES 0.3mm # A7 A4 AL, SiC #WE
BRCTEX 02mm IZHELZ. 0% 10%V -
T ) — VIR CEME L, O NS AR E
BT, RN OE S OIS OB 2 2
Sfc. BEIE, BLRERTR H-800 it % 75
WegE CINEFEE 200kV) & M-,

WXL, v/ 7uby h—RAEEFEZHNT, &
BED 77— & U oo JE 2 J5 1) R e Gl E L 7z,
frEEIX 4.908 N, fREFEFIZ 16s ThoTe.

7 ) =T RO EEDOEERDT-D, 77—
DI IT I R A S X AREITC L0 - EhE
(MRDHAOfE) Z2ME L, iR, Ny o7
F v N e Ko2 #ia i L-% o Kol o EHEbE
% Voigt BIC7 4 v T 4 7 L TCRO -, BB E
1, MHEME HEE Warren-Averbach X 7' 7 7
A NFEUWZ L5 TEME L. RERSAHILL T om b

H58% Wl

<hHbH: Z—4v b CoKo, BE: 40 kV, B
135 mA, HlERErm - [111], [200], [220], [311],
a2 A—HZF% 1 mm, B :30s

Life ratio, t/tr
0.0 0.2 0.4 0.6 0.8 1.0
T T T

40 | |SUS304 Ruptured sample )
973K, 100MPa q107*
[ =
— , =
SRS <
= ! =
=] | Interrupted samples =
=} 1 .8
2
o 20F '. g
3 ' 2
=4 L
o \ 1105 8
\ 4
10 - . O
----------- Strain rate
0 1
0 500 1000
Time [h]
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dislocation density by X-ray diffraction as creep
progress (973K, 100MPa).
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Fig. 11 TEM micrographs of the specimen before
creep (t/tr=0) and crept specimens at t/tr=0.2, 0.6
and 0.9 (100MPa, 973 K)
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Fig. 12 TEM micrographs of precipitates in the
specimen before creep (t/tr=0) and crept specimens
at t/tr=0.6, 0.9 (100MPa, 973 K).
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