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Ultrasonic Attenuation and Micro-structural Changes in Crept Stainless Steel

by Toshihiro OHTANI, Hirotsugu OGI, & Masahiko HIRAO

Changes in ultrasonic attenuation were studied by conducting creep tests using austenitic stainless steel specimens (exposed to a
temperature of 973 K and put under various stress). The EMAR (Electromagnetic Acoustic Resonance) method, a contact-less reso-
nance method which uses EMAT and by which extra energy loss can be disregarded, was used for the measurement of intrinsic attenu-
ation. Polarized shear waves were applied along the thickness direction of plate specimens to obtain the ultrasonic velocity from the
resonance frequency, as well as to obtain the attenuation coefficients from the ringdown curve at resonance. Attenuation was found to
exhibit greater sensitivity to damage accumulation than velocity. Approaching rupture, attenuation increased ten-fold the initial value,
a phenomenon attributed to microstructural changes, especially to dislocation mobility. This result matches that of TEM micrographic
observations on dislocation structure of specimens. This method exhibited a potential to be usable for predicting damage and creeping

in metals.

Keywords: Creep damage, Electromagnetic acoustic resonance (EMAR), Ultrasonic attenuation, Electromagnetic acoustic transducer (EMAT),

Noncontact evaluation, Stainless steel

1. #&

BESE N CTHONEKIBET 7 v MERDZE <
&, BHIMICHDz- GRS TEBY, TOEETHIC
&, 30 ~40FEDFREFMEMZ b Db H L, WEHK
R, BxsShi75 oy bael, BREFHLLTS Vo
HEISBREIEL R ERONG, T4 DTT ¥
MIAHEIZ20~ 404 L &9 &3 2 BT,
COX)BIRRTIZBNT, KNWEETT ¥ ko
EtEEEEERLOD, BEOREFMLENS I,
RSB\ HERA R O 4tk - 43776 % FPA 3 % Bl 4%
PEARRTHDHY,

KNFEET 7 ¥ FOREFZLOHR T ) — THEGITE
ERMETH D, BAE, 7)) — 7THEZFMT 5 Hke
LCLZYAENEL bR Tw3?, ZoFEkig, #
B DG ORI I T b B ERE L, K
LR EF NI EEL, RoNFBEORAIC LAEHT
EVEVHRENA D L, T2, 7V —THETIEHE

|

IR AN NDC7uyxs b LAl
ORBROREFERERE BT EEEER A

R ORBE L IHBPRE SN L, oI
RERA B RICIE AT, 3L b EHAHSHE L Tw L
LIRSV HHE LYY, 22T, 1) =7
B FEMILZIE, MR OB RN RE T, R
BB TR OFHIAR S A TR BRE S h
TWh,

AW TIE, FloS&MfEied s L Bbh s B
FWILEE EMARE) 7 2HWCE&BMEO 2 ) —
TG LR RO ZALY, FRICRERE L OBRE
fEM L, EMARBEDEENDMETIZO VTR T %0
EMAR W, FHEMTBERZZRETEXL2EBBE
PR (EMAT)” % LW 8 L7l T8 T
Hbo EMAREC X 2 ¥ P sl e <&, Hfilicr
b DT ANF =R % <, MR OMH Y 7285 I 5
B OMESTTHEI 22 5 720 RERA IS, B E LT
I &5 SUS304 A7~ L A% Hv 7z,

KEH1973 K OWRIET T, MMM OB Ez 5 2,
7)) — TGO MEITIHE D BE RO B L& Tz,
EMAT & L Ti&, #M DR S HINIHM % %2E T 5
B EMAT 2 fl\v7ze 72, KIBH4MET T 2MH
D2 ) —7RER (PR E, MbAER) 21T 72,

TNTIER No. 202 (2004-1)



SUS304 A 7 ¥ L ASH®D 7 1) — THMGII M 5 BE Wik e & bR Lk D 221k

ﬁ :
< 15 > © ¢ 15 N
—i .
N I N #______ ______ I
) v
35
n
I I 1 A S 1ol
FEAE 5 1

Rolling direction

() BRI

(a) Shape of specimen

(b) 2 V) — 7 3RBRHi & Wy L 725l

(b) Specimens before creep and after rupture

1 ABRIER

Fig. 1 Specimen geometry

INLZOORBEEERET 5720, 7)) — 7Bk
HOMO LR OBRICIED X, BIE§3Y LS
A= PO O G EEE L, B TR O HE G
HEREZRDI, TOMRE, FHaiEER L BERROM
12iE L WAHBIBIRR SRR D BTz, WIZ, JRSABAMMEE, &
ARV O E B E ML ), PO ZLZ
BT TOME, WERKIE, 7YV —T7 0TI
WRALAHFR D ZAIZPOS L T2 b $ 5 2 &, HIZ, iR
BO5EE TN AT X WEERLL & A HLER O B RS
BT BND 2 EAGD 5T,

2. EBR A&

2-1 HER EHBREM

BN AN RV AY T2 W A 2 N 1 B S A
&, WA TIEIEI8 mm, £X35 mm, E&E5 mmT
HY, WTNRLELFNIRFHINTH S, ML
DA —AFF A FRAT ¥ L AHSUS304 & 720 2
I COMMNIERZ X, 02%I0 7125249 MPa, Blikii S
A3637 MPa, i UN23728% T - 72,

7)) — 7B, WERE L N—R2 ) — 7B &
BB EHV, KAFI73 K TIro7z, 120 MPa &
100 MPa @ JEIIZH LTRO 2 ORI EE V7,
T2 — TREM LB CSRRR R E &, B2
DR R P72,

(1) Wi - 1ARORERF ISR LT, @il
1) — 7R B % T L, SRS 2 R L 22,
RERZ BT %0 CNEMBBICES $THY BT, fifH
FMREIIIE 20 h 31100 h & L7z,

(2) difmAERy: S HORBR ZHEL, ThZh

EMED 7 ) =T OTAICEL T T2 ) — TkB% AT
v, 2o, RiRTBEEIEEE T 5.

hIFFERER I BT, —ARORERF 2oV TR IS
PEDOZEALZ B TE B 720, EROBH MR ToORHIIC
BEVRRTH 5. —F, BEBREEOZILOEN % i
T 5720121, WHBHBOZNL 2 BT 2LE DD 572
%, AR AT 5 72,

2-2 EMAR IZ & 2 8FRIFEDRIE

N v ZIRIZEW I 2 4 )V & — X DOKARA D D
7% AR EMAT? 2w (R2), 3BEmICER
WX T AR 2 %2 E L7ze SOEMAT 2o
N—=ZA MEES (~1000 V, ~200 us) THIEEL,
EMTBE W2 AT 50 AGF SN ERIIAR O
TREZEYEL, AFHIZEETZEIC, FHL

TRABEA
Permanent A A A
magnet
N : N BB
a4 Sample
Coil N ¢ surface
@®® DD >/

=R
Eddy
current

2 EMAT DMk & %525 581
Fig. 2 Structure and mechanism of EMAT

INZ R No. 202 (2004-1)



SUS304 2 7 ¥ L A 7 1) — TG 5 BE Wik 2E & MR MLk D 2 1L

TR a.u.
Amplitude

JEWE L MHz

Frequency

3 EMATIZ& % SUS304H 0L A~7 by (HKE5 mm)
Fig. 3 Measured resonant spectrum for the stainless steel
of 5 mm thick with EMAT

1.0 T T T T T T ]
f4 4
o HEMH _
° Measurement
Bz | A—T74b |
-*'U% =3 r Fitting curve b
g o
L s 051 «=0.008 us .
PO
AN - -
% =
g L 4
= 5
Z n i
- @
00 ~—— e
100 200 300 400 500 600
e us
Time

R4 HEHHE (3HOHELRE—Ff)
Fig. 4 Measured ringdown curve of the 4th mode in Fig. 3
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Fig. 14 TEM micrographs of crept specimens at #/£.=0, 0.38,
0.67 and 0.98 (Continuous test, 100 MPa, 973 K)
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Fig. 15 Change in the dislocation density and length as creep
progresses (Continuous test, 100 MPa, 973 K)
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Fig. 16 Comparison between calculated and measured a
(Continuous test, 100 MPa, 973 K)
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