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Evaluation of Low Cycle Fatigue Damage Evolution in
Stainless Steel Using Scanning Acoustic Microscope

Yoshio ARAI*, Eiichiro TSUCHIDA and Hideaki NAOMI

*3 Department of Mechanical Engineering, Saitama University,
255 Shimo-ohkubo, Sakura-ku, Saitama, 338-8570 Japan

The objective of present study is to develop a prediction method of residual fatigue crack
initiation life of cyclically loaded metallic materials in early stage of its life. Measurements were
conducted on a change of intensity of ultrasonic back reflection wave from the material surface under
cyclic loading. The microscopic surface observations using optical microscope and atomic-force
microscope were also conducted to examine the relation of the change to a fatigue damage of the
material. An decrease of the ultrasonic back reflection intensity occurred due to the evolution of
fatigue damage at the slip bands. This technique enables one to evaluate the remaining life to the
initiation period of fatigue crack at a number of cycles.
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Table 1 Chemical compositions [wt.%]

C Si Mn P S Ni Cr Fe

005 066 181 0.03 005 876 1834 Bal

Table 2 Mechanical properties

E(GPa) v  002(MPa) og(MPa)
195.0 0.25 331.3 662.4
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Fig.1 Specimen configuration (unit: mm)

Fig. 2 Optical microscope image of microstructure of
tested material
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Fig.3 Tllustration of ultrasonic measurement
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Table 3 Measurement results of slip bands

Length(um) Density(line/mm?) Angle(deg.)
40~70 2.2~6.4 63

v
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Fig.4 Typical wave form of back reflected wave from
initial surface
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(a) Optical microscope image of typical slip band

(b) AFM image of typical slip band
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(c) AFM profile of slip band

Fig.5 Results of slip band observation
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Fig.6 Relation between ultrasonic back reflection
intensity, Amax/ Ao, and Number of cycle, N

0 10000
. N

BLILDIX, BEHEBO TN FHEMED 2~10%FE
EThoi.

HM6izid, $RYVEEESDLHD DD S DBE
BB HRNBEOEILERL TS, FRFROER
B & OBE ST REEE 0, Bx OfSk
DOHNRCEBEORZOREOZECMZ T, BlEkEE
DEZEWC L VEET 205, K6 TR TeAN @R
ERT LR, TROEESELND S OBERE
HRGTRE L, & RFLELIFT(N: DR 75%) ZFD %
PR L, SHRELEKEDL T NREERI LI, %
D, TNOH» O ERARKET L L E b2, BEK
B RAREIT A 2 EREE ML, Nt 3
B h KRS HEMER R L CFEMSERO—F %, K
7TWRRY. Mo EoBRSEEREMSBERTHY, T
DEPHFEMFERTH 5, BERBEMBTEGRD R 7 —
WIEE 7(a) iz, REEHEGO Ay —VIEEXFIC
A L7z, N/N, i, BT U Buc 3 2 SR O
U ERT, BEEERSREOAE VR TH - 7280
ﬁk&ﬁ?%&]WM—O&@%%é&%ELT

HEEOER I N/N=0.55, 0.57 IZBWTH
< Y, ZDRERDFELE N, N/N=0.64125
WTHIZ S RoTWB I bbb s, HIST 262E
MBEROTROBB L UORE L EHOMLWE, T
DOBEORITTRT. N/N;=0.52~0.57 OEEE
SREMET, TANOFESBIVEL R->THY,
N/N;=0.64 CBWTERHERIMEML T3, 20
HELUERHOER CBEHE RS EE OBRIE
HEIC R LIz BY THY, KR TIIEHE T 599, F
NY B EOBR LW ERHAER T 5 LA
MEIFRENCAIE T 5 fE SR B W CEAEE 1
L, ZOEBOBEBEOHEML 127202, @EHE
BHREEENRY LIz 2 oD, ZOEMBED
Ee2E&ED, TRDEPS XAUOEBEBERIE, #
BRAETTREZ2HRTH D, HFHEMEL AFM
TREZETE Y, —77, BFEENNRSKER, &
T E T VORT & 512, MERICEEL, MEE
HE T O RAR CRE T 2 HORS XIS 72D
W2, MFIRETE T OBERE O R FEREN IR
HRETH B, M6 B L UR 71X, BEREHRNEE
DR E L UTOMEEE %2, EEMITRL
Twa, B8, TNOELFEELTYH, RKEHDO TN

DERXFBER L b ol, ZOBRE, BERES
KA 3D 2R S e o Tz,

Eﬁ&&ﬁﬁﬁﬁﬁ®fk%%$¢5tbk LIRIA
FEEEEOBEREE LS, BERM « IR TE
#3N3B,

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

1842 AF VA BT BEY A 7 VEHBEREOESIEME T X 5 FHE
De=10 eXP( = @g) ++++rrererrrrenmerereannenen (1) a1=Bf2AL4 N e (2)
ZZT, po ZEEOVIOERE, z XFHEOMEHRIEREE, 22T, FIZRAER LiiEfr—7R, BRIEDE

Dz ZEEME 2 U EIRERDEETH 5. Granato 512 HTHB., MEN—ERBEOEMR R LZ T 5
IhiE, BENOEMRENC X 5 = 20 F —#uRic H6, MTBBOFRET s RER T, H5BELH
DLBREDOBERA o LIRAIEE A ORFIiE, XK N* C B UEMEEN S HEINEHGT 5. 20

DBARMEL D 3L DO~ LERAEE L, RREME O3 HIRIE SAe, ICHBT
3 LARE T B0,
’ A:KEAEp e eteeseeiitere et (3)

100pum

(a) N/N,=0.52 (c¢c) N/N,=0.57

(b) N/N;=0.55 : (d) N/N;=0.64

Fig.7 Ultrasonic and optical micrograph of slip bands, (a)~(b) and initiated crack (d)
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Fig.8 Model for ultrasonic wave reflections of oblique
incidence. on the surface and the interface of
grains
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Fig.9 Comparison between simulated results and
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Table 4 Condition of simulation
Diameter of crystal grain H [um ] 50
po ke/m’) 1000
p1, p2, [kg/m®] 7860
¢ [m/s] 1400
¢1 [m/s] 4100
co [m/s] 6030
Dislocation loop length L [m)] 0.3 x 107
~ Proportional factor B [s/m?] 914

Initial dislocation density Ag [m ™2 7 x 1013

Dislocation density at crack initiation 95 x 10!3

A; [m~?]

Starting cycle of damage evolution 9000
N* [cycle] k ‘

Crack initiation life N; [cycle] 12000
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