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Abstract: The early fatigue damage of AISI 321 stainless steel was conducted evaluation by eddy cur-
rent array. In the fatigue test, the change of eddy current amplitude could be divided into three sta-
ges: rapid growth, stability and accelerated growth. The relationship between the eddy current ampli-
tude and the logarithmic fatigue life was nearly linear at the first stage. The area of fatigue damage
was not changed in the fatigue crack initiation life. Microstructure with different fatigue cycles indica-
ted that the dislocation proliferation and interaction were the main reasons for the increasing of eddy
current amplitude at the beginning of fatigue.
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Table 1 The mechanical properties of 321 stainless steel

Mechanical properties

Heat - - -
Tensile strength  Yield strength Elongation
treatment
os/MPa 0.2/ MPa &5/ %%
1050°C
570 240 50

solid-solution
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Fig. 1 Stress distribution of specimen by

233.226  343.356

finite element analysis
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Fig. 2 Morphology of fatigue cracks (a)small crack (N;=180000 cycle) ; (b)small crack

(N{=450000 cycle) ; (¢) main crack (N{=450000 cycle)



321 AR WP 55 U1 3 #) B8 U T A

63

321 R S — Bl AR 2 B AR A, in £ 5 T B
PR R AHAE . B3 AR [ AR B R I RE Y
XRD §, H i (111) v, (200) 7. (220) y 43 51y B8 [G 44
LER(111), (200), (220) & i MY A7 51 6, (1100 o A1
(21D o 35K o T AR GE# (1100 AT (211) 18 19 i
S, AL 1 TR AN o T R I HR R B B, &
A EY R B B o T TG A 06 A5 BB 0T UL . AR Bl S
BRLS TR ABE R 7115 o S FAR AR R 20 0. &5 S tn ke 2
Fin . R ZE DG R 10 JE Wk B A B IR A
100~ 10000 J& ¥k 2 [a] i B 4 2 BG4 & B 43 B0A £
0.5 %0+ 98 55 2 11 IR RE 32 24 80 X385 14 S FC AR PR AR 2 K
Tk 6.572% ., Grosse™™ X%f 321 45 40 I JE 9 57 1ok
FEABFIE 26 o o PG IR (Y % A7 o 2 SRR 4 3 725 (1
PR FUAT BRI N AR 3 B s B B A AT g R AR o
TR i HL o T TG A B 78 B 2 Bl 5 58 R VA 1 A8
ORI NITTE 2 N A NS v = i KO R/ R =Y 2
PER A WK T o T DG A5 28 14 e 18 IF LA B 2% 1
Y5 4 B IRMACIR A 5 100 SRR 5 B2 R 9 1 0 A8 M 3 T
G PR B RE R T IR A6 B o D IR, R 4
B A SR BE P N AR (Y B T RS 22 5 R AR TR L AL
3 vty FRPE X B S S0 % G R S OB R
o7 A5 PR 3 0 o T ER AR AR AR A BRI g KT

110)a
O e ——N=450000

_Jﬂ i

L ——N=10000

A "

——N=1000

. .

__JL 1 —NFl0

(11y

(200)y
_J n (zzo)y—N{:lO

1 L 1 L 1 Il

40 . 50 60 70 80 l 90
20/(°)
3 ORI  BR JE U 55 R 19 XRD 1% P
Fig. 3 XRD spectra of fatigue specimens with different cycles
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Table 2 Results of «' martensite volume fraction

N;/ cycle Volume fraction of o' phase/%
10 0
100 0.025
1000 0.2511
10000 0.2724
450000 6.572
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Fig. 6 C-scan picture of eddy current array

(6=509MPa, N;=450000 cycle)
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Table 3 Relation between the area of fatigue damage
region and fatigue cycles

Length of the

Width of the

N;¢/10*cycle
damage region/mm damage region/mm
0. 006 11 11.2
0.2 12 12
14.0 12 10.4
31.0 12 9.6
45.0 11 9.6
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Fig. 8 TEM images of specimens (a) N;=0 cycle;
(b) Ny=10000 cycle
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