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Figure 1 (Color online) Schematic diagram of fatigue analysis
method for gradient surface specimen.
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Figure 2 Schematic diagram of notched specimen (a) nominal K7=3;
(b) nominal K7=5.
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Figure 3 Schematic diagram of hardness distribution curve.
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Figure 5 (Color online) FEM stress nephogram of notched specimen with different stress concentration factor (a) nominal K7=3; (b) nominal K7=5.
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Figure 7 Influence of thickness of hardened layer by shot peening on fatigue life distribution.
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Figure 9 Influence of residual stress on fatigue life distribution.

SRR B ST, TR G AR T I A A S WA i AR
2P

M KL ALk 2L A R I B AR T 2 7 308 88 2 A ik 3
FIRAN 1 Y e, MR IRRIOEE R E %R,
T T 38 DR i ) 55 A7 . T T B 0 4 ) 9
F7REUB R, WP N T2 Y )
T I RESCHAE REREIL, BT LA K e B A%+

743



AR R A B R B L A S B B R i 57 RS A B 2 B

W97 REUE AT RERE A . 0% 97 RO A% 75
597 J A3 i 3 TR AL R i B A 1R 55 A A, TR BB
AR L g 0] T B il BE AR 55 T i B 52 TR 5 AT
W EAL A 8 LA R AT IR AR H AR RS O
P IS 451 2 820 4 R B 57 Se R IE B =
£ LU BRI 78 A AT s 0 5 A D) M HLER BIF 7. R ik
157 vt

4 ZEig

XF TR SR A AE i, S AN [RIR BE AR A1
BUAERES R FRATIL S 2 5 LR ol X AT A A
PR 55 75 d A, mT LASRAS AN [RIR P A9 55 73 i 23 AT
T &5 HERE ot B AR T i il T DA BB T e IR B ok —
ARTER ORI S Ke B SRR R R . 3R 5 3k
BEREEL . SRR N A SE B AT, FTUASRIG I £

Zhig: (1) RACACHE T B SR 0T A dr g . s AL)R )5
FERGIN, 2 S BERGUUALALE h F A B 7% 212 i
ORI, LIRS, Z5mib 2 5 /N T I 5 S
&, REUET s Z SR T E. Bl R )7 E
KRR, AT R R R, (2) %
EEAE N 2 3 Bl SR RGN, 2 5mAJ2 BN Tl 5
JE LN 57 SO A% T SR I, 3 I B A i e i
Wi, 5EAL R R R TR AR, REUU T 5t
RIZBGRIT, H8 AL L 2 B2 b i 1R 57 75
(3) HP T REGEIR TR 2 R Z N, &K
/IS BB AR T I g AT EASR v o o P B A8 55 TEA% T i,
R B A T N 0 Hs 5 BRSO % 75 i B RS (4)
X R MR AT, B R T A R R R,
R S Ke AT RS AR BOFE AL AE A — s ik T 240
B, SRS/ BEBUR RS IR AL B, I
B DT 75 AL,

Bt AEMEMRARRERRLE LS. T EMFR R R AR VO S S Wik
B3 30k

Fleck N A, Kang K J, Ashby M F. The cyclic properties of engineering materials. Acta Metall Mater, 1994, 42(2): 365-381
2 Dowling N E. Mechanical Behavior of Materials: Engineering Methods for Deformation, Fracture and Fatigue. Englewood Cliffs: Prentice

hall, 1993. 361-363, 404407

3 Suresh S. Fatigue of Materials. New York: Cambridge University Press, 1991. 134-135

4 Zhao Z Y. Investigation and development status of the application technology to improve fatigue behavior of high strength alloys (in
Chinese). Eng Sci, 2005, 7(3): 90-94 [ # V. w5 B & & HuE o7 B AHBAB 5 K. T E TR, 2005, 7(3): 90-94]

5 GRER, (TR MBIHERARRIII X STRATH AR PO%e: TH %S0l R HRAL, 1999. 20-35, 225

10

11

12
13

744

Gao Y K. Characteristics of compressive residual stress fields in high-strength steel caused by shot peening (in Chinese). Heat Treat Metals,
2003, 28: 42-44 [/ T . w5 L AWURL SRR B A RHIE. )R #AE IR, 2003, 28: 42-44]

Shaw L L, Tian J, Ortiz A L, et al. A direct compareison in the fatigue resistance enhanced by surface severe plastic deformation and shot
peening in a C-2000 superalloy. Mater Sci Eng A, 2010, 527: 986-994

Michal G M, Ernst F, Kahn H, et al. Carbon supersaturation due to paraequilibrium carburization: Stainless steels with greatly improved
mechanical properties. Acta Mater, 2006, 54: 1597-1606

Zhang P, Lindemann J. Influence of shot peening on high cycle fatigue properties of the high-strength wrought magnesium alloy AZ80. Scr
Mater, 2005: 485-490

Oguri K. Fatigue life enhancement of aluminum alloy for aircraft by Fine Particle Shot Peening (FPSP). J Mater Process Tech, 2011, 211:
1395-1399

Gao Y K. Improvement of fatigue property in 7050-T7451 aluminum alloy by laser peening and shot peening. Mater Sci Eng A, 2011, 528:
3823-3928

Tanaka K, Mura T. A dislocation model for fatigue crack initiation. J Appl Mech, 1981, 48: 97-103

B Dok iR 2R T 2. RO RECTE. dbnt: @S AH AL, 1990. 50



HERE B Y RICY 20144 H44% H T

Numerical simulation of fatigue initiation life for notched
specimens with gradient surface layer

ZHAO SiCong, XIE JiJia" & WU XiaoLei
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Based on Tanaka & Mura’s fatigue model and introduced the elastic strain energy release of the crack initiation, a
new fatigue model is proposed for fatigue initiation life under complex loading. Then, with the gradient
characteristics of the hardness and residual stress, this new model is used to assess the fatigue life distribution and the
crack initiation site for the notched components with a gradient surface layer. The results of numerical simulation
indicate that surface hardening treatment increases the fatigue life. And the gradient layer thickness changes the crack
initiation site. If the gradient layer thickness is smaller than a critical value, fatigue crack will initiate at the interface
of surface and matrix, otherwise at the surface or subsurface. The increase of hardness ratio will lead to an increase of
the critical thickness value. Excessive residual compress stress reduces fatigue initiation life. For notched samples
with the same stress concentration factor, after the same hardening treatment, the fatigue life and crack initiation site
would change with the notch size of the sample.

fatigue model, gradient surface layer, fatigue life, crack initiation, surface treatment
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