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Aprediction model for the very high cycle fatigue life for inclusion—FGA ( fine granular

area) —fisheye induced fatigue failure

DENG Hai-ong LI Wei™ SUN Zhen-duo ZHANG Zhen—yu

School of Mechanical Engineering Beijing Institute of Technology Beijing 100081 China
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ABSTRACT A prediction model for the very high cycle fatigue life for inclusion—fine granular area ( FGA) —fisheye—induced failure
was studied in this work. Combined with the experimental results of Cr—Ni—W alloy steel a local crack initiation life model ( LCIL)

and an inclusionFGA based crack initiation life model ( IFCIL) were developed on the basis of the local stress—life method and the
dislocation—energy method respectively. Using the Tanaka—Mura model as a reference the fitting results of LCIL and IFCIL models
were analyzed. Based on the respective modeling of the small crack growth within the FGA and the long crack growth outside the FGA
within the fisheye the total life model involving crack initiation and growth was established. As a result combined with the results of
three crack initiation life models the IFCIL model exhibits the highest prediction precision and the predicted crack initiation life asso—
ciated with the FGA size is nearly equivalent to the total life. Conversely the crack growth life only occupies a fine fraction of the total
life. Between the predicted and experimental results the agreement is fairly good within the factor-of-two boundaries. In short the es—
tablished total life model can be effectively used to predict the very high cycle fatigue life for the inclusion—+¥GA—fisheye induced fail—
ure.
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Fig.2 Microstructure and inclusion
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2.3
’ R, Cr—
Ni—W
RF
R, Cr—Ni—W
Cr—
Ni—W
3
3.1 _
" oy
Basquin  Liu  Choi "
10’
Ni:107(700)(1g01,42-35). 0
a-a
N, o
100 . .
° 10’



« 570 - 39 4
10* Gh( G, + Gi) h ’ 4w, 1
NS Ni= [ ] ( ) ‘ - (0)
o Qi ¢ hrtl (Ar=2n) "R
ol v AR G, G;
£ v wv VYV vV v h 1 LE
& 107 v At T
* ° o 00 o 00 o ¢
0 A APAA A A A
]010“ 167 16“ 10° Y e
§ 55 i, N, 2
5 20\ W,
Fig.5 Relations between R, Ry R. and N n.=0.05 (ITh) 206, (7)
b 14
o, =A(107)" h W
c .
o, =A( 102) A B 107 cycles  Basquin W, —4ly.. h (8)
Ys
c=nb (9)
(7)
_ 20\ y.
c_o.oos( . ) G (10)
(6) y.=W."
N—[Gh(c +G)] n G, c
T L0.005G, 1P(h+0)(Ar-27) R
(11)
6 Basquin S—N o G}( G, + G) 2 e G:/Z ¢\
Fig.6 Basquin type S—N logarithmic relation = : : . : — .
8 quin yp gt ' Ni 0. 0056, ] I(h+1) (AT -27) (R;)
107 (12)
(1) . 2.1
10° Liu a(0 <a<1) N, (12)
o, :
) " 1272 1
o :A’(IOQ)B. (2) (N.)a: Gh(Gh‘FGi) ] Gh h (i) .
g i 0. 005G, I(h+1)(Ar-27) \ R,
A° B’ 10 Basquin
2\ B ( 13)
o, =A7(107)
«
o,
A o (3) (FGA)
lgo, -lgo,
= Z >, (4)
(13)
10° 2 1 12
(N) = 10 ﬂGIIhFC (G, +6G) (14)
( LCIL) 7 i _R:/ZG;/ZZF( h, +R,) (Ar -27,) :
N, =10° (U—) pone (5) L
a-a RF hF
3.2 -
C
- Tanaka—Mura c=R; -R.. (15)

T-M

Von Misses



- - - 571 -

T ot - 8
T =@U‘ (16)
3
ar=Lpp =22, (17)
3 3
. :gaw. (18) PO
| [ Brivioe e
(15) ((17) (18) (14) e "
( IFCIL) : é
156, (R, ~R) '"(G, +6) " & 6o
N) = - (19) ]
R”G7R(hy +R) (0, - 0,) = s70-
G E i
v G=E/ 2(1+‘U) . 510F
hy « S—N N
450 L L il Ll n n 1 n L
: 106 107 108 10° 10'°
3.3 A3 N,
(5).(6) (13) T—M. . _
( LCIL) Fig.8 Fig.8 Stress versus initiation life curves at c-values
( IFCIL)
- 7 ) 4
( TFCIL)
AK 2,
2
( IFCIL) . AK = ;AO’ v Ta. ( 20)
( LCIL) T—M 0.98. a . .
0.85 0.42. 1 :
2
AK; o wdore = ;AU VIR L o (21)
( LCIL) T-M . 5 \
K
750 . -
N w3 2
----H%ﬁ;\%ﬁﬁﬁi 168 MPae*m
690 - 73 Al
''''' T-M KA
& — BRTA R AR
=, 630+ b ZlivEe gz
> il
E 570 3.89 MPa*m'”
5 11.29 MPa*m'”. ’
5101
450 6 I" IX A 9
10" 10 10 10
W ST A, N,
7 Paris—Hertzberg—McClintock
Fig.7 Comparison of three crack initiation life models
2,
da AK;\?
dn_y (3K »
( IFCIL) c d G (22)



2 .
2x10° ~5 x 10°

10

« 572 . 39 4
b Burger AK
9
x 3.3
-1 x
3 14
. 2
da/dN =b ( 21) ( 22) Table 2 Predicted results of crack propagation life
: o, /MPa  NR,—R/10* NRy—R/10° N, /10° N,/N
| JAK 280 JwR wE’b (23) 700 1.06 4.56 467  2.27x10"!
= = = 5.
EJb  wEJb 4( Ao) 675 1.55 2.16 232 4.28x10°2
: 650 1.36 4.47 4.60 5.67x10 2
(La:b(zAa «/wa)‘*zb(i)m (24) 625 2.07 3.77 3.98  3.72x10°2
dv mE /b R, 625 2.18 3.65 3.87  2.32x1072
R, R, 600 2.32 4.27 450  1.54x10°2
: 600 2.06 3.37 3.58  1.01x102
2 R B}
Ny o = wk i (1 B R. ) (25) 575 2.93 3.61 390 4.18x107°
2(Ao) ¥ 550 2.94 4.65 4.94  3.72x1073
1/ 525 3.50 4.65 5.00  1.59x107?
o (24)
dl_i(ZAU«/wa)3_i(i)3/2 (26)
AN\ e T 27T\R
R, R
: (19) (28) -
27wk’ R R -
R—R. — T 2 ( - ) (27) _ _
2( AO’) RF R.: N_Ni+Np_
(25) (27) (1501,’1?( G, +6G)""(R,-R)"" ) Ve N
R:/ZG:/ZRF( hlf +Rr‘) ( g, - O-W)
N, =Ny p + Ny = 2 R. R
PR e Lz(nzé L_27 ) (29)
a2 (1 2% By R ) (28) 2(A9) K K.
+ p—
2( AO’) : R[f Re 10
+2
10°
B
2; 108,
€
¥
= qort
9 s i
Fig.9 Diagram of small and long crack growth behaviors
— - 0o 107 10° 10°

Fig.10 Comparison of predicted and experimental lives



- 573 -

(1)
(LCIL)
(IFCIL) ;
( IFCIL)

Lu LT Zhang]J W Cui GD etal. Effect of gas nitriding on the
fatigue properties of medium carbon railway axle steel in a very
high cycle regime. J Univ Sci Technol Beijing 2011 33(6) : 709
(
2011 33(6):

709)
Xie Q Wang H. Finite element analysis of hydrogen induced in—
ternal fatigue crack initiation and propagation in steel. J Univ Sci
Technol Bejjing 2013 35(10) : 1313
(

2013 35(10):
Sakai T Sato Y Oguma N. Characteristic S—V properties of high—

1313)

carbon-ehromium-bearing steel under axial loading in longife fa—
tigue. Fatigue Fract Eng Mater Struct 2002 25(8): 765
Murakami Y Yokoyama N N Nagata J. Mechanism of fatigue
failure in ultralong life regime. Fatigue Fract Eng Mater Struct
2002 25(8): 735

Shiozawa K Lu L T Ishihara S. S—N curve characteristics and
subsurface crack initiation behaviour in ultradong life fatigue of a
high carbon—chromium bearing steel. Fatigue Fract Eng Mater
Struct 2001 24(12): 781

Wang Q Y Bathias C Kawagoishi N et al. Effect of inclusion on
subsurface crack initiation and gigacycle fatigue strength. Int J

Fatigue 2002 24(12): 1269

11

12

13

14

16

17

19

20

21

22

Huang Z Y Wagner D Bathias C et al. Subsurface crack initia—
tion and propagation mechanisms in gigacycle fatigue. Acta Mater
2010 58(18) : 6046
Chapetti M D Tagawa T Miyata T. Ultradong cycle fatigue of
high-strength carbon steels: Part II. Estimation of fatigue limit for
failure from internal inclusions. Mater Sci Eng A 2003 356( 1) :
236
Murakami Y Miller K J. What is fatigue damage? a view point
from the observation of low cycle fatigue process. Int J Fatigue
2005 27(8): 991
Sun CQ Lei Z Q XieJJ etal Effects of inclusion size and
stress ratio on fatigue strength for high-strength steels with fish—
eye mode failure. Int J Fatigue 2013 48: 19
Stanzl-Tschegg S Schénbauer B. Near-threshold fatigue crack
propagation and internal cracks in steel. Procedia Eng 2010 2
(1): 1547
Tanaka K Mura T. A theory of fatigue crack initiation at inclu—
sions. Metall Trans A 1982 13(1): 117
Tanaka K Akiniwa Y. Modelling of small fatigue crack growth
interacting with grain boundary. Eng Fract Mech 1986 24(6):
803
Marines-Garcia I Paris P C Tada H et al. Fatigue crack
growth from small to long cracks in very-high-cycle fatigue with
surface and internal “fish-eye” failures for ferrite-perlitic low car—
bon steel SAE 8620. Mater Sci Eng A 2007 468 —470: 120
Stepanskiy L G. Cumulative model of very high cycle fatigue.
Fatigue Fract Eng Mater Struct 2012 35(6): 513
Cerullo M. Sub-surface fatigue crack growth at alumina inclu—
sions in AISI 52100 roller bearings. Procedia Eng 2014 74:
333
Choi Y Liu C R. Rolling contact fatigue life of finish hard ma-
chined surfaces: Part 1. Model development. Wear 2006 261:
485
Liu CR Choi Y. Rolling contact fatigue life model incorporating
residual stress scatter. Int J Mech Sci 2008 50( 12) : 1572
Chan K S. A microstructure-based fatigue-erack— initiation mod—
el. Metall Mater Trans A 2003 34(1): 43
Venkataraman G Chung Y W Nakasone Y et al. Free-energy
formulation of fatigue crack initiation along persistent slip bands:
calculation of S—N curves and crack depths. Acta Metall Mater
1990 38(1): 31
Murakami Y Aoki S. Stress Intensity Factors Handbook. Japan:
Pergamon 1987
Paris P C Tada H Donald J K. Service load fatigue damage-a
historical perspective. Int J Fatigue 1999 21( Suppl 1) : S35



