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Abstract The efects of specimen size, notch and loading type usually have important influence on the fatigue properties
of metallic materials. Therefore, it is vital to modelling the effects of specimen size, notch and loading type on the fatigue
strength, which is of great importance for predicting the fatigue property of the structural parts from that of the materials.

In this work, rotating bending and axial loading fatigue tests are first performed on the specimens of an EA4T axle steel
with different shapes. Experimental results indicate that the fatigue strength of the dogbone specimen is lower than that c
the hourglass specimen due to the increase of the specimen size, and the notch reduces the fatigue strength of the specin
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in terms ofthe nominal stress due to the large stress gradient at the notch root. The fracture surface observation by the
scanning electron microscope indicates that all the tested specimens fail from the surface of the specimen. For hourglas
and dogbone specimens, most of the fracture surfaces only have single crack initiation site, while for the notched specime
all the fracture surfaces have the characteristic of multiple crack initiation sites. Then, the probabilistic control volume
method is used for correlating the effects of specimen size, notch and loading type on the fatigue strength of the EA4T
steel, which is also compared with the critical distance method and the strain energy density method. It is indicated tha
the probabilistic control volume method gives better predictions for correlatingflibet® of specimen size, notch and
loading type on the fatigue strength of the EA4T steel. Finally, a method based on the control volume is proposed for
predicting the fatigue strength of structural parts, and is used for the specimens of axle steel with discontinuous highly

stressed regions. The predicted results are in agreement with the experimental data.

Key words EAA4T steel, size effect, notclffect, loading type, fatigue strength, control volume method

E1=

R 8 E 55 9 5 Pk RERIF 00T 4l R PR 1 22 4
AT SR HA R S B4, —fiehh, B AR
JOF R, MBI 57 7E R 25 BRI B, IF HANR
g7 30T 1 SE 0 45 AR A oK 22 ) 8101 i
TR A, TR COR R N S, AR R R,
R RPE A A A BAR 9% 57 A7 iy 117121 R, o
FORPE RS L i VRN 7 2O MRk 55 P B 16 52
i EL A B (R SORA TR Y FH .

T IRBE R e VR #8y =On A Rk 55 vk
eI 52 A K= 9T T AE I3°16L 41 Neubeft”!
F1 Petersol® K H I F¢#E 2 75 v 15T T e 1 3FE
(R 55 SR, JE4h R 95 B 1 R K N AR &
B K FIER IR B4R 1 Z 2 &, Kuguel® #
H i I A AR 7 S RO e 11 R 1 98 57 s i, )
Ke/Ke = (Va/Ve)?, Fort Vi BT Vs Z3 ) 2 R 130
DT URE e B AR B (R AR, a &bk
#1. Murakami®5 PO 5@ ik 42 il AR dp K e 2 IR
SRR v R A A A ) N R Y SR AR T e
5N R R 55 SR, Lanning &5 1Y SR £ 55 B
BEADGE B 1 Ti-6A1-AV A (1 5 J8 9 57 5k HEAT
T Naik 55 22 5 Bl 51 405 S E0rs 1 AL )
IS 0 R e T — Tl T TR 5 325 T Ti-BAl-
AV 1= A 57 75 . Berto®%: 231 SR N AR i 55 B 1k
LT Ti-6Al-4V G4k FRFEAE 2 848+ 9
97 % . Harkegardfil HallerakeP4 J&-T- 26 FiA[A] L
AT TR TR TR R 1R P9 57 A B £ 4l ) New-
ber #1 PetersorVy i WEAE N 33k IR FEEBGE . W
FIBRFEVE | e N AR RN GG B TV EIEAT T EE. 46
SRR, B G VR i N AR R

IRAF E TN G SR i, Sundl: BRI AR S
BER G BR 25 Akl ok, RRE T PR S AR
JIEARIIAFE JUATFEARAINZE 5 3R 57 5 5 (14
SN, IR U] T e Bk e LA A RO 4
PRI 55 S RE TR 253 ) A A v I AR AR e
HIRFR VAR R

ASCEL EAAT AR AR BIFST T e 1 il
TR VEAE R U e VRN 7 20098 55 5
S R AR N L SR T A 25 i 28 Al 1) o
BT O AF U TEAR EAAT AR FEEAT T 9%
F7 S ARJA, R R ABU on e R
e VRN 85 M8 57 58 5 (0 5 M 3R 4T ORI,
Iy 7 1 B AT AR e 8 By AT T LR, e, R
PR TP R AR AL AR 98 5T ok TN 5 vk, IF
P AT AN B8 v 8 g DXl PR 57 i T

1 KM 57T

1.1 SRIEHL

ARSI AR EAAT 254, HAK 22 Rt
1R, i R R AP 55 4y 5 K 519 MPadfl
674 MPa. 1 [k 206 GPa A LL 4 0.29. 9% 57
RFERIR AR ST 1 s, F4 + i TR R
B EAAT 2RSS AT, HoARIELH EAAT 428
0.5R[ff .

F1EMTHRUEERSHRESH
Table 1 The chemical compositions of EA4T material

C Si Mn Cr Mo S P Fe
0.25% 0.30% 0.65%0.95% 0.20% 0.010% 0.012% 97.628%
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(a) Hourglass specimen under rotating bending fatigue test
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(c) Hourglass specimen under axial fatigue test (hourglass
specimen-AL), K, = 1.05
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(d) Dogbone specimen under axial fatigue test (dogbone

specimen-AL)
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(e) Hourglass + dogbone specimen under axial fatigue test
(hourglass + dogbone-AL), K, = 1.36 for the part of hourglass
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Fig. 1Shape and dimensions (in mm) of specimens for fatigue test
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(a) #1EVE, 0,= 378 MPa, (b) Z LRI, 0,= 420 MPa,
N;=2.87x10° Ny=17.54x10*

(a) Single-site crack initiation, (b) Multi-site crack initiation,
0,=378 378 MPa, N;=2.87x10° 0,= 420 MPa, N;=7.54x10*
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Fig. 3 Scanninglectron microscope pictures of hourglass specimens

under axial fatigue test, in which the arrows point to denote

the crack initiation regions
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(a) BRI, 0,= 325 MPa,
Ny=5.17x10°

(b) Z 52, 0,= 325 MPa,
N;=5.73x10°
(a) Single-site crack initiation,  (b) Multi-site crack initiation,
0,= 325 MPa, N;=5.17x10° 0,= 325 MPa, N;=5.73x10°
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Fig.4 Scanninglectron microscope pictures of dogbone specimens

under axial fatigue test, in which the arrows point to denote

the crack initiation regions

(a) Z HRH, 6,= 387.5 MPa,
N;=1.38x106

(b) Z 52, 0,= 372 MPa,
N;=8.88x10°

(a) Multi-site crack initiation,  (b) Multi-site crack initiation,
0,=387.5 MPa, N;=1.38x10°  ¢,= 372 MPa, N;= 8.88x10°
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Fig.5 Scanninglectron microscope pictures of notch specimen under ﬁ%?ﬁ}ﬁﬂ&}}\ﬂﬂ%ﬁ%?ﬁ;ﬁﬁﬁ, ;{ﬂﬂ ngﬁiﬁﬁﬁ

rotating bending fatigue test
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for hourglass specimen-RB
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Table 2 Weibull distribution parameters of fatigue strength, and

the predicted fatigue strength at 5%, 50% and 90% survival

probabilities for some given fatigue lives

Fatigue strength at survival

fatigue Scale parameter probability/MPa
life N
1 k 5% 50% 95%

7.0x1¢  483.109 23.055 506.54 475.38 424.62
1.0x1¢  465.517 23.055 488.21 458.17 409.25
1.3x10  452.986 23.055  475.07 445.84  398.23
5.0x1¢ 393.770  23.055 412,96 387.56  346.17
1.26x16 357.711 23.055 375.15 352.07 314.47
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Table 3 Control surfaces of specimens under

different loading types
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Specimen . . . .
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Fig. 7 Relatiorof equivalent stress amplitude and fatigue life, the lines

denote the predicted P-S-N curves by the experimental data of hourglass

specimen-RB
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