5504 4510 FmF AR
2021 4F 10 A SURFACE TECHNOLOGY - 279 -

S}

=IRSIZEE M EA4T $HE MhIESSERE

HEH, KYKIE, 1T, FIE, RIRE

(FERREBARZ 2SI DERERLLE, MEL 610031)

W E.B8 R T BEAAT F 404005 5 P ae , A 5 4h o 3 A Ae ) Aol A B iR A& PR IE . 5 ik R
T #5575 W R SR AL, FEAGE M RAE R JE AR IRIE fe il ALERE P, 3T BEAAT & hARK AT 98 35K 08, WA
KR RRFRFE T RN ES SN W&, RBRGARLRY BAE, RETT LSS ATMESRT, @it
12F BB 7 R AR BT B AT, TR R SR A Sy R TTE S T, R TAR P,
XA 7 MR A 355 MPa, M fERARERBE P, XAF R AT AR, 107 A IR R Rx 5L 64k 57 3% B A% )
245 MPa, A8 E S 3R P AL T 31%. Gumbel 5 H %t 5 Weibull AL 5 it Aart, #i& 4348 EA4T
F A AR R B B AR LR R BRI T AL, BRI, BT ALH AT RE MR, AL A
Uk, AR ERKT AB LY R ITE, RARET, ZMAA 629 MPa-m', JEIRIRE T B
2] 4.1 MPa'm'”, %6 IR EAK EAAT 4IE 5 A 009 TR R RL, MR T 2Ly R,
b T HSHANRIER LY e, TS REGAR) —R KA, BRI ESY RILFEA B,
KEE: EAAT; Bik; Ko 2@EPh; AEdK; 2Ry EITEMAE

HRESES: TG172 XEHRIAB: A XEHS: 1001-3660(2021)10-0279-07

DOI: 10.16490/j.cnki.issn.1001-3660.2021.10.028

Corrosion Fatigue Behavior of EA4T Steel for High Speed Train Axles
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(State-Key Laboratory of Traction Power, Southwest Jiaotong University, Chengdu 610031, China)

ABSTRACT: The fatigue performance of EA4T axle steel in corrosive environment was studied to provide the basis for corrosion
detection and service life evaluation of axle. The fatigue test of EA4T axle steel specimen was carried out by rotating bending
fatigue testing machine in air environment and corrosive environment simulated by artificial rainwater to get the fatigue S-N
curves, surface damage and crack propagation of the samples under different environments. Then the probability of crack
propagation was calculated. The fatigue failure fracture was observed by scanning electron microscopy, and the change of crack
growth threshold in different environments was analyzed and compared. The fatigue limit of samples in the air environment was
355 MPa, while in the corrosive environment, there was no fatigue limit. The fatigue strength corresponding to 107 cycles was

reduced to 245 MPa, which was 31% lower than that in the air environment; Gumbel distribution statistics was more suitable
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than Weibull distribution statistics to describe the change of corrosion crack length on EA4T axle steel specimen surface with

loading times; In corrosive environment, fatigue cracks originate in surface corrosion pits, and multiple crack sources exist; The

threshold value of crack growth in corrosive environment was significantly reduced, which was 6.29 MPa-m"? in air environment

and 4.1 MPa'm"? in corrosive environment. Corrosion environment reduces fatigue life of EA4T steel mainly because it reduced

the threshold of crack propagation, accelerated crack initiation and short crack propagation, when the crack reached a certain

length, corrosion environment had little effect on crack propagation.

KEY WORDS: EA4T; corrosion; fatigue; surface damage; artificial rain; crack growth threshold value
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Tab.1 Chemical compositions of EA4T steel'!

wt%

C Si Mn P

Cr Cu Ni Mo

0.27 0.39 0.72 0.0075

0.0013 1.11 0.014 0.25 0.247
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Tab.2 Mechanical properties of EA4T steel!'¥!

Young’s modulus/GPa Yield strength/MPa

Poisson ratio

Tensile strength/MPa Elongation/%

209 642

760 19
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Tab.3 Artificial rainwater composition
mg/L
(NH4)st4 Ca(NO4)2 NacCl MgCIZ CaSO4
9.2 4.6 3.0 2.1 11.2
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Tab.4 Experimental grouping of EA4T samples

Group of - Sample The experiment content

sample number
1 15 Obtain the S-N curve in the air environ-
ment
2 6 Crack replica in the air environment
3 15 Obtaining S-N curve in corrosive envir-
onment
4 6 Crack replica in corrosive environment
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Fig.3 Corrosion fatigue test equipment
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Fig.5 Corrosion pit-microcrack transformation in corrosive environment at 360 MPa

W SR PR R B T A URE R T, T DA B 5
55 P85 A AT A D TR, D A B I A A 2 5 B0 R
FTEIE E P, TR S T &5 RN 1 iR
P Murakami S50V I 25 R FE ZLGUR N ) 1V ) 4
HREK TRIARR

K, z1+2JZ (1)
0

Horp, e R R 5 p il IR AS) il A4
AR ik 5T TR B A i R EE LG ol B0 TR
T, NS R KRN X ORI T
Toh B T B2 A0 ek B, 68 b TR P A P i S A T
ST BE, BN JE ORISR, T S ik 2
HEAZ T B REUE I TR B, TR TR
HRBCAT f 5 AL A o [ AR UL 556 39 JE et 70 P e R AR BE 45 1
TIKA 5, ANRIRL 37K T 1B ek e e R T P DL 3%
5. N s RTIE I, RKEBAR, JERTRY i

x5 ABREAKETEMHTEKXRE
Tab.5 Critical depth of corrosion pit under different stress
levels

Stress/MPa Maximum depth of corrosion pit/um
260 19.25
280 15.14
300 14.25
330 8.9
360 8.78
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Fig.7 Evolution of surface cracks under 300 MPa stress level

R=96.3%
R=95.6% &

O
(=]
T

~
(=]
T

R*=93.1%

W
(=]
T

® 6x10* cycle
v A 9x10%cycle
v & 1.2x10° cycle
v 2x10° cycle

100 1000
Crack length/um

K8 360 MPa [ Jj KT 2% i 24 80 1) 18 A

Fig.8 Evolution of surface cracks under 360 MPa stress level
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Tab.6 The number and density of cracks in different life stages under two stress levels and the Gumber distribution fitting

parameters of the relevant data

Stress/MPa Cycles Number of cracks Observation area/um’ Cracks density/mm > A 0
300 1x10° 14 258%258%10 21 41.52 9.74
1.8x10° 16 258x258%10 24 84.17 34.48
2.6x10° 40 1281x1281x4 6 288.33 111.11
360 6x10° 19 258%258x%10 28 43.16 29.32
9x10° 13 258%258%10 19 74.38 53.47
1.2x10° 38 1281x1281x4 6 183.31 99.01
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Fig.9 Fatigue fracture observation of specimens under 360 MPa stress level (N=9.8x10%) in air environment: (a) fracture

morphology, (b) main crack source
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Fig.10 Fatigue fracture observation of 240 MPa (N=1.2x10")specimen in corrosive environment: (a) fracture morphology, (b) the

source of the crack originated in the corrosion pit
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