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ABSTRACT: In this study, the effects of the residual stress, the microstructure strengthening layer and the surface roughness on
the fatigue performance of micro shot peened EA4T axle steel were evaluated. Two tempering treatments of 250 ‘C for 2 h and
550 ‘C for 4 h were applied on the micro shot peened specimens, and the fatigue effects of the residual stress and the
microstructure strengthening layer of shot peened specimens were carefully studied. The surface roughness, 3D morphology,

residual stress distribution, X-ray diffraction peaks, full width at half maximum of X-ray diffraction profiles and surface
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hardness of the peened and tempered specimens were tested and analyzed, and the rotating bending fatigue test was performed to

determine the fatigue performance. The results showed that the micro shot peening treatment increased the surface roughness,

and introduced the compressive residual stress and work hardening with the depth of about 80~100 um on the surface. Micro

shot peening process improved the fatigue limit of the material from 365 MPa to 470 MPa. The surface microstructure of the

tempered specimens recovered, the micro hardness decreased, and the residual stress released. And the tempering treatments

of 250 °C for 2 h and 550 C for 4 h reduced the fatigue limit of shot peened specimens to 450 MPa and 430 MPa,

respectively. According to the test results, the fatigue strength influencing factors of micro shot peened EA4T axle steel are

quantitatively evaluated, and the results show that the residual stress and the surface microstructure strengthening layer

increase the fatigue strength by about 16% and 23.8% respectively, while the surface roughness reduces the fatigue strength

by about 10%.

KEY WORDS: shot peening; EA4T; residual stress; roughness; microstructure strengthening
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Tab.1 Chemical composition of the EA4T steel

wt%
C Si Mn P S Cr Cu Ni Mo Fe
0.27 0.39 0.72 0.0075 0.0013 1.11 0.014 0.25 0.25 Bal.
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Tab.2 Mechanical properties of the EA4T steel!?
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Fig.1 Specimen shape and dimensions (unit: mm)
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Tab.3 The surface roughness of the UP and M SP specimens

pm
Specimen Ra Rz Rnax
UP 0.05 0.49 0.57
MSP 2.44 15.89 18.51
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Fig.12 Schematic diagram of mechanical loading fatigue
strength evaluation
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Tab.7 Shot peening strength verification under mechanical
loading

ousp  oyp FWHM ogcrs
/MPa /MPa  /(°) /MPa

480 365 3.81 360 1.210 1.211 / /

490 374 3.82 320 1.185 1.203 480 -2.03
500 405 3.77 310 1.180 1.195 514  2.81
540 500 3.72 250 1.147 1.187 613 13.52

K, K., o/MPa e/%

2 7 BIPEAG &5 K0T 0, 7E 490 MPa 5 500 MPa
NHACET , WSS SR BN HER, 540 MPa R P4
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