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ABSTRACT: The work aims to explore effects of different processing technologies on surface integrity of EA4T axles used in
high speed trains. For EA4T finished axle surface subject to finish turning (FT) and the surface polished and rolled after FT,
surface hardness, surface residual stress, surface microstructure and surface roughness were detected with the Leeb hardness
tester, X-ray diffraction residual stress analyzer, scanning electron microscope and 3D optical microscopy. After FT, average
roughness of the surface was 221HV, axial and circumferential average residual stress were —371 MPa and —231 MPa, respec-
tively. Surface roughness (Ra) was 1.432 um. However, for the surface being polished and rolled after FT, the hardness of in-
creased by 2.3% and 11.6%, respectively; surface axial residual stress increased by 9.7% and 23.5%, respectively; the circumfe-
rential average residual stress increased by 18.6% and 59.3%, respectively. Meanwhile, the surface roughness (Ra) significantly
dropped to 0.442 um and 0.318 um, respectively. Rolling and polishing can improve hardness and residual stress level of the
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axle surface and reduce the surface roughness (Ra). In contrast, rolling has better effects.

KEY WORDS: rolling; polishing; surface integrity; high-speed train; axle
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Fig.1 Processing technology for different parts on EA4T axle
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Tab.1 Eelement content of EA4T axle steel as specified in standard EN 13261—2003

TR C Si Mn p S

Cr Cu Mo Ni A% Fe

it /wt% 0.22~0.29 0.15~0.40 0.50~0.80  0.020 0.015

0.90~1.20  0.30

0.15~0.30  0.30 0.06 Bal.

a 400x

ot

b 1000x

K2 EAAT 450005 AHH 0
Fig.2 Micro metallographic structure of EA4T axle steel
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Tab.2 Test parameters for residual stress in XRD method

Target material Detector Power/W

Diffraction plane

Collimator diameter/mm Diffraction angle/(°)

Cr Full 2D detector 30
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Fig.3 Surface hardness test results of different processing
technologies
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Fig.5 SEM morphology of surface processed in different technologies: (a) fine turning, (b) polishing, (c) rolling
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Fig.6 3D morphology of surface processed in different technologies: (a) fine turning, (b) polishing, (c) rolling
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Fig.7 Circumferential profile of surface processed in different technologies: (a) fine turning, (b) polishing, (c) rolling
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Tab.3 Surface roughness (Ra) after fine turning, polishing and rolling

Roughness(Ra ) /um

Processing | 5 3 p S P Mean roughness/pm
Fine turning 1.416 1.430 1.437 1.413 1.415 1.429 1.423
Polish 0.412 0.414 0.423 0.436 0.470 0.495 0.442
Roll 0.334 0.305 0.329 0.310 0.315 0.316 0.318
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