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Evolution of Micro-gradient Mechanical Properties and Residual Stress
Distribution of 45 Steel by USRP

XU Quanjun LIU Xiuguo GONG Baoming DENG Caiyan WANG Dongpo LIU Yong
(School of Materials Science and Engineering, Tianjin University, Tianjin 300350, China)

Abstract: To address the lack of in-depth study on the mechanical properties and residual stress distribution of the gradient structure of
the material surface, optical microscope (OM) , scanning electron microscope (SEM) and electron back scattering diffraction ( EBSD)
analyses are carried out on the surface gradient structure of normalized 45 steel obtained by ultrasonic surface rolling process (USRP).
The structure is analyzed by optical microscope (OM ), scanning electron microscope (SEM) and electron back scattering diffraction
(EBSD). Several distinct zones can be identified by the plastic deformation, i. e. strongly plastic distorted, plastic deformed and
undeformed areas. The thickness of the plastically deformed area increases with the increase of treatment time, and the maximum
thickness of the plastic deformation layer can reach 680 pwm. Moreover, the instrumental indentation method based on the strain
gradient theory (MSG) is used to determine the gradient mechanical properties of the surface. It is found that the microhardness,
elasticity and plastic deformation properties show obvious gradient changes along the surface depth. Finally, the residual distribution
along the depth is determined by the contour method and X-ray diffraction, respectively, and very good agreement can be obtained by
the two methods. The results show that residual compressive stress field is formed on the surface of the sample after treatment, and the
compressive stress peak value can reach 809. 6 MPa at a depth of about 700 wm from the surface. Systematic analysis of the obvious
gradient changes in the surface layer of the sample in terms of microstructure, yield strength, residual stress distribution and plastic
rheological properties.
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