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Abstract The ultrasonic nanocrystal surface modification (UNSM) technique can build a strengthened layer with good
surface integrity on the metal surface, and this layer improves the mechanical properties of metals. The effect of multiple UNSM
on the surface integrity of 304 stainless steel was investigated, and a good strengthened layer was obtained. The surface of 304
stainless steel sample was strengthened by multiple UNSM technique, and the strengthened layers with different depths were
prepared on the surface of the material. The hardness gradient, residual stress gradient, microstructure gradient and surface
morphology of the sample were measured by using the microhardness tester, X-ray residual stress analyzer, 3D morphometer and
metallographic microscope. The results show that the grain size of 304 stainless steel is obviously refined after multiple UNSM
treatment, and the thickness of the strengthened layer increases with the increase of treatment times. Comparing with the
untreated sample, after two times of UNSM treatment, the residual stress on the surface of the sample increased from —156 MPa
to =425 MPa, the depth of residual compressive stress reached 0. 7 mm, and the surface microhardness increased from 185 HV,, ,
to 350 HV,, ,. The results show that the UNSM technology can build a deeper strengthening layer, but it needs to be optimized.
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Tab.1 Chemical compositions of the 304 stainless steel %
JLZE Element C Si Mn Cr Ni P S
i Content 0.036 0.452 1.024 18.14 8.03 0.023 0.001
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Tab.2 Process parameters of UNSM
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Amplitude/ pm

Rl
Moving speed/ ( mm/s)
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Static load/N

Vibration frequency/kHz
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Rolling gap/mm
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Fig. 1 3D topography of samples with different UNSM treatment times
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Fig. 3 Cross-sectional metallographic diagram of samples with different UNSM treatment times
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