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Abstract: To solve the problem that the effect of microstructure on the surface integrity of ultrasonic surface rolling process (USRP) is
unclear, USRP tests were carried out on 45CrNiMoVA steel with ferrite + pearlite and tempered martensite respectively. The surface
morphology, surface roughness, surface microhardness, residual stress, and surface microstructure were analyzed. The results show
that the material with a soft phase is easier to achieve surface finishing effect under USRP, and the surface material is more prone to
plastic deformation, resulting in a more obvious surface hardening effect, but it is difficult to form higher amplitude residual
compressive stress. The results show that the magnitude of residual compressive stress introduced by USRP on the surface of
45CrNiMoVA steel is proportional to its microstructure strength. The residual compressive stress on the surface of 45CrNiMoVA steel is

easy to be “spoon-shaped” under tempered martensitic structure, and the maximum residual compressive stress appears on the
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subsurface, reaching —1 272 MPa. The residual compressive stress on the surface of 45CrNiMoVA steel is easy to be “gradient” under

ferrite + pearlite structure, the maximum residual compressive stress is —694 MPa on the surface. The results show that the structure of

BCT crystal is more prone to grain refinement under the action of USRP, while the structure of BCC crystal is mainly plastic

deformation under the action of USRP. The above rules can be used to guide the accurate regulation of material processing surface

integrity under different microstructure states.

Keywords: 45CrNiMoVA steel; microstructure; ultrasonic surface rolling process; surface integrity
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Table 1 Chemical composition of 45CrNiMoVA steel ( wt. %, GB/T 3077-2015)

C Cr Ni Mo

V Si Mn

0.42-0. 49 0.80-1.1

0.20-0. 30

0.10-0. 20 0.17-0. 37 0.50-0. 80

(a) Ferrite+pearlite (b) Tempered martensite

Bl 1 RFEHAEFESAET 45CNiMoV A RO SUE 51
Fig. 1  Microstructure of 45CrNiMoVA steel

under different heat treatment conditions

%2 45CrNiMoVA R 1EeES 4
Table 2 Mechanical properties of 45SCrNiMoVA steel

o,/MPa oy ,/MPa E/GPa 85/% /% K,/(MPa-m"?)
2120 1639 175 11 27.3 41.8
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Fig.2 True stress—true strain curves of 45CrNiMoVA steel with

different microstructure states at high strain rate
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®£3 TEAALRET 45CrNiMoVA R HFHEEESH
Table 3 Dynamic mechanical properties of 45CrNiMoVA

steel with different microstructure

Microstructure o,/MPa o,./MPa
Ferrite + pearlite 731.5 1240.8
Tempered martensite 1812.6 2 306.3
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Table 4 Experimental parameters of USRP for 45CrNiMoVA steel with different microstructure

Microstructure
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1 300 7
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Displacement / um
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Fig. 4 Ultrasonic vibration signal under no load
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Fig. 10 Microstructure of surface layer cross section of

45CrNiMoVA steel with ferrite and pearlite after USRP
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Fig. 11 Microstructure of surface layer cross section of

45CrNiMoVA steel with tempered martensite after USRP
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