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ABSTRACT The fatigue properties of vanadium—microalloyed ferrite—pearlite steel 38MnVS and
steel 38MnS at different states were studied by using rotating—bending fatigue test. The results show
that vanadium can improve the fatigue properties of ferrite-pearlite steel mainly through precipitation
strengthening and grain refining mechanism. TEM examination shows that in the as—hot forged state,
the fine V(C, N) particles with about 4 nm in diameter have specific orientation relationship with
ferrite matrix and significant effect on precipitation strengthening and microstructure refinement. The
strengthening effect of soft ferrite raised the slip band initiation stress and delayed crack initiation, the
fatigue property of the as—hot forged steel 38MnVS is much higher than that of steel 38MnS. In the
as—annealed state, the initial fine V(C, N) particles coarsen and are incoherent with ferrite matrix, and
have little effect on precipitation strengthening. Therefore, the fatigue property of the as—annealed
steel 38MnVS is lower than that of the as—hot forged and is comparable to that of the steel 38MnS.
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Table 1 Chemical compositions of the steels tested

(mass fraction, %)

Steel C Si Mn S A" (6] N
38MnS 0.39 0.57 1.40 0.013 0.050 - 0.0017 0.009
38MnVS 0.37 0.18 1.32 0.0082 0.061 0.12 0.0017 0.011
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Fig.1 Optical microstructures of the two tested steels consisted of ferrite and pearlite, as-forged (end temperature
850 C (a) and as—annealed (900 'C /45 min) (b) 38MnVS steels exhibiting both higher content of ferrite
and finer microstructure than as—forged (c) and as—annealed (d) 38MnS steels
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Table 2 Hardness and microstructural parameters of the investigated steels

Steel HV Microhardness Microhardness Hp/Hp Volume fraction Lamellar spacing
of pearlite, HP of ferrite, HF of ferrite V{ of pearlite
HV1o HVo.05 HVo.05 % pm
38MnS-AF 240 245 178 1.38 22.6 0.20
38MnVS-AF 239 250 191 1.31 28.8 0.16
38MnS-AA 211 254 171 1.48 26.2 0.25
38MnVS-AA 212 249 159 1.57 30.8 0.19
Note: AT refers to as—forged, AA refers to as—annealed
BHEA, TRAERBEERIB AL, 38MnVS WAyHH
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Fig.2 TEM images (a, b) of 38MnVS steel in as—
annealed state, fine V(C, N) particles distributed
within ferrite (a) and pearlite (b), and composite
EDP of [001]4—Fe and [001]y(c,ny (€)
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Fig.3 S-N curves obtained by rotating bending fatigue
for the tested steels
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Table 3 Summary of tensile strength and fatigue limit

Steel Tensile Fatigue  Fatigue limit
strength limit ratio
Ry, MPa o_1, MPa 0_1/Rm
38MnS-AF 842 410 0.48
38MnVS-AF 858 470 0.53
38MnS-AA 725 345 0.48
38MnVS-AA 703 345 0.49
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Fig.4 Fractographs of as-forged 38MnS steel (a, c) and
38MnVS steel (b, d) under rotating bending fa-
tigue conditions of 0,=431 MPa, Ny = 6.58 x 10°
cyc (a), 0a=471 MPa, Ny = 1.26 x 10% cyc (b),
0,=471 MPa, Ny = 1.00 x 10° cyc (c), 0a=471
MPa, Ny = 3.83 x 10% cyc (d), showing crack ini-
tiation from specimen surface and propagation in

a way of quasi—cleavage fracture
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Fig.6 SEM photograph of rotating bending fatigued
specimen of as—hot rolled 38MnVS steel, showing
crack preferentially propagated in the ferrite re-
gions
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