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Influences of Microstructures of Fatigue Strength of Medium Carbon Microalloyed Steels

Ichie Nomura

Synopsis

. Influences of the microstructures on the fatigue properties of the medium carbon microalloyed steels were investigated

(1) Under fatigue conditions surface relief
made of slip bands are found to be generated largely on ferrite in the medium carbon ferrite pearlite steels. The fatigue

under the rotating bending fatigue tests. Results obtained are as follows :

crack initiates along the surface relief and propagates along the ferrite/pearlite boundary in the early stage of the
fatigue crack propagation.
strength through strengthening ferrite. Increase in carbon or manganese contents raises the fatigue strength through

(2) Increase in vanadium contents raises the slip band initiation stress and the fatigue

increasing pearlite volume fraction and refining ferrite grain size. Increase in vanadium contents are more effective to
improve the fatigue limit ratio. (3) Coarsening of prior austenite grain size reduces the fatigue limit. This is because
the ferrite precipitated along austenite grain boundary are regarded as small fatigue cracks in medium carbon ferrite

pearlite steels with fine prior austenite grain size.

Key words : microalloyed steel ; medium carbon steel ; fatigue ; vanadium ; ferrite-pearlite ; microstructure.
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Table 1. Chemical compositions of steels. (mass%)

Steel | C Si Mn| P S Cr v
Al 1038]0.24]1.10/0.018 { 0.010 { 0.20 [0.115
A2 ]050]0.23]1.13|0.017 | 0.011 | 0.21 |0.113
A3 1032 0.20| 1.07 | 0.016 | 0.010 | 0.21 |0.115
A4 1039)0.23]|1.43]0.017|0.011 | 0.21 [0.124
A5 1040024 0.79 | 0.016 | 0.010 | 0.12 [0.114
A6 10.39]0.22| 1.12 | 0.017 | 0.008 | 0.21 }0.165
A7 10.38)0.24] 1.09 | 0.015 | 0.011 | 0.22 | 0.053
B 0.48 | 0.20 | 0.88 | 0.014 | 0.055 | 0.17 -
C 0.49 ] 0.19 1 0.93 | 0.026 | 0.051 | 0.19 |0.066
D 0.34 1 0.25| 1.51 | 0.010 | 0.056 | 0.34 |0.290

Table 2. Heat treatments of steels.

Steel |Austenitizing temp. | Forging temp. | Cooling rate from
(K) X) 1073K to 873K (K/s)
Al - A7]| 1473 -] 1323 1.2 (Air cooling)
B 1173, 1373, 1573 (No forging)
C 1173, 1373, 1573 (No forging)
1473 1123, 1273, 1423
D 1573 (No forging)
1523 1373
1473 1073
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Fig. 1. Influences of C, Mn and V contents on tensile
strength and fatigue limit of medium carbon
ferrite pearlite steels (steel A1~ A7).
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Fig. 2. S-N diagrams of roatating bending fatigue
test for 0.49%C-1.1%Mn steels with various
V contents.
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Fig. 3. Influences of C, Mn and V contents on ferrite
hardness, pearlite hardness, ferrite volume
fraction and ferrite grain diameter of
medium carbon ferrite pearlite steels (steel
Al1~AT).
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Fig. 4. Surface relief by slip band on ferrite and initial crack along surface relief of 0.4%C-1.1%Mn-0.17%V steel
afteﬂ{ )5><10“ cycles at 529N/mm? stress amplitude fatigue test. (1,2,3,4 and 5: surface relief, C: initial
crac
(a)Surface viewed under the Nomarski differential interference contrast. (b)Surface etched by 3% nital.
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Fig. 6. S-N diagrams of roatating bending fatigue
test for 0.5%C-0.99Mn-0.07%V steels (ste-
el C) austenitized various temperatures.
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Fig. 7. Influences of austenitizing temperatures on
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fraction and ferrite grain diameter of
medium carbon ferrite pearlite steels.
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