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The effect of microstructure on fatigue strength has been investigated to develop 780 MPa TS grade high strength hot-
rolled sheet steels applicable to autmotive wheels and chassis. Even if the second phase was beinite-martensite or pearlite,
precipitation strengthening of ferrite matrix suppressed initiation of fatigue cracks, and exhibited an increase in fatigue
limit. The second hard phase of martensite suppressed fatigue crack propagations and exhibited a significant increase in
fatigue strength. As a result, 780 MPa TS grade steel with high fatigue strength, excellent tensile strength-elongation bal-
ance and high hole expanding ratio can be developed. The newly developed steel was applied to automotive high strength

and lightweight wheels for the first time in the world.
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Table 1 Chemical composition, structure and mecharical properties of steels
— L S . — - - —
Chemical composition (mass%) . Volume fI‘flCthn Grain S.l.ZG YS TS El
Structure of ferrite of ferrite (MPa) (MPa) (%)
C Si Mn Ti (%) (pm) i o
A 0.07 1.53 1.84 — F+B+M 89 9.9 419 592 33
B 0.08 1.54 1.83 0.5 F+B+M 89 85 427 711 25
C 0.08 1.53 1.79 0.11 F+B+M 91 7.5 496 772 22
D 0.08 1.54 1.81 0.15 F+B+M 93 7.5 585 808 N
E 0.08 0.68 1.0% — F+P AN 9.2 373 496 39
F 0.08 0.69 1.09 0.03 F+P 93 6.8 485 573 31
G 0.08 0.68 1.09 i 0.06 F+P 95 6.4 564 644 28
F: Ferrite, B: Bainite, M: Martensite, P: Pearlite
Table 2 Chemical composition, structure and mechanical properties of steels
Chemical compositon {mass%) Volume frficlmn YS TS YR Il
Structure of ferrite (MPa) (MP2) %)
C S Mn Ti Nb  Cr o (%) v
H | 008 161 173 010 — Precipitated F+M 81 507 787 0.64 21
1 011 180 155 — — 102! F+M 60 433 264 0.50 21
] 0.11 043 150 016 004 — 1 Precipitated F+B+M 72 679 782 0.87 17
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Fig. 2 Relationship between stress amplitude and number of

cycles to failure in ferrite-bainile-martensite steel
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Fig. 3 Relationship between stress amplitude and number of

cycles to failure in ferrite-pearlite steel
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Fig. 4 Effect of titanium content on: increase of fatigue strength
(dir,) and increase of tensile strength {(ATS)
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Fig. 5 Relationaship between siress intensity factor range (AK)
and fatigue crack propargation rate (da/dN) in ferrite-
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Fig. 6 Effect of titanium content on ratio of increase of fatigue
strength {da,,) to that of tensile strength (ATS, )
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Tahle 3 Chemical composition of newly developed 780 MPa TS
grade steel

e (mass%)
C Si Mn Ti P S Al
008 150 1.80 0.10 0010 0001  0.030

Table 4 Mechanical properties of newly developed 780 MPa TS
grade steel

Thickness (mm) Y5 (MPa) TS (MPa) El (%)
32 7T 653 816 24
45 638 832 22
6.0 659 234 22
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Fig. 8 Effect of microstructure and tensile strength on elonga-
tion
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