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Effects of Strengthening Mechanisms on Fatigue Properties
in Hot-Rolled Sheet Steels with Ferrite Matrix

Osamu Kawano, Jun—ichi Waxita, Takaaki Nakamura and Yukito Haciwara

Synopsis : This study was carried out with a search for hot-rolled high strength sheet steels having excellent formability and .

fatigue properties as background. The effects of strengthening mechanisms on fatigue and tensile properties were
investigated using hot-rolled TS280~880MPa class sheet steels composed of ferrite matrix and harder second phases.
The following results were obtained. The improvement of fatigue limit (FL) associated with an increase from 219 to
27% of volume fraction of harder second phases (V) is small compared with that of tensile strength (TS). The effect
of an increase from 260 points to 480 points of the second phase micro-vickers hardness (H;) on FL is also small
compared with that on TS. The endurance ratio (FL/TS) has a tendency to decrease as H, increases. The changes
in TSXE] and FL XE] values with V, variation are small. The change in TS XEl values with H, variation is small.
FL XEl values, on the other hand, have a tendency to decrease with the increase of H,. FL/TS and FL/YS (yield
stress) increase as the volume fraction of ferrite increases from 73% to 10096. The following empirical formula are
proposed from a least squares analysis to estimate FL. FL (MPa)=10,4 Xd~'2+51X (9Si)+16X (9%Mn)—+80

Key words : fatigue limit ; endurance ratio ; tensile strength ; yield stress ; elongation ; strengthening mechanism ; grain size ; volume

fraction ; hardness ; hot-rolled product ; steels.
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Table 1. Chemical compositions of steels used.
(mass%)
Steel C Si Mn Others
A 0.09 2.16 1.91 Cr:0.09 Nb:0.011
B 0.09 2.20 2.04 Cr:0.10 Nb:0.013
C 0.09 2.30 1.54 Cr:0.09
D 0.08 0.96 1.19 Cr:0.08
E 0.10 0.10 1.12
F 0.05 0.01 0.37
G 0.002 0.01 0.09

Fig. 1. Optical micrographs of steels used.
(1)Steel A-1 (2)Steel A-2 (3)Steel B-1

(4)Steel B-2 (5)Steel C
(7)Steel E  (8)Steel F

(6)Steel D
(9)Steel G
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Table 2. Microstructures of steels used.

steel Phase Vv, V, d
A-1 F+M 79% 21% 3.5um
A-2 F+M 73% 27% 3.4um
B-1 F+M 78% 22% 3.1um
B-2 F+P 83% 17% 3.9um
C F+M 81% 19% 4.2um
D F+M 87% 13% 4.0pgm
E F+P+B 76% 24% 8.8um
F F+P 97% 3% 8.6um
G F 100% 0% 28.5um
Phase : Ferrite(F) Pearlite (P)
Bainite (B) Martensite (M)
V, : Volume fraction of ferrite
V. : Volume fraction of the second phase

d : Mean grain diameter
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Fig. 2. Shape of fatigue specimens.
(dimensions in mm)
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Table 3. Tensile properties of steels used.
(L-direction/T-direction)

steel TS YS YR El Thickness
(MPa) (MPa) (%) (%) mm
A-1 834/836  576/572 69/68 27.0/26.2 3.3
A-2 871/873  596/602 68/69 26.4/24.5 33
B-1 868/880  615/626 71/71 26.1/24.5 33
B-2 676/692  538/548 80/79 31.9/31.8 3.0
C 773/780  505/504 65/65 28.3/26.8 34
D 644/644  427/423 66/66 32.1/295 2.3
E 471/468  334/341 71/73 39.9/40.0 35
F 337/ — 243/ — 72/— 479/ — 2.0
G 275/280  175/177 64/63 53.0/54.9 2.0
L-direction . Longitudinal direction
T-direction - Transverse direction

Table 4. Fatigue properties of steels used.
(L-direction/T-direction)

steel (MaBa) FL/TS FL/YS ~ Lhickness
A-1 378/378 0.45/0.45 0.66/0.66 3.3
A-2 382/392 0.44/0.45 0.64/0.65 3.3
B-1 431/422 0.50/0.48 0.70/0.67 3.3
B-2 392/407 0.58/0.59 0.73/0.74 3.0
C 392/382 0.51/0.49 0.78/0.76 3.4
D 338/329 0.53/0.51 0.79/0.78 2.8
E 211/216 0.45/0.46 0.63/0.63 3.5
F 181/ — 0.54/ — 0.74/ — 2.0
G 152/152 0.55/0.54 0.87/0.86 2.0
L-direction : Longitudinal direction
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irection : Transverse direction
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Fig. 3. Effect of volume fraction of the second
phase (V) on tensile strength (TS) and yield
stress (YS).
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Fig. 4. Effect of volume fraction of the second
phase (V) on fatigue limit (FL) and FL/TS.
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Fig. 5. Effect of micro-vickers hardness of the
second phase (H;) on tensile strength (TS)
and vyield stress (YS).
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Fig. 6. Effect of micro-vickers hardness of the
second phase (H,) on fatigue limit (FL) and
FL/TS.
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Fig. 7. Effect of volume fraction of the second
phase (V;) on FLXEI] and TS XELl
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Fig. 8. Effect of micro-vickers hardness of the
second phase (H,) on FLXE] and TS XEL
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Fig. 9. Relation between FL/TS, FL/YS and vol-
ume fraction of ferrite (V).
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Fig. 10. Comparison between observed and calcu-
lated fatigue limit by equation (1).

Table 5. Summary of analyses for the effect of
grain refinement and solid solutions on
fatigue limit.

Grain Solid .
refingrq%nt K SOhSlti(i?S M A%ggl e
Ko Xd~ s X Si, XMn
Reference | Nfpy/mmve | - MPa/mass% | o3
Ko Ks Ku KK -MPa
Grozier'? 2.4 99 57 0.57 360~680
Nishioka® — 82 27 0.33 450~600
Abe® 7.5 92 42 0.46 290~640
Kurita® - 74 — — 400~600
Yokobori®® 12.2 - - - —
Yokomaku'® 9.5~12.6 - = — 390~450
Tachibana®? 5.6 - - - 353~563
Kage®® 5.4 _ = — 460~470
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