T 46

&l g 3

$% & §B Tetsu-to-Hagané Vol. 92 (2006) No. 1

Eﬁﬁ7154h—tx>ﬁfhﬁ%ﬂ®
A ICRIFTRICEBORE

[EE 2 SN E A /N i /N Rl =V -

fedi* - fEAT e - B BT

Effects of Strengthening Mechanisms on Fatigue Properties of Ultrafine Ferrite—Cementite Steels

Yoshiyuki FURUYA, Saburo MATSUOKA, Shunsuke SHIMAKURA, Toshihiro HANAMURA and Shiro TORIZUKA

Synopsis : Fatigue tests were conducted using a series of ultrafine ferrite—cementite steels with the ferrite grain size below 1 um in order to investigate

the effects of precipitation, solid solution and dislocation strengthening on the fatigue properties. Some steels contained 0.15% of carbon and

others 0.45% to investigate the effects of precipitation strengthening since the carbon addition increased the number of cementite particle in

case of the ultrafine ferrite—cementite steels. 0.1% of phosphorus was added to some steels to discuss the effects of solid solution strengthen-

ing. The effects of dislocation strengthening were investigated by comparing the as-rolled steels with the annealed versions. As the result,

tensile strength of the prepared ultrafine ferrite—cementite steels ranged from 721 to 1048 MPa.

All of the prepared ultrafine ferrite—cementite steels showed high fatigue strength and the fatigue limit ratios (fatigue limit/tensile strength)

exceeded 0.5. The fatigue strength of the ultrafine ferrite-cementite steels was higher than that of ferrite—pearlite steels, and as high as that of

tempered martensite steels. In conclusion, all of the above strengthening mechanisms effectively improved the fatigue strength of the ultrafine

ferrite—cementite steels. The reasons why the ultrafine ferrite-cementite steels stably showed high fatigue strength would be because the mi-

crostructures were not only ultrafine but also uniform.

Key words: fatigue; ultrafine ferrite—cementite steel; precipitation strengthening; solid solution strengthening; dislocation strengthening.
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Table 1. Chemical compositions of the steels.

Steel Element (mass %)

C Si Mn P S
15C 0.14 | 0.31 1.51 | 0.001 |0.0006
45C 043 | 0.31 1.50 |<0.001/0.0009

15C-P | 0.14 | 0.30 | 1.48 | 0.093 |0.0007
45C-P | 0.45 | 0.30 1.49 0.10 [0.0011
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Fig. 1. Schematic illustration of the caliber-rolling
process.
Table 2. Annealing condition.
Steel Annealing
15C 773 K/3 h, air-cooled
45C 773 K/30 h, air-cooled
15C-P 773 K/10 h, air-cooled
45C-P 773 K/10 h, air-cooled
>
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1909 10 36 30
Annealing time (h)
Fig. 2. Vickers hardness of the warm caliber-rolled steels

after annealing at 773K for each hour.
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Fig. 3. Microstructures of the warm caliber-rolled steels: (a) 15C as-rolled, (b) 15C annealed, (c) 45C as-rolled, (d) 45C annealed,
(e) 15C-P as-rolled, (f) 15C-P annealed, (g) 45C-P as-rolled and (h) 45C-P annealed.
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Table 3. Mechanical properties and nominal ferrite grain
size of the warm caliber-rolled steels.

. Oy 0B [y , dn

Steel | Annealing (MPa) | (MPa) %) HV (um)
15C As-rolled 829 842 17 286 0.45
773K/3h 694 721 21 236 1.04

45C As-rolled 920 952 17 300 0.43
773 K/30h 770 811 20 270 0.51

15C-P As-rolled 926 926 13 308 0.43
773 K/10h 754 754 24 246 0.88

45C-P As-rolled 1020 1048 15 339 0.44
773 K/10 h 910 935 17 306 0.55

o - Lower yield strength, o s Tensile strength, §: Total elongation,
HV: Vickers hardness, dn: Nominal ferrite grain size
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Table 4. Fatigue test results.

i ali OB 0w J
Steel | Annealing (MPa) | (MPa) | OO P
150 L Asrolled [ 842 | 480 [ 057
- | 773 K/3 h 721 400 0.55
45C | As-rolled 952 540 0.57
| 773K/30h | 811 | 440 | 054
15C-P As-rolled 926 520 0.56
| 773 K/10h 754 440 0.58
p i Asrolled | 1048 | 580 0.55
40P 773K/10h | 935 500 0.53
o p: Tensile strength, o w: Fatigue limit
800 '|@ : As-rolled
O : Annealed at 773 K (30h)
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Fig. 4. S—N curves for the ultrafine ferrite—cementite steels.
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mentite steels plotted against tensile strength, to-
gether with previous ultrafine ferrite—cementite
steels'> and fatigue data sheets.!?
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Fig. 6. Relation of fatigue limits obtained in rotating bend-
ing tests to those obtained in axial loading tests.'
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