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Significance of Size and Type of Inclusions on Giga-cycle Fatigue in High-strength Steels

Takayuki ABE, Yoshiyuki FURUYA and Saburo MATSUOKA

Synopsis

: Fatigue tests were carried out up to 10% cycles for a series of 1800 MPa-class spring steels in order to investigate the relation between inclu-

sions and fatigue properties. The fatigue tests were carried out both for billets and bars rolled from the billets and, in case of billets, the tests
were both for RD and TD directions.

Al,Oj rich inclusions were undeformable and not lengthened in rolling. On the other hand, SiO, rich inclusions were divided into small
pieces and the effective sizes for the axial direction were little reduced in rolling although the inclusions were deformable. In turn the differ-
ence of fatigue strength between billets and bars was not so large in most cases. The TD direction fatigue tests showed fish-eye fractures with
the origins of large and lengthened MnS inclusions and the fatigue strengths were about a half of those in the RD direction.

The fatigue data plotted on a modified S-N diagram, in which stress amplitude were normalized by fatigue limits estimated by Murakami’s
equation, were divide into two groups. One consisted of large and lengthened MnS inclusions and large artificial notched defects. The other
consisted of small defects such as Al,O; and TiN inclusions and matrix cracks. The result showed that the effects of the lengthened MnS in-

clusions were almost equal to artificial notches and apparently different from relatively small defects. Moreover, the small defect group was

also divided into Al,O, inclusion group and others, suggesting the effect of properties of defects on the fatigue strengths.
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Table 1. Chemical compositions of spring steels.

Material Element(mass %)
Heat | C Si Mn P S Cu Ni G Al O
SUP12 |B1, 2 ]0.56 1.50 0.67 0.014 0.008 0.01 0.01 0.72 0.021 —
C1, 2 [0.56 1.48 0.72 0.012 0.009 = — 0.71 0.001 0.0021
SWOSC-V |El, 2]0.57 1.46 0.68 0.008 0.006 0.01 0.01 0.68 0.001 —
F1 [0.58 1.44 0.70 0.013 0.006 0.01 0.02 0.70 0.001 0.0021

Table 2. Heat treatment conditions.

Normalizing Quenching Tempering
845 °C/30min, |845°C/30min, |430°C/60min,
air cooled oil quenched water cooled

Table 3. Mechanical properties of spring steels.

Tensile properties Vickers
Material {Heat |0.2% Proof stres | Tensile strength | Reduction of| hardness
S0z (MPa) 68 (MPa) area(%) (HV20)
Bl 1600 1770 47 530
SUP12 B2 1609 1761 48 530
C1 1559 1721 39 511
C2 1571 1764 44 518
El 1579 1752 41 515
SWOSC-v | E2 1586 1743 46 532
F1 1590 1764 44 528
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(a)Specimen for elctromagnetic machine.
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(b)Specimen for ultrasonic machine.

Fig. 1. Profile of fatigue testing specimens. Dimensions

are in mm.
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Table 4. Results of inclusion analysis and fatigue tests.

Inclusion analysis Fatigue limit Fatigue site
Material |Form Heat |Direction EPMA J area, o 64 MPa) Type J area, av.
(4 m) (u_m)
Bar B1 RD Al>Ca>Mg 21 660 M(3), Al203(1) 13, 26
Billet B2 RD. [Al>Ca>Mg>Si 21 612 M(5), TiN(3), Al203(1) | 18,7, 17
SUP12 ™D 26(ellipse) 330 MmS(8) 99
Bar C1 RD  [Si>Ca>Al>Mg 15 770 M(3), TiN(1) 22,1.4
Billet C2 RD |Si>Ca>Al>Mn 14 790 M(4) 16
Bar E1 RD |Si>Ca>Mg>Al 13 780 TiN(3), M(1) 4, 18,
SWOSC-V |[Billet E2 RD Si>Ca>Mg>Al 13 633 TiN(3), M(4), MnS(1) 5.9,9
TD 48(ellipse) 370 MnS(7) 28

(a)SiO: rich inclusion were torn to  (b)SiO: rich inclusion on thinly
picces on thinly extended of bar. extended of billet.

Fig. 2. Typical SiO, rich inclusions in bars and billets
along the axial directions.
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(c)Heat E1(bar) and E2(billet) of SWOSC-V steels.

Fig. 3. S-N curves for SUPI2 and SWOSC-V spring
steels.
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Fig. 4. Fractograph of the fracture site of a MnS inclusion
for RD direction test of heat E2.
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Fig. 5. S-N curves for RD and TD direction test SUP12
and SWOSC-V spring steels.
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Fig. 8. S—N curves for spring steels.
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Fig. 9. Modified S-N curves for spring steels.
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