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Fatigue Strength of Steels Composed of Two Phases

Svnopsis:

Ys Tomora, Nobuyoshi TAGHIBANA,

Kikujiro TANABE, and Kashiro KUROKI

Fatigue strength of two—ductile—phase steels is studied in order to clarify the effects of volume fraction of
the harder phase( f), C*—value(=0.29% proof stress of the harder phase /0.2% proof stress of the softer phase),
and shape of the harder phase grains on the fatigue strength. The alloys used are classified into three groups
with various values of f: Fe—~Cr—Ni alloys composed of austenite and ferrite(A), Fe-C steels composed of fer-

rite and martensite(C), and Fe~Cr-Ni alloys composed of austenite and martensite(D). The C*-value is
changed by aging(A) or tempering(C). The mean grain size ('d) of each alloy is adjusted to be nearly the
same by heat treatment. The main results obtained are as follows:

(1) When the shapes of grains (both of the harder phase and of the softer phase) are nearly spherical,

the effects of f, C*—value, and 4 are as follows.

(a) Effects of f when ¢ is constant; Three regions are observed in the relation of the endurance limit(gw)
vs f. Namely, according to an increase in f, gy hardly changes at first (Ist region), then increases rapidly

(2nd region) and again hardly changes (3rd region).

(b) Effect of C*—value; When alloys belong to the Ist region, gw is independent of C*~value in the case

of an alloy of the 2nd or 3rd region.

(c) Effect of d; ow is estimated to increase with decreasing 4 , which plays an important role to obtain a

two—phase alloy with excellent fatigue strength.

(2) In case of thin plate—like grains of the harder phase, ¢ increases with an increase in f even if f is small.
That is ,the range of each region mentioned above changes by the shape of the harder phase.
(3) The above conclusions (1) and (2) are explained qualitatively by the observed preferential path of

fatigue crack growth.
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Table 1. Chemacal compositions (wt23). X
Alloy C Si Mn P S Nj Cr | Fe | f
Al 0.009 | 0.02 [0.005| 0002] 0016 [ 17.64 | 20.41 | Bal.| 0.0
A2 | 003 |0006/0.0110002] 0010]1365] 2425 | BaL 032
A4 | 002 002 [0.005/0002]0010]| 784 | 2965 Bal.|0.67
A5 | 002 [003 [0.005 0.002 { 0007 | 4.26(3280 | Ral.[1.0
C3 019 [051 [0009[030 [0013| — | — [ Bal, Q44
(oA 033 [072 J0013 [034 [0Q021| — | — Bal.|0.78
D 0033 — —_ — — 1991 | 507 | Bal.| —
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Phoro. 1. Typical optical microstructures; (a) Fe-
Cr-Ni alloys composed of ferrite and aus-
tenite with f=0.67(A4). (b) {(c) Fe-
Cr-Ni alloys composed of austenite and
martensite with f=0.3 (D).
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Fig. 2. S-N curves of aged Fe-Cr-Ni alloys
(alloy-group A).
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Fig. 3. Effects of C*-value on the relation between
endurance limit (ow) and volume fraction
of the harder phase( f).
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Fig. 4. S-N curves of alloy-group C.
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Fig. 5. S-N curves of alloy-group D.
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Photo. 4. Relationship between fatigue cracks and microstructure
(surface of a specimen) in alloy C3.
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Photo. 5. Fatigue cracks in alloy C3 observed at cross section of specimens.
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Photo. 6. Electron fractographs of fatigue-fractured surfaces in alloy-group A.;
(a) A2 (f=0.32), (b) A4 (f=0.67), (c) A5 (f=1.0), (d) A5
(final fractured part), (e) A2, () A4, (g) A5, (h) A5 (final
fractured part) and fractographs from (a) to (d) are as quenched
specimen (C*=3.1) while those from (e) to (h) are quenched and
aged specimens (C*=6.5).

Photo. 7. Electron fractographs in alloy-group C: (a) C3 (f=0.44) and
(b) C4(f=0.78). Both of them were tempered at 600°C (C*=4.5).
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