e

aff

X

#% & $8 Vol 85 (1999) No. 10

RTERMBEOBELEETICETS
ANV BRERFICSHICRIET
BIERBOREE

FH EA* - LXK

S @E B

Effect of Strengthening Mechanisms on Limit Stress for Slip Bands Formation under Cyclic
Deformation of Hot-rolled Sheet Steel

Masato KURITA, Miyuki YAMAMOTO and Kazutoshi KUNISHIGE

Synopsis : The purpose of this study is to clarify the effect of strengthening mechanisms on fatigue limit for slip bands formation (0o,,). Various kinds of
hot rolled steels were prepared by adding various alloying elements (C, Si and Ti) separately to ferrite plus pearlite steel and ferrite plus
martensite steel. Fatigue tests were performed under load controlled condition. Test specimens were fatigue-tested until they failed or reached
107th cycle. After the tests, slip bands were observed by SEM. The ratio of ferrite grains forming slip bands to all the ferrite grains (SBFR)
was calculated by using test specimens subjected to the stresses just above O, As a result, the followings have been clarified: (1) Strength-

ening of ferrite by addition of solid solution or precipitation elements markedly increased the ratio of &, to tensile strength. This result is
quite the same as for fatigue limit for fracture, which was already found in the previous studies. (2) The plastic strain amplitude for slip
bands formation tends to decrease as &, increases. On the other hand, SBFR increased linearly with plastic strain amplitude. Therefore in-
creasing in O, is concluded to promote localization of slip bands. (3) And also the calculation of microscopic plastic strain limit for slip

bands formation strongly suggested that the strain limit is a kind of material constant of ferrite phase.

Key words : strengthening mechanism; hot-rolled sheet steel; fatigue limit; slip bands; plastic strain.
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Table 1. Chemical compositions (mass%).

C Si Mn P S Cr Mo Ti N
DP-Base | 0.05| 0.51 [ 1.55 [0.021 [0.001 | 0.70 | 0.26 0.0059
DP-C 0.10 { 0.50 | 1.51 [0.020 [0.001 | 0.69 | 0.25 - |0.0066
DP-Ti 0.05 | 0.51 | 1.47 |0.018 |0.001 | 0.69 0.25 0.050 [0.0054
FP-Base 0.05 1 0.06 | 1.17 |0.020 {<.001 - - - 0.0010
FP-C 0.36 | 0.07 | 0.95 |0.020 |<.001 - 0.0028
FP-Ti 0.05 ] 005} 1.17 |0.020 [<.001 0.075 10.0022
FP-ST 0.05 | 1.53 | 1.24 [0.020 {<.001 0.075 [0.0031
Table 2. Mechanical properties.
YS(MPa) | TS(MPa) | EL(%)
DP-Base 297 581 28.3
DP-C 379 736 22.2
DP-Ti 427 649 25.0
FP-Base 283 392 46.0
FP-C 410 619 32.3
FP-Ti 475 550 22.7
FP-ST 503 619 23.2
YS: Yield strength, TS: Tensile strength, EL: Elongation
Table 3. Microstructural characteristics.
d VE(H) HV(F)
(£t m) (%) (5gf load)
DP-Base 6 17 159
DP-C 7 34 175
DP-Ti 6 9 200
FP-Base 14 4 120
FP-C | 8 41 129
FP-Ti 7 2 177
FP-ST 7 1 207
d: Grain size, Vf(H): Volume fraction of hard phase,
HV(F): Vickers hardness of ferrite
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Fig. 1. Methods for investigation on slip bands distribu-
tion.
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Fig. 2. Changes in plastic strain range with number of cy-
cles.

(a) DP-Base (255MPa) (b) DP-C (284MPa) (c) DP-Ti (363MPa)
(d) FP-Base (245MPa) (e) FP-C (225MPa) (f) FP-ST (392MPa)

Fig. 3. SEM micrographs of slip bands and fatigue cracks on test specimen.
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Fig. 6. Distributions of slip bands formation.
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Table 4. Calculated Ep0te
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