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Fatigue Properties of High Strength Steel Sheets

Moriyasu NAGAE, Akihiko KATOH, Hiroyuki Kacawa

Masayoshi KURIHARA, Toshio IWASAKI, and Hirosuke INAGAKI

Synopsis:

Fatigue properties of high strength steel sheets were studied in connection with the effects of tensile
strength, sheet thickness, yield ratio and tensile prestrain.
Materials examined in the present study were cold rolled and hot rolled steel sheets of conventional

and low yield ratio types.
and alternative out-of-plane bending.
Principal results are as follows:

Fatigue tests were carried out under the conditions of pulsative axial tension

(1) Fatigue strength increased in proportion to the increase in tensile strength up to 70kgf/mm?2, then
it gradually leveled off above 70kgf/mm? up to 140kgf/mm?.

(2) The thinner steel sheets had the higher fatigue strength.

This tendency was more significant

under out-of-plane bending condition than under axial tension condition.
(3) Low vyield ratio type steel sheets in virgin state had lower fatigue strength compared with

conventionl steels of the same tensile strength.
disappered after prestraining of sheets.

However, this difference in fatigue strength almost

(4) Empirical formulas to estimate fatigue endurance limit were proposed on the basis of a multiple
regression analysis in connection with tensile strength, sheet thickness, yield ratio and clongation of

steel sheet,
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Table 1. Chemical composition and mechanical properties of cold rolled steel sheets.

Chmmical composition (%)

Mechanical properties

Steel Sheet
No. thickness YS TS El YR
mm C Si Mn P S Others (kgf/mm?) (kgf/mm?) (%) (%)
1 0.8 0.034 tr 0.24 0.013 0.015 18.3 30.3 45.6 60.4
2 0.6 0.045 tr 0.21 0.011 0.018 26.3 39.9 39.8 65.9
3 0.8 0.050 0.02 0.23 0.011 0.017 26.1 39.2 39.8 67.1 *
4 1.6 0.046 tr 0.20 0.011 0.018 26.3 38.3 39.2 68.7
5 0.8 0.005 0.66 0.63 0.023 0.008 Ti 0.143 26.5 4.1 40.1 60.1
6 0.75 0.008 0.21 1.57 0.019 0.014 Ti 0.253 22.8 42.2 39.5 54.0 *
7 0.8 0.058 0.06 0.25 0.062 0.006 23.9 38.4 40.2 62.2 *
8 0.8 0.090 0.15 0.72 0.070 0.012 44.6 70.5 24.9 63.3
9 1.4 0.090 1.46 1.78 0.012 0.004 Nb 0.038 42.8 60.5 29.0 70.7 *
10 1.4 0.086 0.15 0.50 0.065 0.010 39.4 61.6 27.3 64.0
11 0.8 0.100 0.54 1.63 0.010 0.003 32.1 62.9 34.4 51.0 *
12 1.4 0.080 0.53 1.64 0.012 0.004 33.5 65.6 30.5 51.1
13 1.6 0.080 0.52 1.60 0.010 0.003 31.2 61.1 25.6 51.1
14 1.2 0.118 0.05 0.67 0.015 0.004 89.7 103.4 6.0 86.8
15 1.0 0.180 0.06 0.76 0.017 0.005 85.6 144.0 7.1 59.4
* Prestrained effect examined
Table 2. Chemical composition and mechanical properties of hot rolled steel sheets.
Mechanical properties
Steel Sheet Chemical composition (%)
No. thickness Y S TS ElL YR
. C Si Mn P S Others (kgf/mm?) (kgf/mm?) (%) (%)
16 2.6 0.048 tr 0.17 0.012 0.008 22.3 34.7 46.1 64.3
17 2.6 0.088 tr 0.34 0.014 0.006 29.3 41.0 35.5 71.5 *
18 2.6 0.086 tr 0.35 0.012 0.004 28.3 39.9 39.9 71.0
19 2.6 0.120 tr 0.58 0.015 0.004 33.3 45.9 31.1 72.5
20 2.6 0.100 tr 0.39 0.020 0.012 Ti 0.045 40.5 51.0 30.5 79.4
21 1.6 0.110 0.54 1.57 0.021 0.007 Nb 0.033 54.5 64.4 22.2 84.6
22 2.6 0.100 0.52 1.49 0.018 0.008 Nb 0.029 54.1 65.7 21.9 82.3 =
23 2.6 0.091 0.27 1.23 0.014 0.001 Nb 0.037 54.5 62.5 24.7 87.2
24 4.5 0.160 0.40 1.44 0.020 0.007 Nb 0.028 51.2 62.9 24.3 81.4
25 2.6 0.080 0.44 2.65 0.012 0.006 45.3 66.3 28.0 68.3 *
26 2.6 0.071 0.52 1.50 0.012 0.001 Cr 0.180 43.1 60.6 32.3 71.1
VvV 0.072 :
* Prestrained effect examined
Table 3. Test conditions.
Axial tension Out-of-plane bending
Specimen ‘ R30
geometry {%k E’%
(unlt inmm) 210 ‘—-90——-|

Testing machine

Electro-magnetic
resonance type
fatigue testing machine

Out-of -plane bending
fatigue testing machine

Frequency CHz)

80-150

25

Stress ratio 0
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Fig. 1. Effect of tensile strength on fatigue
strength of cold rolled steel sheets.
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Fig. 2. Effect of tensile strength on fatigue
strength of hot rolled steel sheets.
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Fig. 3. Relationship between fatigue endurance
limit and tensile strength.
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Fig. 4. Effect of sheet thickness on fatigue
strength.
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Fig. 6. Effect of yield ratio on fatigue strength
under the out-of-plane bending condition.
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Photo. 1. Transmission electron micrographs after
fatigue test (a) precipitation hardening type, and
(b) dual phase type steel sheets.
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Fig. 8. Effect of prestrain on fatigue strength of
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