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Effect of Ageing on Fatigue Life of Low Carbon Steel

under Two-Level Stress Loading
by
Isao OHKAWA*, Masaaki Misumi** and Nobusuke ENOMOTO**

In the case of two-level cyclic stress loading, it is generally recognized in steels that the cumula-
tive cycle ratio (SIN/N,) is greater than unity for a low to high stress sequence (o—>0y) but less
than unity for a high to low stress sequence (oy—>0cy). This kind of deviation from the Palmgren-
Miner’s rule (linear damage rule) is expected to be related to the fatigue damage accumulation
process and age-hardening ability.

Two kinds of low carbon steels were prepared; specimen A, in which the age-hardening ability
was attained through low temperature quenching, and specimen B, in which the ageing process in
specimen A was completed by leaving them at room temperature. In specimen B, the deviation
from Palmgren-Miner’s rule was a little for both op—oy and oy—o;, sequences. On the other
hand, in specimen A which had age-hardening ability, the deviation from Palmgren-Miner’s rule
for o —0y sequence was greater than that in specimen B.

The change of internal friction energy and propagation of fatigue crack were observed during
cyclic loading. Based on the experimental results of accumulation process of internal friction
energy, the following has been assumed.

(1) A part of the internal friction energy is dissipated for the accumulation of fatigue damage.

(2) Crack growth corresponds to fatigue damage.

(3) The accmulation process of fatigue damage is expressed by the Marco-Starkey? and New-
mark? models in which an exponent depends on stress amplitude and increases with progress of
ageing.

Based on the above assumptions, the cumulative cycle ratio was calculated, and the result
showed a similar tendency as the experimental one.
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Fig. 1. Specimen configuration.
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Fig. 2. Variation of hardness after heat treatment.
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Fig. 3. S-N diagrams.

Table I. Chemical composition and mechanical properties of materials.
C ) Si Mn P S
Chemical composition %
0.11 I 0.01 0.39 0.016 0.018
Specimens A B
0.2 %proof stress MPa 253 350
Tensile strength MPa 402 543
Mechanical properties Elongation % 20 15
Contraction af area 13 63 57
Micro-vickers hardness number Hy 147 219
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V; 1 After heat treatment

V, : Before fatigue test

V3: After fatigue test

V, : Aged at R.T. for a month
after fatigue test

AHv

V5~Vp
ViVy

R

[}

[®

(a) Specimen A

—-Maximum

100+
{ -Mean
H\/w f ‘Minimum

>
x
< | _ e B
: T
n 50F l ‘
_g Mean value
5 of (V=¥ }in
£ specimen B
B O i 1 L
(b) SpecimenB

§ 501
E j
‘5 T
>

0 ¥ H

250 300 350
Stress o MPa
Fig. 4. Variation of hardness under

constant stress loading.
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“Table II. Results of fatigue test under two-level stress loading.
Primary Secondary | Number of Number of ‘ Cycle ratio ‘ \ Mean value
stress stress cycles to cycles to cat oy ‘ Number of |
Specimens ‘ failure at oy failure at oy ‘ Cumulative Fatigue
i test piece cycle ratio damage
oy MPa ‘ oy MPa | Ny | NNy S N/Ny 1—No/Nys
I
\ \ I 020 5 |1z | o2
255 319 ‘ 1.549x 108 } 1.517x10° 0.59 9 1.56 0.03
‘ ‘ 0.88 ! 5 1.91 —0.03
A
, \ l | o0z 5 0.84 0.41
319 255 | 1.517x10° 1.549x 108 0.50 5 0.79 0.71
0.75 5 0.86 0.89
‘ \ 0.26 \ 1.12 0.14
284 343 1.633x 108 3.119x10° ‘ 0.53 8 1.18 0.35
0.79 \ 5 1.32 0.47
B i
l 0.26 l 5 0.80 | 0.5
343 284 3.119x10° 1.633x108 | 0.52 i 0.66 0.86
| 0.78 ‘ 5 | 0.93 0.85
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Fig. 12. (a) progress of ageing and (b} accumulation
process of fatigue damage for ¢ —0y sequence.
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