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1. Introduction

With the recent trend of the increase in output and in size of
primemovers, it has become necessary to investigate the thermal fatigue
problem concerning the repeated thermal stress wave superposed with
high frequency secondary wave. The combustion chamber wall of the
large diesel engine is a typical example to the above. This paper
reports the results of the experiments mainly about the mutual inter-
ference between low cycle fatigue strength and high cycle fatigue
strength, i.e. the combined wave fatigue strength.
2. Test material and test conditions

Test material is 0.5 Mo-cast steel which has chemical composition
and mechanical properties as shown

in Table 1. The test specimens were
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heat treated as follows; 900°C x 4H

oil quenching, 680°C x 4H air cool-

Fig | Test Pattern of Combined Wave Fatique Test.

ing. The stress wave pattern of
Table | Chemical Composition and Tensile Properties.
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these experiments

is shown in Fig.

017 | 041 | 0S8 | 0006 | 00IS | Q49

1. The fatigue

TwTemp.[YieH Stress| Tensile | True Tensile | Elongation | Contraction | Young's

Strength | Strength Modulus t i 43
(o) | (kg/mma) | (kg/mmd)| (kgsmme) | (%) %) | (ogmmy|  BeST conditions
R.T 259 505 713 260 378 2.1x10* are shown in
300 | 261 557 757 158 302 1.9x10* T
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500 238 458 831 25.1 608 1 6x10* abisi 2 mad tie
tests were
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Table 2 Test Conditions conducted under
Symbols | Test Temp. | Primary Wave Wave
— Secondary Note W constant stress
R R.T ‘g— 2000 cpm High Cycle Fatique
cpm = Low Cycle Fati 1i i
:_ : Pia . oweies Fatigue amplitude with
- 10 ” =
A P 2000 130 tension compres-
ae ° . 2000 ~ = 100| } Mutual Interference
- i “ 2000 ~ = 60 .
:_ ; B . - 30 sion stresses.
- 2 m ” =100
:- 9 2 - 400 # -IQO}H‘q‘"W The gauge part of
-10 10 « 2000 ~ =100| Mean Stress .
:_ ; g — o o - each specimen is
= 10 cpm = Low i i
- g . oweis0 Cycle Fatique a solid cylinder
H- 5 0« 2000 » - 90| Mutudl inferference
H-8 2 . 2000 « . %0 of 11 mm diameter
H- 9 2 - | 400« - opllFreency
and 40mm length.
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Fig. 2 Tost Muesuite of Comtined Weve Fatigue Test. (R.T)

results of combined stress
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in Fig. 2 and Fig. 3. From
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these figures, it can be seen

that fatigue strength con-

siderably decreases when

Stress Ampatude of Primary Wove Og (hgmma)
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secondary wave stress ampli-
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tude on primary stress wave

Cycle o Folwe an Prmary Wove Ny,

i3 3 Test Resutts of Combined Wove Fatigue Test (S00C) exists. On the other hand,
these data, when rearranged with max. stress amplitude 6a , show that

there are noneffective stress amplitude of secondary wavgl)(‘g) which
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fable 3 Caiculation Results of Fatigue Damage (1 Primary cycle) bae oy fnnluace to

T vest e Miners Low bctiey fatigue strength of

D Test N Test D rign Otow Dok | Nored %T‘;‘N-Cl’ .
combined stress wave
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10 |arTuct|21 w0’ |40mad’ |222x16%| 6 24101 8000|763 35 fatigue. This non-
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examined several kinds

of calculation methods

by which the fatigue strength on the combined waves were predicted.
The results of these calculations are shown in Table 3.
(1) Linear damage law

The damage by low cycle fatigue is presumed by max. stress ampli-
tude 6a from the results of experiment R-2 and H-2. The damage by
high cycle fatigue is presumed from the results of experiment R-1 and
H-1 by considering the effect of primary stress wave as mean stress,
using modified Goodman's method. The effect of mean stress was calcu-
lated by dividing one primary wave cycle in 36 blocks. In this way
the life to fatigue failure was evaluated based upon the above two
damages using Miner's law.
(2) Corten-Dolan law

The damage by primary and secondary stress wave was calculated by
modifying the gradient of S-N diagram (R-1, H-1). The calculated
gradient of S-N diagram was shown in Table 3 as most compatible value.
(3) Yamada and Kitagawa's la\p)(u)

A peak pair method was used for this assumption, and the combined

stress waves were replaced with the stress pattern of the repeated
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and secondary waves is

3 & Eriec o Primary o Seconamry Py shown in Fig. 4. The
fatigue strength for frequency ratio 200 and 1000 is more effective at
500° C than at Room Temperature. The effect of frequency upon the
long fatigue life zone is rather little at both temperatures. These
phenomena cannot be explained clearly by the above fatigue damage
calculation only.

3.3 The effect of mean stress

Experiments were made with mean stress value 10 kg/mm2 and 20
kg/mm® (R-10). The test results are shown in Fig. 5. From the
figure, it became clear that the effect of mean stress to combined
stress wave fatigue could be treated in line with Goodman's diagram
and the cross point of abscissa denotes tensile strength.
3.4 Micro-structure of failed surface

The caterpillar patterns detected at high cycle fatigue (R-1),
low cycle fatigue (R-2) and combined stress wave fatigue (R-3) are
shown in Fig. 6 (omitted herein). Such pattern as above could not be
found in the fatigue failed surface of 500°C test.
4, Conclusion

Characteristics of fatigue strength of the material subjected to
the high cycle and low cycle fatigue were examined in relation to the

damages by mutual interferences of two combined stress waves,
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gg | m% ‘ mean stresses. From the above
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g} % o L examination, it was concluded that
i i ‘\\\\, Terabe Strength
& = [ Trve Tensde ] the fatigue life by combined stress
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9 9 T 3 4 B © ©  wave fatigue should not be evalu-

Mean Stress  Ow (kg/mm?)
ated by the damage of low cycle

Fig 3 Effect of Mean Stress of Combined Wave Fatiqus.
fatigue or high cycle fatigue separately, because either one of them
cannot explain independently the characteristics of noneffective
secondary stress amplitude and effect of frequencies, etc. Therefore
the predicting method of fatigue life by combined stress wave fatigue
should be established considering the behavior of strain as cycle
dependent stress relaxatio&S)(é).

This paper deals with one of the researches, sponsored by Ship-
building Research Association of Japan.
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