KB RLF— Z2F A Vol.33, No.4 (2008)

g OB

F 126 EEHFTEE BRI

EHBRERRLUT OB ANICIHEFBIRRRIC
BIFTOIREMIREBRAKEDOEE

S K2
ik Rz

Background

The integrity of equipments
in hydrogen economy

Fatigue failure of material containing small defect is important.

(Two topics)

e Fatigue fracture by stresses below fatigue limit

* Reduction of AK,, by hydrogen

1st

[ Reduction of fatigue strength by under-stress ]

It is often assumed that fatigue fracture would not
occur when all stress amplitudes are within
fatigue limit diagram.

¥
Mean stress o,

In some special loading history, fatigue fracture
occurs in the case of notched specimen, even

when all stresses are within fatigue limit diagram.
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2nd

[Absorbed hydrogen reduces fatigue strength]
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Stress intensity factor range AK (MPam™2)
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[ Test material : SCM440H low alloy steel |

Chemical composition of material (mass%)

Material C Si Mn P S Ni Cr Mo

SCM440H 0.42 0.22 08 0.02 0.02 0.03 1.04 0.16 0.02

Mechanical properties of material

) 60 o 5 @
Material | (Vo | e ) %) HV
SCM440H 911 1025 212 59.6 334
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60deg

30 32 qF 45

Notch shape

Stress relieved in vacuum at 873K t )
for 60 min after machining 10(m | 5[m
20(m | 5[m
100(m | 5[m
Loading : Uniform bending 500(m | 5[m
100{m | 50(m
Frequency : 30Hz 500(m | 100(m
500{m | 300{m

Environment : In air, at room temp.

[ Fatigue fracture below fatigue Iimit]

Sharp notch: (p = 5um, t =100um)
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Stress amplitude o, (MPa)

SCM440H Tempered at 570C
t=0.1, p=0.005

Number of cycles to failure N¢

[ Non-propagating crack in constant amplitude test ]

Non-propagating crack was not formed at high mean stress under const.amp.
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[Two-step loading below fatigue Iimit]

107cycles at fatigue limit
for the preparation of
non-propagating crack
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fracture at ( 65, 6,5)
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Constant amp.
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E Difference between const. amp. and two-step loading ]

Non-propagating crack No crack
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[ Sharp & deeper notch : p =5um, t = 500pum }

* Similar reduction occurred in deeper notch.
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[ Sharp & very small notch : p =5pum, t = 10pm }

* Reduction occurred also in very small notch.
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(Summary on the effect of notch depth

[

Non-propagating crack ] [ No-crack ]
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Dull notch : p = 300um, t =500pm |
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¢ Reduction did not occur in dull notch

Significant non-propagating crack was
not formed even for R = -1 in dull notch
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AK of non-propagating crack
in two-step fatigue limit specimens
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[ Comparison between two-step and const.amp. data J
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Longer than SCM440H p=0.005 4
20pm notch o t=0.01 X
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t=05 ]

’

10 pm notch

AK y(MPant’?)

Solid : Const. amp. test

Open : 2 step test
Long crack data

0 N 1
-1 0
R

Two-step agreed with const. amp.

« Fatigue limit of two-step loading was determined by the AK,;, of non-propagating crack.
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[Effect of absorbed hydrogen on fatigue Iimit}

* Another reduction was caused by absorbed hydrogen.
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[Comparison between const. amp. and two-step loading J

[ Reduction caused by hydrogen is the same ]
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Conclusion

Fatigue fracture below fatigue limit was examined using two-
step loading pattern.

(1) Fatigue fracture below fatigue limit occurred even in 10um
deep notch.

(2) In two-step load, a non-propagating crack is formed by
the first step stress (R=-1). Thus-formed crack functioned
as a pre-crack for the second step stress with high mean
stress. It propagated under stresses well below fatigue limit.

(3) Fatigue fracture below fatigue limit was triggered when the
AK of non-propagating crack for the second step stress
exceeded the AKy, of constant amplitude.

(4) Absorbed hydrogen caused additional reduction of fatigue
limit in two-step loading.




