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Project background

A Bainitic bearing steel
A Sensitive to defects
A Fatigue initiated below the surface
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Project background

A Small hole in thin walled pipes
A Non-proportional load cycle
A Elevated temperature (75  °C)
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Stress levels for fatigue
Crack positions around the hole
Number of cycles to crack detection

Suggestion for a suitable criterion for
crack initiation




Project overview

A Experiments on thin walled pipes
A FE-model to predict fatigue
A Findleyds critical pl ane criterion

- Material charactarization
- Uni-axial fatigue parameters
- Surface initiation




Findleyds critical pl ane <cr
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A minimum of two fatigue limits are required

Nilsson F. Fracture Mechanitdrom theory to applications, Fingraf, Sédertélje 2001, p.9




Fatigue testing: alternating push I pull
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Fatigue testing: alternating push I pull
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Element Series unn. C norm. C Atom. C
[wt.%] [wt.%] [at.%]
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Oxygen K  -series 55.50 50.93 63.09
Magnesium K -series 17.37 15.94 12.99
Aluminium K -series 34.57 31.72 23.30
Phosphorus K - series 0.22 0.21 0.13
Calcium K -series 0.46 0.42 0.21
Iron K -series 0.85 0.78 0.28

Total: 108.97 100.00 100.00




Fatigue testing: pulsating 4 -point bending
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Fatigue testing: pulsating 4 - point bending
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Fatigue testing: pulsating torsion

Bainite - torsion
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Fatigue testing: pulsating torsion
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Element unn. C norm. C Atom. C
[wt.9%] [wt.%] [at.%]

Oxygen 18.27 17.98 33.42
Magnesium 1.35 1.33 1.62
Aluminium 5.79 5.70 6.28
Sulfur 22.62 22.26 20.65
Calcium 48.17 47.40 35.18

Total: 101.60 100.00 100.00




Materi al parameters for FiIndl
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FE- model
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FE- model

Tangential stress g, [MPa]
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FE- model

2.6mm hole - Test Cycle 1.2
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Experimental testing
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2.6mm hole - Test Cycle 1.2
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Experiments
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Conclusions

Inclusions cause internally initiated fatigue

A stress gradient is required to ensure surface initiated failure

Findleyds critical pl ane criterion pred
Fatigue despite that the maximal tensile stress was beneath the
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Thank you for your attention!
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FE- model

2.6mm hole - Test Cycle 1.2
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Destance froen notch root [rm]
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Inserting a notch
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