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A Study on Non-propagating Crack in Fatigue
Behavior of Pure Titanium
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Non-propagating Crack("d 7 &), Coaxing Effect( Z37J &7})
Abstract

To verify the existing theory, non-propagating crack(NPC) does not exist in Ti which fullfills the
good conditions for being of NPC, NPC detection in Ti was tried out. Also, the conception of fatigue
limit in Ti and a main cause for NPC being were inquired. NPC was detected in both sharp notch
root (p=0.02mn) and micro pit (diameter = 0.25nm) which held fast to the end under stressing of
fatigue limit. Therefore, the existing theory was identified as mistake. But, NPC can not be detected in
smooth specimen. This fact would be due to the presumption that NPC is very small or crack does
not initiate in smooth specimen. Anyway, the fatigue limit of Ti does not correspond to critical stress
of crack initiation but correspond to critical stress of NPC growth. Measurement on the COD of NPC
in Ti showed that the crack tip was closed even under the peak stress level at fatigue limit. But, after
stress relieving annealing crack tip was opened. Consequently, compressive residual stress which is
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induced around the crack tip is considered to be the factor causing the NPC being.
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Fig. 1 Automatic COD measuring unit

Table 1 Chemical composition of Ti
(wi%%)

H o N Fe | Ti

0.0004 0.11 0.01 0.06 bal.

Table 2 Mechanical properties of Ti

Tensile Yield Elongation Reduction
Strength Strength gatlo of Area
400 290
0, 0,
MPa MPa 30% 55%
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Fig. 2 S-N curves of smooth specimen and pit
specimen of Ti
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Fig. 3 S-N curves of notched specimen
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Fig. 4 The coaxing effect of smooth specimen
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Fig. 6 Stress concentration factor vs. fatigue
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Fig. 7 The photography of NPC initiated at sharp
notch root ( o=0.02mm)
( 0=86MPa, N=107cycle, crack length at
surface = 2.6mm, crack depth = 0.9mm)

Table 3 Values of the critical notch radius at the
branch point in various materials

] Oy |0 | 0o
{MPa) | (MPa) |(MPa)| (mm)

Material

Annealed S10C steel | 373 | 203 |181| 0.6
Annealed S20C steel | 470 | 279 (211 0.5
Annealed S30C steel | 537 | 309 |[235] 0.4
Annealed S50C steel | 673 | 347 [265| 0.25
Heat-treated SSO0C steel| 1010 | 858 | 500 | 0.1

Ti in this study 400 | 290 |250 | 0.04
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Fig. 8 The photography of NPC initiated at
hole-type pit (diameter = depth = 0.25mm,
o= 165MPa, N=10" cycle, crack length
= 0.17mm)
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Fig. 9 The crack opening displacement before
and after stress relieving annealing
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crack
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