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Inclusion Inspection Method in Ultra-sonic Fatigue Test

Yoshiyuki FURUYA, Saburo MATSUOKA and Takayuki ABE

Synopsis : This report proposes a new inclusion inspection method using ultra-sonic fatigue tests at 20 kHz. Fish-eye fractures occur in high-strength

steels and the most harmful defect for fatigue in the risk volume of a specimen appears at the fracture site. In the other word, fatigue tests cer-

tainly specify the defect causing fatigue failure.

The method was validated on the basis of fatigue test results for two low-alloy steels and a spring steel. Fatigue tests had a larger inspec-
tion volume and detected a larger inclusion than a conventional direct observation method on mirror surfaces. In case of a low-alloy steel in
which about 10 um Al,0, inclusions existed together with smaller TiN inclusions, the TiN inclusion and matrix cracks also caused fish-eye

fracture. Even in a such case, fatigue tests certainly specify the most harmful defect for fatigue. In case of Al,O; inclusions, the inclusion size

could be measured on the fracture surface. For TiN inclusions, however, the sizes were difficult to measure. For matrix cracks, the size could

be measured in the spring steel but was difficult to measure in a low-alloy steel. Although distinction of inclusions based on ASTM standard

and measurement of TiN inclusion sizes were basically possible in fatigue test, the procedures took time and were costly.

Key words: inclusion inspection; ultrasonic fatigue test; fish-eye fracture; fracture surface; fracture site.
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Fig. 1. Schematic S-N curve for a high-strength steel and
concept of fatigue tests for an inclusion inspection.
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Fig. 2. Ultra-sonic fatigue test machine.
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Fig. 3. Fatigue test specimen for ultra-sonic fatigue test
machine.
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Fig. 4. Fatigue test result for a low-temperature-tempered SNCM439 steel.

Fig. 5. Fractographs for the low-temperature-tempered SNCM439 steel. An Al O, inclusion is the fracture site.
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Fig. 6. Inclusion inspection results. (a) is for mirror surfaces. (b) is measured on fracture surfaces after fatigue tests.
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Fig. 9. Fatigue test result for SCM440 steel.
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(a)

b

Fig. 10. Fractographs for the SCM440 steel. Matrix cracks are the fracture sites. (a) is the case that the fracture site is clearly de-

fined and (b) is not the case.
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Fig. 11. Procedure for observation of an inclusion shape
along an axial direction.
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Fig. 12. Observation of an inclusion shape along axial di-
rection. The inclusion was found un-deformable
D type inclusion in ASTM standard.
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Fig. 13. Fractographs for the SCM440 steel. The TiN inclusion is crack in this case.

Fig. 14. Fractographs for the SCM440 steel. Only top of the TiN inclusion appears on the fracture surface in this case.
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Fig. 15. Fatigue crack initiation sites. (a) is an interface crack between the inclusion and matrix, (b) is a crack in the inclusion and
(c) is the top of the inclusion. (a) is the case of an Al,O; inclusion and (b) and (c) are the cases of TiN inclusions.
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