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Development of Evaluation Method for Nonmetallic Inclusions in Steel through 15MHz Ultrasonic Test
Kaiko Sato, Ichiro Takasu and Yasukazu Unigame

Synopsis: Cleanliness improvement efforts for bearing steels have been continued, while it has been well-known that the
fatigue properties of bearing products are extraordinary affected by nonmetallic inclusions.
In the bearing products used in a clean environment, it is known that an internal inclusion can be a starting point of
fatigue fracture. And the rolling contact fatigue life of bearings is described as two concepts. One is "L10 life",
which represents general bearing performance, and the other is "accidental short life". The "L10 life" is affected by
small or middle size inclusions that are tens of microns or several microns in diameter. Such inclusions are
evaluated by oxygen analysis, microscopy and ultrasonic detection with high frequency probes of 50-100MHz. On
the other hand, "accidental short life" is caused by macroscopic inclusions with 100-micron or larger diameter.
From the viewpoint of higher reliability of bearing steels, Sanyo has developed 15MHz ultrasonic testing method
for macroscopic inclusions in steel.
In this paper, outline of the equipment, detection performances for nonmetallic inclusions, and basic characteristics
related on the point-focus type ultrasonic probe, were explained on the 15MHzUT, and one of application
examples was also shown.
15MHzUT was useful for the evaluation of the macroscopic inclusions and this method was also effective for the
demonstration of the high reliability of clean steels.

key words: UST (Ultrasonic Testing); high frequency; reliability; cleanliness; steel; macroscopic inclusion; nonmetallic
inclusion; bearing steel; semifinished product
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Fig.3 Screen to input ultrasonic testing conditions.

Fig.4 Appearance of 15MHz-probe.
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Table1. Specifications of the 15MHz-probe.
Focus type Point focus
Nominal frequency 15MHz
Transducer element dimensions @ 12.7mm
Focal distance in water 150mm (Nominal)

4 2
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inspection

Probe unit
—
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zone |4 I in steel
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Fig.5 Schematic diagram of ultrasonic testing.
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Fig.9 Relation between echo amplitude of 15MHzUT

and inclusion size (v AREA) by microscopy.
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Fig.10 Relation between echo amplitude of 15MHzUT
and inclusion width by microscopy.
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Fig.11 Procedure to investigate the influence of
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detectability of macroscopic inclusions by
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Table2. Ultrasonic testing conditions.

Standard Standard sensitivity value is

sensitivity obtained from the artificial flaw
of the ¢1.5mm flat bottom hole
of the STB-A22 calibration
block?®” and set as the 80%
of echo amplitude.

Testing Sensitize 20dB from the

sensitivity standard sensitivity value

Geometrical focal 22.5mm in depth
point in steel

Gate

10mm to 35mm in depth
Plane (X—Y)

0.2mm on X axis

Scanning

Scanning pitch
0.2mm on Y axis
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Fig.23 Echo amplitude distribution of inclusions
detected by 15MHzUT in clean steel.
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