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Recent Evaluation Procedures of Nonmetallic Inclusions in Bearing Steels
(Statistics of extreme value method and development of higher frequency ultrasonic testing method )
Yoshiyuki Kato, Kaiko Sato, Kazuhiko Hiraoka and Yoshio Nuri

Synopsis: Large microscopic inclusions from 20 to 100 (um in diameter has recently been paid attention from the view point
of fatigue strength of steel products. As the inclusion detection capability, or probability, is practically limited in con-
ventional optical microscopy, however, the evaluation of the distribution of these inclusions used to be feasible only
by extraction method such as acid-solution procedure. It has been found that ultrasonic testing with 50 to 125 MHz
frequency, focus-type transducers is suitable to evaluate the inclusions where echo intensity is proportional to
inclusion diameter. This testing procedure was applied to evaluate large volume with 20 to a few 100 g with various
conditions to correct echo intensity. This ultrasonic system evaluates globular oxide inclusions of approximately 20
um or larger diameter, where the number, diameter distribution and three-dimensional locations of the inclusions
are examined by a plane scanning method. In addition, the system was automated to allow long-time operation for
the examination of large volume. This paper will describe recent inclusion evaluation procedures and, as a main
body, the results of the application of the new ultrasonic testing system. Included are:

* Relationship between oxygen content in steel and maximum inclusion diameter in steel predicted by statistics of
extreme value with the aid of microscopic image analysis,

* Inclusion diameter distribution that measured directly by the ultrasonic testing.

The inclusion evaluation of this ultrasonic method, however, is not perfect at present as long as the treatment of
“Outlying observations”, which occur unexpectedly, is not established. For this reason, the development of more
sensitive probes and detectors to examine larger volume efficiently and so on will be the next subject.

Key words: non-metallic inclusion, bearing steel, cleanliness, ultrasonic testing, micro inclusion, oxygen content, SAE 52100,
statistics of extreme values, outlying observation
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Fig. 1. Size of defects and evaluation method.
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Fig. 2. Immersion transducer and condition of ultrasonic detection.
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Tablel. Operating condition and specimen preparation of ultrasonic testing.

Item Measurement condition

ltem Measurement condition

Total detection limit 100MHz0 25 m

Diameter 0 100z mO dO O Size of image

0O PFO 12.5mm0 of inclusions 00000 dia.0d0O0OBeam dia.O
50MHz0 30[& m 0 1000 mO Regression
0 PFO 12.5mm0O 00000 dOaxOb

Heat treatment Quenched or Frequency 50 to 125MHz

0 Recommended Quenched & tempered

Surface roughness Rmax.0 5.0[&m

100x 100mm>0
400 60minutes/piece

Scanning time

Scanning area Rough scanningC

x depth 0 Max 100mmx 100mmx [ 0.5
0 tol1.00 mm[ 5000 to 10000mm?

0 040 g to 80 g/piecel
Precise scanningd
0 1.0x 1.0x 00.5t0 1.00 mm?

voids and inclusions

Discrimination between P/AO PO Positive echoamplitude [

00O ADO Total echo amplituded
P/AO 0.450 InclusionO
P/AO 0.550 Void

Focal position Center of thegate Calibration Reference block
0 ¢ 0.40mm FBHO
Incline Less than 0.1mm/100mm Evaluation A typel impossible

0 ASTM E45 chartO

B typeO clusterd O

00000 O possibled imperfectd
D typel globular oxide O
000000 possible

Distance amplitude
correction

Quadratic equation
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