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Improvement in Efficiency of the Macroscopic Inclusions Evaluation Using Ultrasonic Test Equipment
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Synopsis: Rolling contact fatigue life is a key characteristic of bearings. Reliable bearings are expected to have long Ly life

as a bearing performance index, as well as long commercial life without unexpected premature failure on any
pieces of bearings in use. It has long been known that cleanliness is an important material factor to determine the
fatigue life. The aforementioned early failure could be caused by macroscopic inclusions, which have small
density of presence in recent clean steel and thus detection for those inclusions requires evaluation on large
volume of steel. Although higher frequency ultrasonic tests have advantages for non-metallic inclusions
detections, relatively low frequency of 10 to 20MHz ultrasonic tests are useful for both evaluation efficiency of
large volume and detection performance of macroscopic inclusions.

The authors apply focused-beam-type 15 MHz ultrasonic test to detect 0.1mm or larger macroscopic inclusions,
where the efficient evaluation is needed because of assessment for large volume of steel.

In this paper, the basic characteristics of several procedures of ultrasonic tests will be discussed from the

viewpoint of evaluation efficiency for macroscopic inclusions.

Key words: bearing steel, rolling contact fatigue life, macroscopic inclusion, ultrasonic test
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Table 1 Characteristics of each macro inclusion
evaluation method

Frequency Nominal focal point Threshold of FBH Cleanliness Index

[MHz]  (inwater)[mm] conversion [mm]
ASTM E588 10 208 0.17 Number of echo/cm®
Number of echo/dm®
SEP1927 10 Non-focus 0.30 Echo length i’
15MHzUT 15 150 0.12 Number of echo/10kg
10 MHz P-UT 10 100 0.12 Number of echo/10kg

2.1 ASTM E588
ASTM EB88Id. KEBERFESHRICLDHMZAMH
DRENENDIZRHICE T DRIBTH D,

%, AERITBEREDORREZRF T DIcHOIEEEL
B (fI 3R, BRRzHEITRESL. akkoO
LIISECRTEBRE R E L) T oEEM. £ L < I3
MERAV. BERAFNEITFRICELEITD, REEEIL
410cm® (3.2kg) M EZHERT D, FREREDRIEICIE.
M 10mmDEEREL DIk EBERZR D, B
BT RESIN P12, 7. AmmDIE DT > L ZHERD
RELI—53h 5. Level 1~3&EBESIN. 2hd
DEEZBA DRI I—MOBMEEUEESH I
BMBELCY7ONENZMIT D,

2.2 SEP1927

SEP192713. KEBERFGHRBICKDEE., £ L <
ISBREINEROY I ESEHERETHD,

BREFIZT10MHz, FEREDEDZRIND, AEHIS
BEFRABE L ISRNEICEED. BEIN-EDZ
As, HBRAIGTEBERDBERZRF T D/HIC. &)
BENEZT., BEREAFEEZEMMIICK Y EEDT
2, FRIEEBIIERDNEBMEE. FIXIZHMEL O
50mmPALETHhdm? ($940kg). ¢ 50mmAiElIF2dm?® (59
16kg) &9, FREREDREICIES 1.0mm FBH (Flat
Bottomed Hole) MOxItbEEERZA. HREREIIRIE

55

BERRGEEICLDHEP Y I ONEFHERMORFE

BOTADEBESMIKWUClass 1~5D5EEMEICHD
Md, @I T I—HME LIS BuUFERLZWUDT
j_gét?i—ao

2.3 156MHzUT

15MHZUTIZKRBERREAER ICK ). EFE, £L<
ISR NERROYIONENES T D5ETH
Do INFETIZIBMHZUT ERBN 1\ & BIERET IR T
DHEEEHAEHLEDIET. ENEYTEICBETS
N—ZILDEREEZHMICED I EERELTLVDY,

FEFIZT15MHz, KAESEBE150mmOEDER N
D, AEAIIALEL Y MY SFERERAANIETH. BF
RISHREB L. BLIBRE FTERTLETZTD. FHEITRE
BE10kghf=WIBRE LT I—8TT5, 156MHzUT
DFRBISV Area=0.10mmU EDONENEZETED L
SIIKET Do 1BMHZUTDORIBIEREBEHIWAAL, 0
OB LIERO—H6I%Fig. 112" 9, 15MHzZUTIIE 4
DFRE. DN EMHREATETH D, BH. ARES
AD Area (mm) EIINEPDDRESEZRLTEY. E
Z (mm) & (mm) DOFEET/28LTEHL,

Dimension and microstructure
50 um x 470 pum

Ultrasonic echo image

Ultrasonic echo image

o T o

Al,O5-type

Dimension and microstructure
80 um diameter

MgO +AlLO;+Ca0- A|203-type

Fig.1 Examples of flaw microstructure detected by
15MHz ultrasonic tests.
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Fig.2 Schematic view of phased array.
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Fig.3 The outside of ultrasonic test equipment.
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Fig.4 Schematic view of 10 MHz phased array probe.
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Table 2 Specification of 10MHz phased array probe.

Probe type Bi-focal array
Frequency 10 MHz
Number of Elements 128
Element pitch 0.5 mm
Element space 0.1 mm
Element length 15 mm
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Fig.5 Effects of water distance on signal/noise ratio.
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Fig.6 Effects of the number of simultaneously driven
elements on signal/noise ratio.

Fig.8 Examples of macroscopic inclusions detected by 10 MHz PUT.
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Table 3 Corresponding value to FBH on each level of

ASTM ES88.
Sensitivity level Level 1 Level 2 Level 3
Corresponding FBH [mm] 0.17 0.33 042
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Table 4 Sensitivity class and threshold of SEP1927.

Sensitivity class 2 3 4 5
Flat bottom hole [mm] 1.0 1.0 1.0 1.0 1.0
Threshold [%] 80 80 80 80 80
Gain [dB] +6 +12 +15 +18 21
Corresponding FBH [mm] 0.71 0.50 042 0.35 0.30
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Fig.9 Relationship between echo height of 15 MHz UT
and 10 MHz PUT.
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E588

Fig.10 Testing time of each macroscopic inclusion
evaluation method.
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Fig.12 Event probability of macroscopic inclusion of
case hardening steel (a) and high carbon-
chromium bearing steel (b) by ultrasonic testing.
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Fig.13 99% confidence interval of number of
macroscopic inclusion at different testing weight.
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