TA—RTA4vIIZIyrarvEERWE
ARSANEHZOREFEESEIIRMICE T SME

B4

HE T3 K% T e TR

alan_hase @sit.ac.jp

A Study on Early Detection of Fatigue Damage
in Thrust Ball Bearing Using Acoustic Emission Technique

Alan HASE

Department of Mechanical Engineering, Faculty of Engineering, Saitama Institute of Technology

Abstract

Rolling bearings are widely used in various machines. As for a large number of bearings
used, there is a strong desire to detect the troubles as soon as possible. Although vibration
analysis is common for the diagnosis of rolling bearings, it is expected that the failure of rolling
bearings can be detected earlier by using an acoustic emission (AE) technique. In this study, the
detection of the fatigue damage of a thrust ball bearing is examined by AE signal and vibration
analysis in order to confirm the difference between the two methods until fatigue damage
occurs. For the AE signal analysis, the maximum amplitude and the frequency spectrum were
mainly used for detection and identification of fatigue damage in the bearing. In addition, the
feature of the AE signals detected when a defect is artificially formed on the raceway surface of
the bearing with Vickers hardness tester was examined. As a result of the experiments, it was
found that AE technique can detect initial cracks due to fatigue damage earlier than vibration
analysis. Also, AE signals always were detected during the lifetime experiment, but it was
found that different frequency components are contained in the AE signals detected at the crack
initiation and the crack extension.

Key Words: acoustic emission (AE), sensing, rolling bearing, lifetime prediction,
frequency analysis
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Fig. 1 Appearance of the experimental setup.
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Fig. 2 Schematic diagram of the experimental setup.
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(b) Amplitude by vibration
Fig. 3 Changes in the AE signal and the vibrational

acceleration about 50 hours later from the start
of the rolling fatigue test.

THENNE <72, WRESNNS<7Z>T
FEACREEMNEL U2 RER EE 2 5. 2 oM
BRI ENER I Nz Z ORI H
I N7 AE 55 FEIEE &2 O FE ik 80w
Wi B2 4187, & OREIREIRITRE RN S,
0.1 MHz LA FIZKRE A E — 7 N EEL T
W5a. BB, M4b) DL D701
MHz DL FOEEBE—7 DABRALND T &
MHn-o 7=,

B S iE, FBRATD X T A~ Kz O &

5
g
s LAUA /N faa
20
UV Y
-5
0 20 40 60 30 100
Time, ps
(a) AE signal waveform
1
=
o
E 0s
&
L]
=

0 01 02 03 04 05 06 07 08 09 1
Frequency, MHz

(b) Frequency spectrum
Fig. 4 Typical AE signal waveform detected

at around 50 hours and its frequency
spectrum.
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Fig. 5 Micrographs of the raceway surface
of the bearing (shaft washer).
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(b) Amplitude by vibration
Fig. 6 Changes in the AE signal and the vibrational

acceleration about 300 hours later from the
start of the rolling fatigue test.
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(b) Frequency spectrum
Fig. 7 Typical AE signal waveform detected

at around 300 hours and its frequency
spectrum.
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Fig. 8 Changes in the AE signal and the vibrational
acceleration about 306 hours later from the
start of the rolling fatigue test.
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Fig. 9 Typical AE signal waveform detected
at around 306 hours and its frequency
spectrum.

(a) after 300 hours

(b) after 306 hours

Fig. 10 Micrographs of the raceway surface
of the bearing (shaft washer).
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Fig. 11 Changes in the AE signal and the vibrational
acceleration about 383 hours later from the
start of the rolling fatigue test.
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Fig. 12 Typical AE signal waveform detected
at around 383 hours and its frequency
spectrum.

Fig. 13 Micrograph of the raceway surface
of the bearing (housing washer).
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Fig. 14 Frequency spectrum of the AE signal
waveform detected in the indentation
test.
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