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In line with the advances in factory automation, various pieces of equipment
are now operated in batch processes controlled by computers. However,
many kinds of faults can occur in complicated and large systems, which can
result in low productivity and economic loss. The reliability and safety of
systems have been studied because of the difficulty of determining the
severity and location of faults. Therefore, it is necessary to detect and
diagnose such faults in order to guarantee the reliability and safety of the
equipment. In this paper, a diagnosis method for the ball bearings of a
hydraulic pump is applied using a vibration signal for the maintenance of
injection molding equipment. The bearings' defects are selected as a main
failure mode through a failure mode and effect analysis (FMEA). Usually,
there are nonlinear and impulse components of vibration in a ball bearing
with faults. For the effective fault diagnosis of a ball bearing, nonlinear
diagnostic methods and time-frequency analysis are applied, in addition to
the methods currently used, such as power spectrum, time series analysis,
and statistical methods. As a result of this study, a failure diagnosis system
is provided that is useful even for non-experts. This is a condition-based
method that makes it possible to resolve problems in a timely and
economical way, in contrast to the prior method, which required regular but
wasteful maintenance based on the experience of expensive external experts.
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Fig. 1 Examples of ball bearing defects

Table 2 Characteristic frequency of ball bearing vibration
(inner race rotation case)

Element

FTF
(fundamental
train frequency)
BPFI
(ball pass frequency
of inner race)
BPFO
(ball pass frequency
of outer race)
BSF
(ball spin frequency)
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[ rotating frequency, N: number of balls, B;: ball's diameter,
P;: pitch diameter, o : contact angle
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Fig. 2 Experimental setup for hydraulic pump fault detection
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Table 3 Comparison of vibration amplitude in RMS

Rotation . Outer race Inner race
Normal bearing
speed defect defect

1,730 rpm 2424 /s’ 5.868 m/s® 3.757 m/s®
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Fig. 4 Frequency Analysis of hydraulic pump vibration
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