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ABSTRACT

Vibration analysis of engine faults is an approach to diagnose the engine condition. This study presents a
study of vibration analysis of the normal engine and the engine with three different fault conditions. The
gasoline engine was selected in this study. The accelerometer has been used at the surface of the engine to
measure the vibration in the form of acceleration for all possible directions. Three conditions of engine faults
including the engine that is not smooth while idling, the engine that goes missing while idling and the engine
that has no power are selected. Five vibration signal parameters including fundamental frequency, long term
spectrum, energy, long term cepstrum and zero crossing rate, are computed from all databases. The significant
differences between normal engine and the fault engines are concluded. It can be obviously seen that the signal
parameters are able to discriminate all three conditions and the engine with normal condition.
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1. INTRODUCTION

A vibration analysis of the engine with faults becomes
interesting in recent years. Signal analysis is a challenging
tool to apply with the fault diagnosis of the engine, since the
advanced technology of signal processing has been
developed. Therefore several appropriated techniques of
signal processing are adapted to vibration analysis. The
main purpose of this work is to develop a tool to assist the
engine mechanic to diagnose the engine faults.

As for vibration analysis, the accelerometer has been
widely applied at the surface of the engine to measure the
vibration in the form of acceleration for all possible
directions. Subsequently, the important features are
extracted from the measured acceleration signals. These
features represent the differences among all cases of the
engine faults. At the beginning, the gasoline engines for
personal cars have been chosen in this study since they have
been widely used.

In 2005, the techniques of sound intensity have been
used to analysis of engine front noise by (Hong and Bing,
2005). The source of noise was detected and the noise level

was consequently reduced based on the signal processing
techniques for the diesel engines.

As for engine-fault diagnosis, Sharkey et al. (2000) used
cylinder pressure and vibration signal to diagnose the robust
faults. Modgil et al. (2004) performed the diagnostics of
vibration for the engine test cells. The vibration signal had
preliminarily been employed especially for the marine
engine by (Zhan et al., 2007). Moreover, Klinchacam and
Nivesrangsan (2010) used the vibration signal to monitor
the valve clearance fault on a small four strokes petrol
engine in 2010. It has been seen from many studies that the
vibration signal plays a very significant role in the engine
diagnosis. Therefore, this study applies the vibration signal
in the gasoline engine diagnostics.

2. MATERIALS AND METHODS

2.1. Experimental Design

The experimental design is shown in Fig. 1. It can be
seen that the vibration signals are collected into an
engine vibration database and a fault engine vibration
database as depicted in the top of Fig. 1.
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After that, the calculation of signal parameters is
performed both for the engine vibration database and the
fault engine vibration database. The signal parameters
from both databases are therefore compared. Then the
significant differences between normal engine and the
fault engines are empirically extracted from the
presented figures. Finally the data analysis is conducted
to summarize the differences between the normal
engines the simulated fault engines.

From the preliminary study, three important conditions
of engine faults are chosen from a number of conditions of
engine faults which are normally found in the engine
mechanic workshop. They can be listed as follows:

e Engine is not smooth while idling (ripple)
e Engine goes missing while idling (jerk)
e Engine has no power (powerless)

f the experimental design

The gasoline engine with 4 cylinders of 1497-cc
displacement is selected as a test bed, because its silent
sound, well-known brand and economical spare parts.

2.2. Parameter Extraction
2.2.1. Long Term Spectrum

Fast Fourier Transform (FFT) analysis was employed.
The sampling rate of the accelerator was set at 2,048 Hz.
The analyzing window length was at 250 milliseconds and
the overlap was 25%. The symmetric Hamming window
with 512 points was used (Leino, 2009).

Long term Cepstrum: Cepstral analysis is a nonlinear
signal processing technique which is widely applied in
speech signal processing and homomorphic filtering. It is
noted that most of the detail occurs near the origin and in
some peaks higher up the cepstrum.
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Fig. 2. Cepstral analysis procedure of the signal database

It has been seen that the lower ordered coefficients contain
the envelope information. Meanwhile the remainder of the
detail is mostly contained in the peaks which are separated
by the pitch period and contain the fine detail information.
The overall cepstral analysis procedure can be
summarized in Fig. 2 (Leino, 2009).

Fundamental Frequency (F0): In the analysis of human
speech signal, there is a significant amount of data on the
frequency of the voice fundamental or fundamental
frequency. This information has been published for many
languages and for wvarious types of discourse. The
information always include an average measure of FO,
basically expressed in Hz, but in some cases the average
duration of a period has been presented instead Waldstein
and Boothroyd (1994). However, the FO extraction is
applied to the vibration signal. It is expected that some
important frequencies may turn out.

Energy: A signal is often treated as a function of
varying amplitude through time, it has been proved that
the measurement of the strength of a signal would be the
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area under the curve in case of analog signal. However,
this area may have a negative part. This negative part does
not have less strength than a positive signal of the same
size. It turns out that what we call the energy of a signal is
the area under the squared signal. For a discrete signal, the
energy definition is the sum of the squared magnitude of
the samples (Waldstein and Boothroyd, 1994).

Zero Crossing Rate: As for a discrete signal, a zero
crossing is defined when the successive samples of the
signal or sequence have different algebraic signs. The rate
at which zero crossings occur is a simple measure of the
frequency content of a signal. Zero crossing rate is
therefore a measure of number of times in a given time
interval that the amplitude of the signals passes through a
value of zero (Haraty and Ariss, 2007).

2.3. Database Implementation

The databases of the vibration signal are separated
into two sets including an engine vibration database and
a fault engine vibration database. As for the engine
vibration database, thirty-second time interval vibration
signals are recorded twice. As for each time, the signals
contain three signals for three directions of x, y and z
axis. The sampling frequency of the accelerator sensor is
2,048 Hz. Therefore each signal or sequence with 61,440
samples will be provided for each direction. Two
channels are located at the pistons 1 and 4. Moreover, the
records of signals are divided into 2 periods of time
including beginning period of engine start and the stable
period after engine start.

As for the fault engine vibration database, there are
three subsets for three important conditions of engine
faults including the engine that is not smooth while
idling (ripple), the engine that goes missing while idling
(jerk) and the engine that has no power (powerless).
Each subset performs the same way as that of the engine
vibration database explained earlier.

3. RESULTS

The total signal is computed by taking sum square of
all signals in three directions. They are shown in the
following figures comparatively.

4. DISCUSSION

From Fig. 3 and 4, it can be seen that the zero
crossing rate of the engine that is not smooth while
idling (ripple) is much more frequently occurred than
that of the engine with normal condition.
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Fig. 3. Five parameters extracted from engine with normal condition
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Fig. 4. Five parameters extracted from engine that is not smooth while idling (ripple)
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Fig. 5. Five parameters extracted from engine that goes missing while idling (jerk)
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Fig. 6. Five parameters extracted from engine that has no power (powerless)

as for the long term cepstrum, the

component at low quefrency of the engine with ripple
exists at the sample under 10, meanwhile the
component at low quefrency of the engine with
normal condition exists at the sample under 50.

From Fig. 3 and 5, it can be seen that the zero
crossing rate of the engine that goes missing while
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idling (jerk) is much less frequently occurred than that
of the engine with normal condition. Moreover, as for
the long term cepstrum, the component at low
quefrency of the engine with jerk mostly exists at the
sample under 20 as seen in Fig. 5.

From Fig. 3 and 6, it can be seen that the zero crossing
rate of the engine that has no power (powerless) is much
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more frequently occurred than that of the engine with
normal condition. From the long term spectrum, it has
been noted that there are two periods of dominant
components existing at around 150-200 Hz and 300-400
Hz for the powerless engine, however it does not happen
for the engine with normal condition. As for waveform,
FO, energy and long term cepstrum, there is no significant
difference between both cases.

5. CONCLUSION

This study proposes a study of vibration analysis of
engine with three different fault conditions. Three
conditions of engine faults including the engine that is
not smooth while idling (ripple), the engine that goes
missing while idling (jerk) and the engine that has no
power (powerless) are provided. The engine vibration
database and the fault engine vibration database were
implemented. Five vibration signal parameters from both
databases are calculated and then compared. The
significant differences between normal engine and the
fault engines are extracted from the presented figures.
The signal parameters of FO, long term spectrum,
energy, long term cepstrum and zero crossing rate are
able to discriminate all three conditions and the
engine with normal condition.
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