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ABSTRACT

Various types of faults of the gasoline engine mesyilt in similar symptoms. Sound analysis of eadias been
conducted to diagnose the engine faults. This ghwelsents a study of sound analysis of the norngihe and

the engine with three different fault conditiondieéTgasoline engine was our target of this studg ditgine
sound has been recorded by using a microphonee arthine room for three directions. Three condstioh
engine faults including the engine that is not sitmachile idling, the engine that goes missing widkng and

the engine that has no power are simulated. Irsitieal processing of the sound, we use five sifgailires
including fundamental frequency, long term spectr@mergy, long term cestrum and zero crossing rate.
Thereafter, the important differences between nbemgine and the fault engines are concluded. Tiegmsed
signal features can be used to discriminate akthonditions and the engine with normal condiffectively.

Keywords: Sound Analysis, Gasoline Engine, Fundamental Frecys Long Term Spectrum, Signal
Energy, Long Term Cestrum, Zero Crossing Rate, kcometer

1. INTRODUCTION employed especially for the marine engine by (Ztiaab.,
2007). Meanwhile, Klinchaeam and Nivesrangsan (010

Signal processing in mechanical systems is aapplied the vibration signal to monitor the valeacance
challenging tool in modern interdisciplinary study faults on a small four strokes petrol engine. I$ heen
electrical and mechanical areas. Signal analysisbea  concluded from several studies that the vibratigmed
applied for diagnosing faults of the engine, sisegeral ~ plays a very significant role in the engine diagsasith
techniques of signal processing have been rapidlysignal processing applications.
enhanced. A number of appropriated techniquesyoiBsi To analyze the engine vibration, the accelerometer
processing are developed for vibration analysisis Th has been widely used at the surface of the engise ©
study aims at developing a tool for assisting thgime measure the vibration in the form of accelerationdll
mechanic to diagnose the engine faults. directions. A number of important features are awted

A number of techniques of sound intensity have beenfrom the measured acceleration signals, for exasnple
used to analysis of engine front noise by (Hong andmean of periodic peaks, mean of periodic off-peaks
Bing, 2005). In the study, sources of environmental (Wongchai et al., 2012; Tiun et al.,, 2012),
noise were investigated and the noise level wasfundamental frequency, energy, cepstrum coefficient
deteriorated by using signal processing technidoes and zero crossing rate. These features are expezted
the diesel engines subsequently. distinguish all cases of the engine faults. At the

Sharkeyet al. (2000) used cylinder pressure and beginning period, the gasoline engines for personal
vibration signal to verify the robust faults in the cars have been selected in this study since theg ha
engine fault diagnosis. Modgt al. (2004) conducted been widely used in the all cities of the world.
the diagnostics of vibration for the engine teslisce It can be obviously seen from the previous studies
Moreover, the vibration signal had been prelimigari that both sound and vibration signals play sigaiiic
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roles in the mechanical systems with signal prangss
Therefore, this study applies the sound signal e
with the vibration signal in the previous work ftire
gasoline engine diagnostics.

2. MATERIALSAND METHODS
2.1. Experimental Design

The experimental design is presentedrig. 1. It is a
diagram for sound signals of the engine. It casdmn that
the signals are collected into an engine databasba dault
engine database as depicted in the top of theefigine
calculation of signal parameters is performed hlof the
engine database and the fault engine databasesiginel
parameters from both databases are subsequenthacean
After that the empirical differences between norevagine
and the fault engines are investigated from
corresponding figures. All in all the data analysss
performed to show the differences between the rlorma
engines the simulated fault engines.

Three following important conditions of engine
faults are selected from a number of conditions of
engine faults which are normally found in the emgin
mechanic workshop. The gasoline engine with 4
cylinders of 1497-cc displacement is chosen assh te
bed, because of the silent sound, the well-known
brand and the economical spare parts:

the

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

2.2. Parameter Calculation

In this study, five parameters of signal features a
calculated based on the methods proposed by Hodg an
Bing (2005) as shown below.

Long term  Spectrum: The  well-known
transformation technique of Fast Fourier Transf@FfT)
analysis was performed. As for sound signal dawbas
the sampling rate of 16,000 K4z set as default.

Long term cepstrum: Cepstral analysis is a nonlinea
signal processing technique which is widely applied
speech signal processing and homomorphic filterTig
cepstral analysis procedure is presented Fig. 2
(Chomphan, 2012; Shanmugairal., 2011).

Fundamental Frequency (F0): The essential lowest

frequency of signal is extracted. This frequencyais
principal value existing in the signal of frequerdymain.
The FO extraction is applied to the sound signiaéctly.
Energy: A signal is often treated as a functiomarf/ing
amplitude through time domain, it has been proed the
measurement of the strength of a signal would beatha
under the curve in case of analog signal. To athedarea
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residing in the a negative part, the energy a bigriefined
as the area under the squared signal. In casescafet#i
signal, the definition of signal energy is defiresithe sum
of the squared magnitude of the samples.
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Fig. 1. Block diagram of the experimental design for sosigdals
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Fig. 2. Cepstral analysis procedure of the signal dagabas
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Zero Crossing Rate: In case of discrete signakra z missing while idling (jerk) and the engine that has
crossing is defined when the successive samplegheof power (powerless). Each subset performs the sanye wa
sequence have different algebraic signs. The tashiah ~ as that of the normal engine database. The parawiete
zero crossings occur is a simple measure of tipiérecy ~ Signal features for each case of fault engine was
content of a sequence. compared with that of the normal case.

2.3. Parameter Comparison 3.RESULTS

The sound signal database is separated into tves cas ) ) )
of normal engine and fault engine. In case of fanljine The total signal is computed by taking sum square
databases, there are three subsets for three Bmport of all signals in three directions. They are shown
conditions of engine faults including the enginattis thg following figures comparatlvely. The four figs
not smooth while idling (ripple), the engine thateg  (F19- 3-6) are of sound signals.
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Fig. 3. Five parameters extracted from the sound of engitfenormal condition
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Fig. 4. Five parameters extracted from the sound of eniaeis not smooth while idling (ripple)
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Fig. 5. Five parameters extracted from the sound of erthiaegoes missing while idling (jerk)
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Fig. 6. Five parameters extracted from the sound of enthiaehas no power (powerless)

4. DISCUSSION different. The energy level of the engine that apower
(powerless) is lowest, while the energy level & #mgine
Considering the parameters of the sound of thenengi that is not smooth while idling (ripple) is highest
in Fig. 3-6, it can be seen that the spectrum, cepstrum and

zero crossing rate are not different for all casiesngine 5. CONCLUSION
faults and normal case. On the other hands, Falarest _ _ _
all at the level of 200 Hz. In case of normal eegamd the The study of sound analysis of engine with three

engine that is not smooth while idling (ripple),eth different fault conditions including the engine ttlig not
variance are however quite lower than that of otlaeses.  smooth while idling (ripple), the engine that goeissing
Meanwhile, the averaged energy levels for all cases while idling (jerk) and the engine that has no powe
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