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Abstract : This study attempted to effectively diagnose the combustion state of an engine by utilizing the
relationship between combustion chamber pressure and vibration of a ship engine. A vibration sensor was
attached to the cylinder cover, and the measured acceleration data was preprocessed and analyzed through
short-term Fourier transform (STFT). As a result, the ignition and maximum combustion pressure points of
fuel could be accurately identified by converting vertical acceleration data into displacements, and the
possibility of real-time engine combustion status diagnosis was confirmed by identifying displacement signal
changes and irregular patterns in abnormal combustion status such as misfire and knocking. This technology
is expected to be in the vanguard of measuring the performance of small and medium-sized marine engines,
where it is difficult to measure combustion chamber pressure, and for diagnosing engine combustion status
at low cost in the era of autonomous ships.

Key Words : Vibration Sensor, Data-preprocessing, Short-Time Fourier Transform, Vibration Displacement,
Combustion Status Diagnosis
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Table 1 Specification of the main engine
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@ DAU Pressure sensor(ABB)
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Fig. 2 Installation of accelerometer at cylinder cover
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Table 2 Specifications for the experimental equipment

Category Description
Type: Incremental
Encoder Pulse/Rev.: 1024/1024
Output: A, B, Z
Model: DAU-11
Pressure Type: PFPL203
sensor &
Amplifier Measuring range: 0-250 bar
Combined errors: <£0.5% of FS
Type: IEPE(ICP)
Accelerom Sensitivity: 10.2 mV/(m/s%)
eter Frequency range: 0.5-10000 Hz
Measuring range: +490 m/s*
Strain Type: FCB-6-350
gauge Resistance: 350 Q

%}7](Signal conditioner)E AA FEsIHch A
o Raln 2z )01 2 (Strain
gauge)& A A|5ke] EA(Torque) 8 35 A4Tst

pite

2EH

2.2 HloJg Hx2|

Fig. 32 & ATollA 283t doly dA=
& vetdch o4 ZA3 dolHE a2 &
= 7|EL2 folHE 24 E % (Resampling)siL,
Zr=(Sensitivity) W Q@ ZAI(Offset)S AASFA T

Data Mcasurcment
(Row Data)
I

Data pre-processing

Data resampling
by crank angle

‘ Sensitivity & Offset ‘

{

Data Conversion
(Vibration data only)
- Vibration(Acccleration)
- Velocity
- Displacement

!

Analysis(Displacement/STFT)
- Tgnmition, Pmax
- Mistire/Knocking

Fig. 3 Flow chart of data pre-processing
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