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Abstract. An experimental study was carried out for measuring vibrations, noise and combustion
characteristics associated correlations using a four-cylinder spark ignition engine. This study
aims to investigate the effects of vibrations and noise on spark-polishing machines that are
triggered by pure gasoline. This test runs at 15% engine load and 20% with engine speed 1000-
2200 rpm at intervals of 300 rpm. The measurement of engine vibration in pistonic uses PCB
Piezotronics ICP® Accelerometer (352C22). Overall tests that have been carried out for 20%
loads at 1900 and 2200 maximum vibrations, the velocity is 0.214 and 0.234, compared to 0.617
and 0.562 for 15% loads. From the results of engine vibration analysis, it can be reported that
increasing engine speed and the load is given engine vibration can significantly decrease.
Generally, noise increases for all samples tested; however, reduced noise is recorded when speed
and engine load increase. This observation is also consistent with other observations related to
vibration and combustion noise, heat release rates, and ignition delays.

1. Introduction

Various automotive industries are now increasingly competing to tie the quality of production,
especially on personal vehicle engines and public transportation. All over the world, from cities to
remote villages have used both small vehicles and large-bodied vehicles. In recent years the demand for
vehicles has increased. Given the ever-increasing demand for the engine, it provides competition for the
automotive industry to provide comfort to passengers, be more efficient, less polluting, cheaper, and
friendly to the environment. In this context, a comprehensive investigation is important to do both fuel
use and repairs to the combustion engine, so that vibration, noise and engine spray characteristics can
be reduced. In this study, the relationship between the engine combustion process and its spray
characteristics with vibration and noise was investigated.

Various scientists have tried and researched the properties of combustion, sprays, vibrations and
noise sourced from internal combustion engines. They are starting from the use of fuel until the addition
of engine material has been carried out. Currently, a lot of research into the effects of vibration and
engine noise using fuel is done on diesel engines. Very little in the literature of investigation of vibration
and noise is carried out on spark ignition engines. Besides, many vibration and noise investigations are
carried out of the effects of using various fuels. Several researchers in recent years have studied
investigations into the performance of spark ignition engines using alcoholic fuels such as ethanol.
However, the effect of vibration and noise on the combustion engine uses very little fuel. Vibration in
the engine is a fluctuation in the mechanical system or equilibrium position in the engine. If engine
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vibration is not controlled, it can cause safety to the occupants[1-2]. Besides, too much vibration also
causes noise in the vehicle. The formation of engine vibration is caused by several structures such as
engine speed, load, oil viscosity and the properties of the fuel used.

The process for calculating engine combustion optimisation is used from variations in the value of
vibration, load, ignition and ignition time. This process, serves to increase fuel consumption, emissions
and noise. Therefore, several attempts have been made to reduce engine vibration characteristics.
Investigation of the effects of vibration and noise characteristics triggered by diesel-petrodiesel fuel has
been carried out [3]. This test is carried out on a four-cylinder engine that has been modified from natural
gas-gasoline fuel. The results of tests carried out can reduce vibration and noise and reduce carbon
monoxide and hydrocarbon emissions. Investigation of vibrations and noise triggered by biodiesel
Karanja fuel has also been carried out by [4]. The highest engine combustion noise is found in the 20%
biodiesel mixture. The highest level of vibration is also found in Karanja-biodiesel at 20%. This is due
to shorter combustion duration, higher heat release and increased ignition delays. The vibration and
noise characteristic effects triggered by ethanol-gasoline blended fuels have been studied by [5]. The
results of this experiment show vibrations and noise increased at 1500 and 2500 rpm. This increase is
due to oxygen content and latent heat which is higher than the fuel mixture of ethanol-gasoline. While
in studies with different vibration and noise characteristics on diesel engines using a diesel-biodiesel
blend has been investigated [6]. This experiment was carried out on four-cylinder and four-stroke
compression ignition engines.

Furthermore, the effect of vibration on the engine triggered by natural gas fuel is correlated with
combustion pressure [7]. The results of this investigation show that the vibrations produced exceed
mechanical vibration. Experiments on Genset machines using diesel-n-butanol mixed fuel to measure
vibration and noise have been studied [8-10]. The test results can be reported that when the engine load
is low, the vibration and noise are slightly better. However, when the engine load is high the vibration
and noise increase. Correlation between vibrations, noise with engine combustion is very strong. Testing
with methanol-gasoline fuel which is run on a spark ignition engine to evaluate engine vibration has
been discussed [11]. This result shows the highest vibration obtained at the engine speed of 1000 and
1300 rpm for gasoline fuel. While the highest vibration of methanol-gasoline is recorded at engine
speeds of 1600 and 1900 rpm. Furthermore, research on noise and vibration has been studied by several
researchers [12-21]. However, in general, their analysis applies to diesel engines with various fuel
mixtures.

The main aim of this study is to investigate the effects of vibrations and noise on spark-ignition
engine that are triggered by pure gasoline. This test runs at 15% engine load and 20% with engine speed
1000-2200 rpm at intervals of 300 rpm. Vibration analysis using PCB Piezotronics ICP® Accelerometer
(352C22). This tool is used to measure the level of the frequency spectrum and vibration in the spark
ignition engine. Analysis of vibration values and engine noise is taken at each engine load and speed.

2. Experimental apparatus and procedure

Spark ignition engine four-cylinder, four-stroke was used as an experimental tool in this study. The
specifications of this machine as shown in Table 1. Test parameters for data collection were obtained
from engine loads of 15% and 20% with engine speeds of 1000 to 2200 rpm at intervals of 300 rpm.
Before the engine data collection is heated first to normalize the vibration and noise on the engine.
Schematic machine diagrams in this study are shown in Figure 1.
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Table 1. Specifications for engine

Descriptions Engine

Engine type
Bore stroke
Number of cylinder
Fuel injection type

Mitsubishi 4G93 SOHC
81.D mm x 89.0 mm
4 (1% cylinder is instrumented)

MCI-Multi (Electronically Controlled Multi-point) fuel injection
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Piston displacement 1.834 L
CR 9.5:1
Max power 86 kw@5500 rpm
Max torque 161 nm@4500 rpm
External
fuel Exhaoust gas
analyser
% -
Fuel Drain
filter %"a'“e = = | |
Fuel
pump | il | |
T d CY Y
enscvesr | W(ED_GD 6D m
&> Encoder |4
crank .
Sensor : ]
RS In-Cylinder Euel

pressure transducer

e

Data acquisition N
system for noise and ¢
vibration

Record Data

Fig. 1. Schematic diagram for engine setup

Fig. 2. Engine experiment
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3. Result and Discussion

As explained in the previous section, the vibration and noise signals measured for engine acceleration
are critical parameters for comparing the vibration signals from the spark ignition engine at 15% and
20% loads with different engine speeds. Figure 3 to 7 illustrate the vibration acceleration signal in two
cycles for 15% and 20% engine loads at different speeds. Vibration signals generated from the engine
have a relationship with the combustion event and valve opening/closing in the engine. From the results
of this analysis, it can be noted that engine vibration decreases when the load and engine speed increase
is shown in Figure 6 and 7. The maximum value for engine loads is 20% at speeds of 1900 and 2200
rpm at 0.214% and 0.234% lower compared to 15% engine load around 0.0617% and 0.562%. The
reason for this is that the engine combustion level is getting higher, so that vibration acceleration is
healthier than the lower engine speed. However, the reverse vibration signal increases when the engine
speed is lower. Engine load which increases with low engine speed results in increased vibration on the
engine as shown in Figure 3-5.
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Fig. 7. Time domain signal of vibration acceleration at 2200 rpm

The maximum vibration value for engine speed 1300 and 1600 at a load of 20% is around 0.0812%
and 0.174% compared to 0.0392% and 0.157% for a capacity of 15%. So that at the speed of this machine
is very vulnerable to the emergence of unwanted engine vibrations. However, when the speed is lower
as in Fig. 3, vibration is lower for higher loads than for low engine loads.
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Fig. 10. Frequency spectra of the engine vibrations

at 1600 rpm
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Fig. 12. Frequency spectra of the engine vibrations at 2200 rpm

Fig. 8-12, is the result of the frequency spectra obtained from engine vibrations for engine loads of 15%
and 20%. The overall results tested show that the vibration level increases at low and medium engine
speeds. However, at high loads and speeds, the vibration generated by the engine decreases as shown in
Fig. 12. The characteristics of engine vibration are very significant where at high speeds the maximum
frequency value is around 0.3 Hz compared to 0.6 Hz at lower loads. The results of the tests that have
been carried out show the highest vibrations of data at engine speeds of 1900 and 1600 rpm with a
frequency level of 0.23 Hz and 0.19 Hz respectively.

100
99
08 |
97
96
95
94
93 -
92 ]
91
90
89 -
88 -
87
86
85

Noise (dBA)

15
Time (sec)
Fig. 13. Average of noise values of different speed at engine load 15%
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The engine combustion noise decreases recorded at low speed and high speed shown in Fig. 13. The
highest sound is obtained at a speed of 1300 rpm for each second measured. While for 10, 15 and 20
seconds the lowest noise is stared at the speed of 2200 rpm compared to the speed of 1000 rpm. However,
at 5 and 25 the lowest noise is obtained at a speed of 1000 rpm. Similar results were found by [5]. Where
the results of their tests reported that engine combustion noise for each sample tested experienced an
increasing trend.

The increased engine speed and load can reduce engine combustion noise as shown in Fig. 14. The
lowest noise is noted when the engine speed reaches 2200 rpm for each second compared to the overall
engine speed tested. While the highest noise level is recorded at the engine speed of 1600 rpm. In
general, the level of vibration and noise from the results of the analysis carried out on spark ignition
engines with a load of 15% and 20% shows an increasing trend. Similar results found by [5]. Where the
results of engine operation using ethanol-gasoline fuel increase from the results of the entire sample
tested. While the results of experiments conducted by [4], the use of Karanja-Biodiesel 20% can increase
engine vibration. Thus, engine vibration increases at low and medium speeds. However, reverse engine
vibration decreases when engine speed increases in this study.
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Fig. 14. Average of noise values of different speed at engine load 20%

4. Conclusion

This study focuses on measuring the vibration acceleration rate of combustion spark ignition engines
with loads of 15% and 20% and different engine speeds. Based on the results of testing of the two engine
loads given, the increased engine speed and load can reduce the vibration level in the engine. Decreasing
engine vibration is recorded at speeds of 1900 and 2200 rpm for a load of 20% compared to a load of
15%. Overall tests that have been carried out for 20% loads at 1900 and 2200 maximum vibrations, the
velocity is 0.214 and 0.234, compared to 0.617 and 0.562 for 15% loads. From the results of engine
vibration analysis, it can be reported that increasing engine speed and the load is given engine vibration



1st Colloquium on Noise, Vibration and Comfort IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 1262 (2019) 012014  doi:10.1088/1742-6596/1262/1/012014

can significantly decrease. Meanwhile, engine noise generally decreases when engine speed and load
increase. Of the two engine loads tested the lowest sound was recorded at the engine load of 20% for
the overall engine speed compared to the engine load of 15%. Moreover, these results indicate a
substantial relationship between combustion with vibration and noise originating from the engine.
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