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ABSTRACT

One of the weaknesses of diesel engines that most users complain about is the vibration and the noise.
Therefore, it is very important to know the noise level of an engine in a room to consider the allowed
duration of the exposure time, which is the aim of this study. The instrument used in this study was the
Sound Level Meter, by first determining the radius of the hemisphere used in determining the location for
the data collection. The measurement was carried out four times, where the largest value was considered
as main data, at four points. The result in this study indicated that the noise level of the diesel engine with
a speed of 1100 rpm was 92.805 dBA with the background noise in the diesel engine room of 51.6 dB.
Based on government regulations, the maximum exposure time to the noise at this level is 2 hours.
Keywords: Diesel engine; noise level; Sound Level Meter; background noise

1. Introduction

The diesel engine is a machine that is widely and generally used to generate electricity.
This engine is an internal combustion engine in which the fuel is ignited by the increased
temperature of the air in the cylinder caused by the mechanical compression (adiabatic
compression; Cao et al., 2020), making it a compression-ignition engine (Cl engine) (Bari,
2013; Mollenhauer & Tschoke, 2010; Noor et al., 2018). One of the weaknesses of the diesel
engine that most complained about is the vibration and the noise (Redel-Macias et al., 2018).
Noise is the sound that ears do not want it to be. Sounds that are continuous or impulsive can
cause damage to the ears. The ear damage usually occurs to the eardrum or ossicles. Initially,
there will be hearing loss for high frequencies, but slowly at the decreasing frequency to low
frequencies (Fredianta, Huda, & Ginting, 2013). Therefore, it is very important to know the
noise level of the engine in a room to consider the allowed duration of the exposure
time(Sedighi et al., 2022).

Some of the standards issued by the 1SO (International Organization for
Standardization) include 1SO 11200-11204 (Iso, 2014). These standards are standards designed
to describe the method of measuring the sound emission, at the SPL (Sound Pressure Level)
value, in a workroom and at a specific position of a machine or equipment. 1ISO 11200 provides
an explanation in choosing the method to be used to obtain the SPL emission value on machines
and equipment. In 1ISO 11202, the method of measuring the SPL emission in situ is especially
explained. The method given in the ISO standard can be applied to all types of machines, both
moving and at rest, both indoors and outdoors(Mao et al., 2020; Svec & Granqvist, 2018).

Uncertainty in measurement results is a common thing. Uncertainty in SPL emission
measurement results increases based on several factors, some of which are related to
environmental conditions of the measurement room and may also be caused by measurement
techniques. Therefore, in general, extensive measurement data is needed to obtain the standard
deviation of emissions resulted. It is not possible to use measurement result data generally. A
data set can only be used as a reference for certain environmental conditions and certain
machine types(Zhang et al., 2019; Patil et al., 2021; Gorji et al., 2018).

2. Instruments and Methods

The instrument used in measuring SPL emissions was the digital sound level meter
DEKKO SL-130, as shown in Figure 1, which had met standard requirements for class 1 and
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class 2 instruments as described in IEC 60651, a standard for the sound level meter (Narang &
Bell, 2008; —J#if, feikasill, 8RS, SEHFAN, & WEIRILEE, 1998). The Sound level meter
is @ measuring instrument that is designed to be able to respond that similar to the human sense
of hearing and can show a measure of the sound level. The main components of the equipment
are the microphone, the processor, and the output pointer. Three main components can be
separated or become a single piece of equipment. In the processor, a weighting process was
carried out, namely filtering and amplifying the signal to simulate the distribution of the level of
the hardness which was adjusted to the sensitivity of the human sense of the hearing to the
frequency of the sound. The result of the measurement process which had been adjusted with
the A, B, C, or D weighting was shown as the reading of the result on the screen. A calibrator
was used to verify the calibration of the entire measurement system before or after the
measurement process. The calibrator used was a calibrator with an accuracy of = 0.3 dB.
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Fig. 1. Digital sound level meter

Fig. 2. The condition of the diesel engine observed

The first step was to measure the dimensions of the diesel engine, as shown in Figure 2.
After that, background noise measurements were taken. The radius of the hemisphere was then
determined to be used in determining the location for the data collection. The guidance in
determining the radius (r) of the hemisphere was the equation 1 as follow (Bies, Hansen, &
Campbell, 1996; Nag et al., 2019):

r>2xT Q)
where T was the longest dimension

Four points for the data collections, as illustrated in Figure 3, were determined by equation 2 as
follow (Bies et al., 1996):

Height of the microphone = 0.6 x r
Distance from Z-axis= 0.8 x r 2
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Fig. 3. Determining the location of data collection

Afterward, the diesel engine was turned on at 1100 rpm. The SPL data collection was carried
out at four predetermined points. Data was collected three times at each point and then
considered the highest. After each data was obtained, the noise level was calculated using the
noise level equivalent by equation 3 as below (Fredianta et al., 2013):

Leq =10 |Og 0,5 (100,1Pl + 100,1P2 + 100,1P3 + 100,1P4)

3)

The result of the calculation obtained was then compared with the regulation of The Ministry of
Manpower, Republic of Indonesia, No. Kep-51/MEN/1999 regarding the noise threshold value
and the allowable working duration in the work area as shown in Table 1 (Depnaker, 1999).

Table 1 - The guideline regarding the noise threshold value

SPL Maximum duration
82 dBA 16 hours
85 dBA 8 hours
88 dBA 4 hours
91 dBA 2 hours
94 dBA 1 hour
97 dBA 30 min.
100 dBA 15 min.
103 dBA 7,5 min.
106 dBA 3,75 min.
109 dBA 1,88 min.
112 dBA 0,94 min.
115 dBA 28,12 sec.
118 dBA 14,06 sec.
121 dBA 7,03 sec.
124 dBA 3,52 sec.
127 dBA 1,76 sec.
130 dBA 0,88 sec.
133 dBA 0,44 sec.
136 dBA 0,22 sec.
139 dBA 0,11 sec.
140 dBA Not allowed
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4. Results and Discussions

Figure 4 is an illustration of the result of measuring dimensions of the sound source to
determine the measurement distance and the microphone array on the hemisphere. Using
equation 1, with T is 95 cm, radius obtained was 190 cm, or rounded to 200 cm. Then, using
equation 2, the distance from the Z-axis and the height of the microphone array obatined were
160 and 120 cm, respectively.

Fig. 4. The measurement distance and microphone array on the hemisphere

SPL measurements were done four times at positions 1, 2, 3, and 4 as shown in Figure
4. Two parameters were measured, namely when the engine was off and when the engine was
turned on with 1100 rpm. Results of the data collection are presented in Table 2 and Table 3.

Table 2 - The results of the background noise measurement

Background noise (dB)

Position I I m
1 51,6 49,2 49,5
2 51,4 47,6 48,9
3 47,7 49,6 48,2
4 49,2 46,3 48,7

Table 3 - The results of the diesel engine noise measurement

Diesel engine noise (dB)

Position I T m
1 88 89 90
2 90,3 90,5 91,3
3 88,6 88,8 88,4
4 88,5 88 88,4

After data from noise measurement results were obtained, as shown in Table 3, the next
step was to analyze these data and obtain measurement results of the diesel engine noise, as
shown in Table 4. From Table 4, it could be explained that Pi was the noise from the sound
source or the engine. This value was the largest result from three attempts which was then
determined as the Pi-value at a position. Similar to Pi, Pi-BN was also the largest result of the
measurement from three measurement attempts. Pi-BN was the background noise or the
environmental noise level without being influenced by sound sources or diesel engine sounds.
From the data obtained, the correction factor value was set to 0 because the range of differences
between Pi and Pi-BN was more than 12. Furthermore, actual P was the difference between Pi
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and the correction factor, because the correction factor was 0, so the value of Pi was the same as
the actual P-value. Furthermore, using equation 3, by entering all actual P-values at all positions
into the equation, the noise level in the diesel engine room was 92.805 dBA. Based on
regulation No. Kep-51/MEN/1999, as shown in Table 1, with a noise level of 92.805 dBA, the
maximum exposure time to the noise was 2 hours.

Table 4 - Analysis of measurements of diesel engine noise with 1100 rpm

RPM 1100
Position Pi Pi - BN Correction Factor P Actual
P1 90 51,6 0 90
P2 91,3 51,4 0 91,3
P3 88,8 49,6 0 88,8
P4 88,5 49,2 0 88,5

From results obtained, of course, efforts to reduce the diesel engine's noise level were
required. There are three methods that may be done. First, by controlling the noise source by
modifying the engine work or replacing the noise source component. Second, by exercising
control along the sound path by adding a porous layer around the source. Both approaches
require further research which we will carry out in the following research. The last method is to
control at the receiver level, for example by using an earplug or earmuff. The use of the earplug
may reduce the noise by + 30 dB, while the earmuff may reduce noise by 40-50 dB (Utami,
Winata, Sillehu, & Marasabessy, 2019; Tuccar, 2018; lakovenko et al., 2020). Thus, the sound
level experienced by the operator is already in a safe condition.

5. Conclusions
From this analysis of the result of diesel engine noise measurements with an operational
speed of 1100 RPM, the following conclusions were obtained:
+ Based on measurement results, the background noise in the diesel engine room was 51.6
dB.
+ Based on the calculation, the noise level from a diesel engine was 92,805 dBA.
» With a noise level of 92,805 dBA, the allowed maximum exposure time to the noise was
2 hours.
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