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Abstract. This research aims to design an acoustic enclosure combined with coconut fiber to
reduce the level of external noise generated by the portable generator. The study conducted
with measuring the noise level in the generator before and after inst:l]ling acoustic enclosure.
The experiment has done with measuring the noise level of the generator before and after
pairing the enclosure. Measurement of noise level has done according to ISO standard.
Measurements are made five times in each point, the*daga shown is the average value of the
measurement results. Then noise level data is displayed m, table form and noise contour.
Enclosure made using steel plates with a thigkness of 3 mm and coconut coir fiber sheet of
thickness of 35 mm. The results show that'noise levels after installing with enclosure acoustic
less than 70 dB. The noise level of the pm't.lb]c generator was 91.20 dB before covering with
acoustic enclosure. Fxperimental #esults show_that the’ use of enclosures combined with
coconut fiber can lower the noie level of the pastable generator. khe use of coconut fiber in
the acoustic enclosure is cxpected to repliceighe use of induswdal acoustic materials, So, the

PleliC can m’[l.l(f_‘ a Chi‘:lPC[' acoustic CL].CJU.\"LII’E.

Introduction

Noise is sound sources thit distugbing sense of human hearing. The noise level is a
measure of how high and low degree of notse expressed in decibels kdBj. The high—level noise
sources can cause an impact on environmental, people mental health and physical. Noise
source with 8 hours/day exposure and pressure intensity level 85 dB can cause people an
impact in the health conditions. Therefore, it is necessary to control the level of noise that
generated by the portable generator. There were several methods to control the level noise.
Controlling the level of noise can be doing at the source of a noise. It is something a primary
concern to reduce noise at its source. Whenever possible, technologies should be used.
Secondly, the controlling noise can be held at transmission path. This method can be carried
out by designing an acoustic barrier, wall insulation as well as cutting off the vibration
through the installation using vibration absorber. Third, the noise control carried out on the
receiver. This method has a purpose to prevent the listener exposed the noise with high
intensity and longer periods of time.
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A portable generator is annall-scale electricity supply plant that is currently available
at the market. It is widely used especially in the situation of the abrupt electric outage. This
type of generator is also widely used by official/residential buildings. Especially people on
the rural community have not been electrified from gnemment’s company. In their
operation, generally, portable generators emit noises loudly. The components of the portable
generator set such as the diesel engine, and @ine exhaust, would arise as main noise sources
in buildings 1.6 surrounding environment. In this paper, an acoustic enclosure for portable
generator was designed to reduce the noise level below sound pressure level (SPL) of 80 dB
from the high level exceeding 90 dB. Enclosure is designed using an absorbent material made
from natural fibers. Natural fibers combined with steel plates and heat-resistant foam which
sold in the market.

Noise Absorber Material

Indonesia is an agricultural country where the majority £ people still rely on life in
agriculture. Coconut fiber is one of the b}‘pmducts of ;1gricuhurc. Most of the coconut fiber
has used as a filler material mattress; ghe material has made as a breakwater and a rope. These
coconut fibers can have used as_acoustic mateilsy Several studies have been carried out for
this purpose (Rozli, 2010 &2011, 1"1'['111.1[15‘\'.1}1, 2013, Zulkarnain, EK]II). However, these
studies were basic development research 11 the manufactufe of acoustic material using
coconut fibers. Many Of the rescarghers ®onducted reseafth on the acoustic properties of
other natural fibers such as rice husks; p;l]m fiber, té leaves, and others (Rozli, 2010 &

2011, Firm:msyah, 201,). These study results showed that this natural fiber has the

&

absorptiou coefficient value good at high f‘rcaluencic.\. To improve their noise absorption in
the low frequency, usually natural fibers wefe combined with perforated plates or industrial
absorbent material which is gcncr;l”y expensive (Asdrubali, 2007, Baranek, 1992,).

This study aims to apply coconut fiber that has been known their acoustic
characteristics from the earlier study. The decrease noise level on the portable generator is
carried out by making the acoustic enclosure. Acoustic enclosure panel have made with a
combination of steel plate, coir fiber, and foam heat insulation. Acoustic enclosure design

expected to reduce noise by about 30 dB.

Acoustic BEnclosure

The primary g}jective of any noise control project is to identify the main sources of

noise on the portable generator. The key reduction in noise can achieve by reducing the noise

Copyright © 2017 | Faculty of Educational Sciences | Syarif Hidayatullah State Islamic University of Jakarta

421




2
TheS.“i International Conference on Education in Muslim Society (ICEMS), October, 25-26% 2017

“Education in the 21 Century: Knowledge, Professionalism, and Values”
generated from the noise sources. The noise of vehicles and machines mainly generated by
their motor generator Whlch iS LlSLl'El].].y dan E‘lIgilIE‘. Ol'lf.‘ Of thﬂ Stﬂl1di11g out COIItribthUI’ iS thC
lIOiSE‘ emitted b}/ the €11gi11€ SLII’{RCE‘S. There are SE‘VE‘I’ZLI. methods to df_‘ﬁllf_‘ the main lIOiS(‘

radiating of the engine surfaces (Tandon, 1998).

One of the initial procedures in controlling noise is to determine the type barrier or
panel (Cho, 2018). It aimed at reducing noise transmitted out optimally. In the design of
acoustic panel, one should be able to calculate the value of trmsnﬁssnn loss of a wall or
barrier at a predetermined frequency range. Enclosure panels usually co sed of two or
more solid layers often used as partitions and other acoustic structures. The transmission loss

for Region 11, the mass-controlled region, may determine from the equation.
TL = 10log|1 + =]

Where ™= the spccif‘ic mass for the laly'cre'cfpancl is givém by the ﬂ)]lowing Equation.

ﬂfs —_ plhi T [ iy 75
The layers bonded at the ILlﬁrfacc with_no air Space, and theg’the composite panel
bends about an overall neutral ng‘ﬁ The criticaﬁgl&vavc coincidcngp‘fl‘cquency for the layered

Panel may be find from t]19£110\¥i11g equation.

I — Eih-;:'.?: i
2(Exh, s Eoh,

p

e 2w \5 / ' a
/

The quantity ¢ is the speed of sound ingghe air around the panel, and B is the flexural
rigidity of the panel, given by the equation 5. The transmission loss for a layered panel may
determined from equation [ with the overall damping coefficient calculated from the
following equation 6 (Barron, 2001).

_ Bk z Eh3 2
= Z0-cd [1+30 —2p/m, 0] + 0-c]) [1+30 —2y/h,)7]

(5)

Copyright © 2017 | Faculty of Educational Sciences | Syarif Hidayatullah State Islamic University of Jakarta

422




The 3 International Conference on Education in Muslim Society (ICEMS), October, 25-26% 2017
“Education in the 21 Century: Knowledge, Professionalism, and Values”

_ [Thfiki'l-fhfzkzjchi-bkzjz
7 Eyh3 1430123y )0+ Eph3 1+ 30125 fho)
(6)
TL = TL,(f) + 10 logn +33.2210g(f /) — 5.7
(7)

Acoustic enclosure is a structure that covers the source of noise usually machine that
aims to protect the environment from exposure to noise. Based on size, the acoustic enclosure
can divide into two kinds of small and large enclosure. Acoustic enclosure called a small if
the dimension of the wavelength of bending and acoustical wavelength is greater than the

largest size of the p:mel and enclosure volume. Acoustic resonance does not occur in the

iuterior VO].LIITIE_‘ Of- thf_‘ t‘l'lC].OSLlI’E_‘ (Barron, 2001 )

Inside the enclosure a reverberant sound fseld is produced in addition to the noise
from the source. Reducing the acoustic resonances, the .1bmrBing material can be used on the
panel of the enclosure. Absorbing materialRas three :1d\';1m:1ges.0n enclosure panels. First, it
can suppress the amplitude of the standing waves onfenclosure. Sefond, it can increase the
frequency of all standing waves resefiances and lastly"it.can widen the'standing waves. The
layer of sound absorbing materiglshould be ab8ughalf the thickness@f the air space to damp
out the resonance considerably. In the preposedzenclosure thes©ap between engine surface
and enclosure varied {ram 15 cm at \'al'jm.ﬁs puim.\ ( 1\-1Lmjn], 2013 A uniform layer of
coconut fiber sheet wth thickness @8 mm applied to the'inside panel of the enclosure. The
absorption coefficientiof coconut fibegtaries from 0,28 to 0.85 in the frequency range of 63
Hz — 4000 Hz (Zulk;lm;rin, 2011).

Measuring performance™or all types @f acoustic enclosure used insertion loss values.
The operatioual definition of insertion#loss illustrated in the il)l]m\'hlg ﬁgure. Figure 1

demonstrates SE‘I’LIP thf_‘ measurement 0{: tnsertion I.OSS VZLI.UE‘S that are OlltSidE‘ tl‘lt‘ E‘l'lgﬁ'lf.‘ room

based on the measurement of Sound Pressure Level (SPL) formulated as follows.

SPL

S

Figure I. ME“:‘[SLII’E‘mE‘Ht SE‘tLlP to C’:'LI.CLI].‘I[I'E‘ thE V’:‘I.I.Llf_‘ Of- IllSEI’tiDl'l LOSS
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IL, =SPLy —SPLy o)

SPLo where the average value of the measured sound pressure level around the location
Of- the mchiﬂe, SP[J iS the Vﬂlue Of the Pressllre le"el el1gil1f_‘ COVE‘I’E‘C{ aCOLlStiC E‘l‘lClOSth‘e. SPL
value measurement can do at surrounding the sound source. Distance measurement must
meet at least three times the size of the largest dimension of the enclosure. Analysis can also

be performed using the following formula (Baranek, 1992).

Method

Portable generators used to produce electricity power of 700 watts. Measurement
pressure level (SPL) conducted three times. To meagtre the noise level is done b}/ measuring
the generator has not been operated and after the generator'be operated. Time consume for
col]ecting data about I minute. The noisé” levels recorded e represents the difference
between the noise level before and afet the generator on operating. Designing acoustic

oe
enclosure has to be made based on the'standard SO 1L5:667: 2000L.

Figure 2 illustrates the agfangement of helacoustic enclosw# panel and the acoustic
panel TL value is calculated using equation -7 The steel plates were for the outermost
layer, and then combined®with coconut fiber that it made ingo sheets and in the deepest part
of the acoustic pa.nel fised the hc;lt-rcl;linmg foam. lriglu‘e 2 ;1:': describes the composition of
the panel enclosure. The steel platetiseused having afthickness of 3 mm and coconut fiber
sheet having the thickneS$gof 35 mm. The TL ghalue of the acoustic panel can be seen in

Figure Z(b), the value of T1 1%galculated b}' ;1;13]‘\'11';;1] equation,

Figure 3 (a) gives the dimensional@imension of the generator, while the enclosure size
created is shown in Fig. 3 (b). Generator has length 37.5 ecm, width 30.5 cm and height 28
cm. The acoustic enclosure size 80 ¢cm x 60 cm x 60 em. Noise level was measurement using
Sound Level Meter SLM-814 and a calibrator. To deliver results accurately, generator and
enclosure divided by into S sections, namely the measurement of the top, front, rear, left and
right. For the illustration see figure 4(a) and 4(b). Figure 4 (a) is the measurement points
before the generator is covered with the enclosure while the 4 (b) image is the measurement

POil‘lt Of‘ thf_‘ genemtor COVE‘I’CC{ Wlth thf_‘ enclosure.
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Heat insulation foam

Coconut fiber 35 mm

Steel sheet 3 mm =If

() (b)

Figure 2. (a) composition of panel enclosure acoustic (b) TL for acoustic panel

(b)

Figure 3. dimensions of (a) Portable generator (b) with enclosure

Results and Discussion

Measurement of noise levels on portable generator both before and after covering of

the enclosure done at each measurement point. The data presented in Table 1 and 2 is the
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average data of the noise levels. Table I is the value of the noise level at the rear of the
generator which in this part is the most dominant noise contributor. Because in this section
has the engine of the portable generator engine and the exhaust. In this section, the noise level
is in the range of values between 93.3 dB — 97.7 dB. Furthermore, the level noise data at table
I presented into noise level contour as can be seen in can be seen in Figure 5 (a) that the

noise level contour image generator before mounted enclosure. Figure S (b) noise level

contour that shows a decrease in the noise level after covering the enclosure.

Table I. The level noise portable generator without enclosure acoustic

NO [Doint] Doim 2 Doint3 Doimt 4 Doint5 Doint 6 Doint 7 Doint 8 Doint O
Point1 033 038 045 060 963 9590 077 065 957
Point 2 957 051 26.3 06.8 963 06.6 es5.8 054 26.1
Doint 3 048 054 065 058 _3‘5’"3' A, 05.0 cse 055 050
Point 4 936 022 043 037 W oas 552 958 951
oint 5 03¢ ' 952 051

Figure 4. Noise level measurements point (a) portable generator (b) with enclosure

(b)

Table 2. The level noise portable generator with enclosure acoustic
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NO Pointl Point 2 Point 3 Point 4 DPoint 5 Point § Point 7 Point 8 Point ©
Point 1 &34 63.2 63.9 64.0 64.4 64.2 643 64.1 6.9
Point 2 63.2 62.8 63.0 63.2 63.8 64.3 63.1 63.2 63.2
Point 3 62.90 62.9 63.2 63.5 64.4 64.1 63.6 63.1 62.8
Point 4 63.0 63.2 62.7 2.8 2.9 63.1 63.8 62.2 62.3
Boint 3 2.0 61.6 61.1 61.5 61.7 61.6 61.3 61.4 61.6

N |
s
b ¥

Y 2 (b
"‘«'? &£

Figure 5 notse I‘E\;J*ﬁf portable generator (b) with enclosure

The noise level of the portable generator on the rear side without enclosure exceed
93.3 dB, while the maximum value of 97.7 dB noise caused by the exhaust manifold of
portable generators. The noise level of the portable generator on the rear side after covering
with enclosure was approaching 62.20 dB. Figure 6 provides a comparison of noise level
reduction that occurred generator has been fitting with enclosure. Calculations using equation
7-15 shows the error values are quite small. But on the left, an error value reduction of noise
levels showed considerable value. This is occur because exist the passage of air duct at this

point.
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,=,,A<_-—,,.4

40 e Without Enclosure

Noise Level (dB)
Z

—8—With Enclosure

0 e Calculated

Front Back Left Right Top

Figure 6. Noise level at the pormble generator set with and without enclosure compare

Wltl'l Sl:TTlLllﬂtiOll.

Conclusions

Using of coconut fiber as alternagive marterials to subStitute industrial absorbent
materials in the acoustic enclosure shoye'significant restilts in a reduction of noise level of the
portable generator set. Before covemng with enclosuréieoustic, the noise level on a portable
generator can exceed average to@97.7 dB. Afeer ghe portable genegator in covers enclosure
acoustics, the average value of the noise leyel thatabout to 62.207B. F'rom the results of this
test has been able to decsease the noise level of 35.50 dB. FHewever, the uses of coconut fiber
still provide a sizeablf obstacle. Th¢ first coconut coigghas flammable properties and can
easily be damaged by dimate. Therefare for further gésearch needs careful observation of the
increasing temperature i74the enclosure. It is also necessary to research to improve the

resist:mce to fire Of‘ coconut I“.LSI'(:% .'1[']\.'] C]ﬂ]‘].‘l[C.
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