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( The Analysis of Noise in a Small Ship by the Sound Ray Method )

( Jun-Tai Kim, Jung-Ho Kim, Jin Oh Kim)

1. A &

71843} (geometrical optics) oA Hlo] 4 (
light ray) & el APt Be A, 71ehs
F3} (geometrical acoustics) M £=2|7F S4&
mat Ajicky AAFch o3 e e
229 wF &g FAsM MM, A, 2 08
A FAAES 1] EEHEE W Fube jgld
e HEH7] oygAT, F7F Jol v ES0] ¥
Hx Fapo] BaretA] @ Hfol oh2 HHET §of
A g4E 4 Aok

oj23t et A Ayl &4
(F) 71 e2olth, §3 e oo AAQL Lo B
7o THEYEEE FIAY S99 AT &%
olelz REl 3t &Y EEE FIE dof vl
A, 4 e 99 s¥ugg dlojetet ¥
(miga 13 2 Y A= RE 30 &4
Ay BXE 73l Aot Y Fo 28558}
2¥AHe] ¥ 2Y Fol ¥z MIHER
o]t tloJelE AMg3lrlof &4 7IHo] Ajraitt.

B =29 34 diade dAdAe Y& 2%
Aukel UR2 A, £&Yo] e 7|BE ol UH
3 44 B Fejdojut Fig 12 o]BEL HoR:
YHE2 A Fig. l1(a) = F70 (main deck) o] Fwhg
o]¥, Fig. 1(b) = 3zt (lower deck) o] Fyhiolth
ayol RQ nieh o] 7] (D/E Room) 3 4 (
Guest Room) 2 3hzhgtel AT, 3]94 (Lounge} & F
Ztoel gtk A1#EdelE oY oAz 2o
HA77 AR o] 2§ YyYe] Hek o] 2F A
ute 7 &4 ARk AY BoE og 2§ A7l
i 237 2 Ae2 A, Mde nAe &% FF
& AAgAANM Hriste Heol "asith £ =8
ML M7l o8 e LY EXE
Fatn olo|A AT I 2&uEe HIER
ok

+ AEE7EY +HAESEY CARH

2. SAGER Y

o] AHEE S471He GASYH mirror
image source method) 3} X332 (ray tracing
method) o] A& 8] 23E S5 (B, sound
beam method) oltt.  Z+ HHEE ojuf g BV
A gE uk ok A YHS BERF 2be) Fv1
of mel A4t Azto] AL Zrksls ©Hol Y
A5k g3ol gAlg FoetA digsls abdel o
ot SMFHYPL F3Ne FHS AbgstEz R
He 370 dof wabsts 3o 548 HEgslA
Ve Al Balaigh, whAl o) Zrlol] whad AlAA
o] HlHEte AxEut Fo15ch SEYL At

(b)

Fig.1 Top view of the rear parts of the main
deck and lower deck of a small ship;
(a) main deck (b} lower deck.
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€3 F4FHYE MM o] WAt 54
Rtgsto] shte] MAHPoR TEHRA,
o Friol meh dEEEHY 4AESEHRE
#Ferct

YEEIUE &9e FAH2= 3= d¥e
F3 et duieM E402 AYPste Y
o} Hzlol= Fig.2{a) ol HR v} Zo] H&el F4
Fol &4 34 g1gFe] Hgdch uE F b
AP Atole} e HE Jof #4Hol ¥Y W F
FE Yol FHopxrh I §49 JodxEE HB
Mol HRAY Wie ARgEl Al AME 4 Uk
HESEYY DHL2 Fig.2() & Zol FH dYol
A g v EdsE mEslof ste Holth

AR YESEHT FAR, 73
3 (wavefront) & E¥3te o] W tidel
Fig.2(c) & Zrol Wxo] 4yl vn|=g AHg3)
Zolth. o WYE FH Fdgo] ArA ghobA

ot mo fok

o
=1
L=}
o

L

i

receiver

source

(@)

(b)

(c)

Fig.2 Schematic diagram of the sound beam
method; (a) sound beam propagation, (b)

conical beam, (c) triangular beam.

HEE4E HEE Yool o AHe Ut 47
E55He dESEH vdAd o 3YS FAe
Ayt 8 $5+= o =2}

AU ZollM 229 Hukg olF3str] 9% o
2 JIHES H|ZF nlof] 2w, F4 JHe] E
S8Ateol el sH H¥glo] BRI Y &
5] o] YAl Fztol disiA = of whnto] a8}
Fateh. o] Zigel ¥ MY A= AYes g
of whal d¥@detel vz E B FEAo) welE
Rk

Wrlofe] NIT (Numerical Integration Techno-
logies) AlellA] AFg313F =2 731Q1 RAYNOISEM: &
A7 & S8HE ol&sle] FelMe & FA
= #4353} 43 Aolrk @ RAYNOISEo| A2 mwle
< SiEL T ALE) A Aee] AFho]
A2 gl WMoz o|Rojxuw, WL 2t} 2070e A
o7 F4dAch Yol A = nige & 54
o] §EtE Wiz 9] Sabine FEACE THHT, it
(diffusion) /o] SElR Wit o] HuAd+z T¥
o, o= Aol uloje} HolAE ZET ¢
th oiy] 2HeEE 229 T8 T g
Aol A4 &4 T4 A Ay AFs=
o), B = oAdE 20000 &4 A4+E AEshy
I, A whal B4 e 5xkg A A ste] A sk

3. 7184 £% ¥4

sl HEH= 4252 FE VBl W
A AolBg o|RoMe] FifY 2EFE AU T
3tk Fig. 1(b) ol ) F7134 (D/E ROOM) & 2¢H
o T 1] AV AERSE dAR
Atk

Q
ol

3. 1. ojolete} FS A,

_33_

JNBY] Qe IADAT GAA el 28 o]
b= Table 15 200 2tz 71313t uksh o] Sy
A (w2 Edsle] ok wHsle] T dlojeb:
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Table 1  Sound power level (Lw) of the diesel
engine. Lwi, Lw2, Lw3 are the levels of
the side wall, front or rear wall,
top, respectively.

Freq. Sound power level (dB)

(Hz) Lw Lwi Lw2 Lw3

63 96 90. 24 87.53 88. 67

125 107 101. 24 98. 53 99. 67

250 108 102. 24 99.53 100. 67

500 111 105. 24 102. 53 103. 67

ik 114 108. 24 105. 53 106. 67

2k 115 109. 24 106. 53 107. 67

4k 116 110. 24 107. 53 108. 67

8k 117 111.24 108. 53 109. 67

AAHE Hol7t M2 vhA| gevty AAMYW, 2%

4 We W sof vty B £ v 2 sy

AME LSYES I8HA mdYsigonz u}
gHg AlF e Wol wis BEEY myedy
2 WmEEH T £39), lw(HY == F9),
Lw3 (1) © 2 Table 13} 20 LERJYTH
71@4 e Hal HA = nigto] e g9
Rhab mjof] A7l FEE T EiFolor dth olg
AsA AMeR oA It 4-olM ALgEE WA
ol 3t Sabine FZA+E Table 3o 7| Asgict

12 F7BAe 28 H4 B
F71BY00 Y 4vie) JASE B Folk 2
e YA 1He) WHss ShEET. W)

£ E 39 o= 3y} sIEEHT e BuiE w4
€08 A k. AR e AAF WA
Ith7h 7HE3 A A%l dis) 278U 2SEES
AT AUE Fig.3 (a) & (b) ol ehliich

Table 2 Sound power level of the generator.
Lwi, Lw2, Lw3 are the levels of the
side wall, front or rear wall, top,

respectively.

Freq. Sound power level (dB)
(Hz) Lw Lwi Lw2 Lw3
63 91 85.24 82.53 83.67
125 97 91.24 88.53 89.67
250 103 97.24 94.53 95. 67
500 104 98. 24 95.53 96. 67
1k 109 103. 24 100. 53 101. 67
2k 111 108. 24 105.53 106. 67
4k 117 111. 24 108. 53 109. 67
8k 119 113.24 110.53 111. 67

Fig.3(a) & sletolA 1.5m &0l LB WMo o
3 A A2 F4E Ave AW o3t A3 E
2¥ste] M=z Jepd FHolth o7l algH
$4 Zde 45709 @ash 91708 RER o] Roln
Atk Fig.3(@) 9 FIe F18Y R AR
&Y R2EOHE RoFE Aova, s
F7194 o] 4ol 103. 7dB/A FE] 113.4dB/A
7AA o] Exge gAZ

Fig. 3(b) = HAol ofst Fatsl HAZ HHo]
e Aag 2l gAER JEhd Aotk o
7lo] AbgHE A mule 28709 29} 40709 &
2 o)RojA glrh  Fig.3(h) 9 Fae FrBY A
A3 HHel ARPE 2oy E2EYRE oS
£ Aoz, 100.5dB/A FE 108.3dB/A 7tA]¢] B
de AT YA Mol E LElE Wiz F
g4 8 deds TekgD, o dae AT 3
4z HutsEle 288 Mete o ¥ed Aw
olth. HA wWHolMe 22 thEZES Table
4o Az2)stgrh

Table 3 Sabine absoroption coefficients of several materials.
Freq. Sabine absorption coefficient
(Hz) insulator carpet parquet hard board 2-glazing door curtain
63 0.23 0.02 0.03 0.21 0.03 0. 31 0.05
125 0.23 0.02 0.04 0.20 0.02 0. 30 0.05
250 0. 46 0. 06 0.04 0.10 0.06 0.25 0.03
500 1.0 0.13 0.05 0.12 0.03 0.20 0.35
ik 0.96 0. 46 0.06 0.08 0.03 0.17 0.40
2k 1.0 0.44 0.06 0.07 0.02 0.15 0.50
4k 0.98 0.98 0.06 0. 10 0.02 0.10 0.50
8k 0.98 0. 66 0.05 0.11 0.02 0.11 0.51
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(b)

Fig.3 Noise distribution in the main engine
room during traveling; (a) inside,

(b) wall and ceiling.

4. H4o 2% 34

J1BHoll A ASE &go] oA uAe 4
FE dFsty] $ste], P43 oM %Eﬂ
g s4sbich. Fig. 1(b) ol 2 74 (GUEST RM)
& 714 A Uk Fig. 1(a) ol B o)A (
LOUNGE) & 7194 Aol dF HFH U
1 &5 dojet

AN Aol Holuth AL Tt B4
I 3 oo Mg HAAM 25 WYL e}
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Noise level on the ceiling and the
wall of the engine room.

Table 4

Freq. Sound Pressure Level (dB)
(Hz) ceiling wall
63 83.8 84 N
125 94.0 94
250 93.8 94
500 94.8 95
1k 97.9 98
2k 98. 8 99
4k 99.8 100
8k 100. 5 101
Over-all,
Lp 106.2 106. 5
A-weighted
Over-all, 105.9 106
LpA
ek Aol tisirMe FrlEAe] A HAo

2&olr, 3 ojidel disiME
st YR viee] £2&dez BFEFEUTH
SHAAM FF FrIHHe] AY FE HHe &
Sl SetEdgis Fubey A (Lp) & Table
5¢] A& AR AA 2B 7he] ¥
o] &% FFEH(TL) diojebe Table 58] EXMEol
7\ viel gk o] B Atgold HE Fad &
&8 AAF HolMe F=d(Lp’) & A3tk
oty Lp' 7 WA SE U oW oA u

F7104 9 ARl

Heldo] Akt ¥
lw = Lp" + 10 log S - 0.13 (dB) (2)
Table 5 Noise source data of the guest room.
Lp is the noise level on the engine
room wall, TL is the transmission
loss, and Lp’ is the noise level on
the wall to the guest room side.
Freq. Lp TL Lp’ Lw
{Hz) (dB) (dB) (dB) {dB)
63 84 15.21 68.79 74. 39
125 94 20. 56 73. 44 79. 04
250 94 25.98 68. 02 73. 62
500 95 31.40 63. 60 69. 20
1k 98 38.82 59. 18 64. 78
2k 99 42,24 56.76 62. 36
4k 100 47.66 52.34 57.94
8k 101 53.08 47.92 53.52




Table 6 Noise source data of the lounge. S1 = 5.67 m’, S2(=83) = 1.215 m’,
S4(=85) = 1.7 m, S8(=S9) = 0.85 m’, S10 = 10.4 m’.
Freq. Sound Power Level (dB)
(Hz) Lwl Lw2 Lwd Lwb Lw8 Lwl0
63 77.73 70. 04 72. 49 72. 49 68.43 79. 36
125 83.33 75. 64 77.09 78.09 74.08 84. 96
250 77.96 69.27 71.72 71.72 67.71 78. 59
500 74. 54 64. 85 67.30 68. 30 63.29 74. 17
1k 72.12 62.43 64. 88 65. 88 61.87 71.175
2k 67.70 58.01 60. 46 61.46 57.45 67. 33
4k 63.28 53.29 56.04 57.04 53.03 52.91
8k 58. 86 49. 17 51.62 52.62 48.61 58. 49

ojgtgro]l TSl (lw) & YAIFE Table 52} =
o2 2ol £xE WY £& MH YY dolEm
skgket.

3ojde £gsiMe A% Y vioEE 73
Age AU AL FAhd AEstE Aol o
3 Ssidgde Zz Feigch RO AP &
sy 2Eo wet 10709 A (S1~810) o2 2 E3
of, gollx A3t Aol uet Y wige] FF
o3l e AN 2HRE Table 6o 71 Th

4.2 A4 &% Y FH

HHolH RYRLEE AL Fr1BUT AH
3 goae] gFTHHES L5 HYUR AHE3
A3 ZIE Fig 4ol ePNQUTE  Fig. 4& vhete]
A Lém Eol (MYE A 7 Eeol) o #BHe o
3 ZAatel A WE wdo e FAES 2
o] gHizz Jehd Holth ofvlo] AlgE Y 2
e 21708 e4¢f 4170 RER o] FoH Jith

Fig.4 Noise distribution in the guest room.

Fig. 49 3N ZaE= Feid A4 AR ARY
H 4y REVHE HAFE A22 A, 48.9
dB/A H¥] 67.0dB/A 7}A)8] BEEYES EAIET. o]
23 2gHde thEZS Table 7o AEth
Overall &g =¥ thE= gk 55. 1dB/Ax 7]&3] 55dB/A
of ZAbsfet.

4.3 31929 28 4 A3

FHejde Az e FHliFelx AHEE & A
I, 854 2% dxAME P54l RFEHE F
Zholty.  ZiM Ful AU 28 W& 93,
4.130o] 713 vig} Zo] 259 1YL MEsty
gy dolelE 23 4y, B SHME AAH L
o] A A thste] 2tz £ FAF Y& +Y
gtk

o4 WEAe TAHE AVt FeR EF
stgith.  vBlee] /& sl £+ vhE (parquet) of
I, HEL FEFolAY AL =AU HLold,
& EAfo}Aut insulatoroll, HAFL IJERE=
insulatoro|t}. o]EREE XFE oAstA] A
Table 8ol <3 Hdth
AA A Fod A diF] £A&HE T F
FE Fig.5 (a)~(f) o} JebHUTh  Fig. 5 wigel
A 16m Eold] £HH gt Aael oo +3A™
of thet dAEE Rt AH=Z vEhd Roloh
og7lol ArgE Y ERES 41709 229 78709
LTE o|FojA 9uh

Fig.59] siZdBE2 A R ARHH
2&yda B g RoiFEt. 28ud 2=
case 1o1Ax 63.4~73.3dB/A, case 20lA & 63.8~73.
4dB/A, case 394l = 63.3~73.3dB/A, case 4olA = 6
3.7~73.4dB/A, case 5oll4]¥ 66.7~74.2dB/A, case 6
oM 61.4~72.7dB/A P& & + Utk olHF &
2fee] TS Table 79 Aelstgel.  Overall £
gy TiEZ 67.3~71. 4dB/AE WiRCl HAE sH
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9 olezlolo] oFt £& A7 (¢ 5dB/A )&
malslelale 7] 60dB/A Rt thd =

aelx oA WM A 7+e] gl ulx
= g% B2 9ated, PSIL(preferred speech int-
erference level) A4% thg 4oz Adstych ¢7

PSIL = (Lo * Lim * Lum) /3 (dB) {3)

(a) case 1

(b) case 2

(c) case 3

oy o ) PSIL AL 23d SN AR &
g9l Awrt 7bA &A e case 5E ez 3
gom, A4 I 65 4dBE APtk WM T4
<3 Fol M2 2m (6Ft) BolR AHelelAel thzte]
2 x#o] glovk 2~dm (6~12ft) HelolAE oi$
282 thEE ok sh, 4m (12ft) o]AFe] el
M g3yl 2rbssicy ek, o

¢

2l e

(d) case 4

(e) case5

(f) case 6

Fig.5 Noise distribution in the lounge: (a)-(f) six cases.
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Table 7 Noise level of the guest room and the lounge.
Freq. Sound Pressure Level (dB)
(Hz) guest lounge
room case 1 case 2 case 3 case 4 case § case 6
63 62.1 72.9 72.8 72. 8 72.8 72.2 72.6
125 66. 8 78.3 78.3 78.3 78. 3 71.17 78. 1
250 59.6 71.9 72.0 71.9 71.9 72.4 70. 4
500 48.1 65.8 66.0 65.6 65.7 68.8 61.6
1k 44.3 63. 1 64.2 63.0 63.6 65.9 59.5
2k 42.8 58.6 59.6 58.4 59.0 61.6 54.8
4k 35.5 54.0 §5.1 53.17 54.4 56.9 50.5
8k 30.7 49.0 50.0 48.6 49.17 51.7 45.8
over-all,
Lp 68.8 80. 4 80.4 80.3 80.3 80.3 80.0
A-weighted
over-all, §5.7 69.6 69.9 69.3 69.7 71. 4 67.3
LpA
Table 8 Several cases of the lounge interior.
case 1 case 2 case 3 case 4 case § case 6
floor carpet parquet carpet parquet carpet carpet
window glass glass curtain curtain glass glass
wall insulator insulator insulator wood insulator insulator
ceiling hard board hard board hard board hard board hard board insulator
5. = 4. M. Hodgson, 1990, “On the accuracy of models
for predicting sound propagation in fitted
B mRoME 289 A AU 379 &9 rooms’, Journal of the Acoustical Society of
Ay 2xE Ay 4% FAHE ARG, America, Vol.88, pp.871-878.
Aol 48§ £ZEHold RAYNOISE™E ©l83t% 5. G. Vermeir and P. Mees, 1995, ‘Evaluation of
th. TEZIA 23 Mubo] Qlojd FrEAT A room acoustical predictions using  ray-
A 9 oA e A e dlgen, CHEd tracing”, Proceedings of Euro-Noise 95, pp. 1
I gE7 Qe FAREY S9Hd 22 E 73 09-114.
AL, o]FHE olgsted AMT Y} HJdUe] & 6. G Vermeir and P. Mees, 1995, “Sound propaga-
£ede Fshgch tion in enclosed factory spaces: scale-model
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