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Noise Transmission from Diesel Generator Set to Cabins on Research
and Training Vessel “BOSEI MARU” of Tokai University

Hideyuki SHURI

Abstract

In the ship hull structure, there are a lot of noise sources such as propulsion engines, diesel generators, pumps
and air conditioning machinery, etc. Noise generated by these sources propagates through the decks and bulkheads
in the hull structure, and becomes noise in compartments such as cabins and workrooms. It is necessary to predict
the noise levels and determine appropriate noise control approaches in order to reduce the noise levels in compart-
ments. However, in order to get accurate results for noise prediction, an effective prediction model is needed.
Therefore noise transmission characteristics from various sources and source levels must be obtained properly.

This paper describes the noise transmission characteristics from the sources to the cabins when the one diesel
generator is running on the Tokai University research and training ship “BOSEI MARU”, and an effective and simple
noise prediction model using these transmission characteristics is proposed. The noise transmission characteristics
are obtained by using the distance between the diesel generator and the cabin. Then the attenuation of the noise level
is expressed as coefficients of damping proportional to the number of frames and decks. The source level of the diesel
generator is obtained by using these transmission characteristics and noise measurement in adjacent compartments.
The noise predictions for 20 cabins are performed using both the source levels and transmission characteristics. It is
shown that the accuracy of these predictions is within 5 dB in about 60 9§ of the cabins. It is also found that the
accuracy of the predicted noise spectrum levels is typically within 5 dB using the frequency dependent damping
coefficients.

Keywords: ship, noise, prediction, structure borne sound, air borne sound
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WX, EL[URHRE & EREIRE O T OSSR NNE T H
2. —RINCZZ < OMERNEID 2 VLIX 7 v S 7% EOBEM
BCESN TV, ZDOIC, BEE L %2 EROED)
RS 2 B L CREXE D 2 WIZTEZEXE Of#E O
REHE 220, ZOIRED & 22 S & 1 5 RS GRS
23, BER & AN S T ET R EIR T 5 R E Lk
BHLD LI TH 2, BE2EKT 2121, BHEERS
Z OBEGH, Gk, 2EE (BE - FEXE) ot
ROID D, wOHPRVLNRIE, BERFE» SRET 2
BRE R OFEROEH BT Ths, Rig, &E
RSB ONIE 258 L CMEREZIE T 5, 512, %
BEOEE T 2T T, BEHGIE*HE T 2 7200
Yl R A2 IE T 5. MANOEETENC L, HIRFERR
2 5 JE{E KB OB H ORI 2 E AIcitE 2 2 &
WEIETHZ (EEIZH, 2005, 2009). BEF 0T
BT BRI, ChE Tl ARSI S TGRS
B9 2 SR St | SRR B B E ST (1982)
ZRUOHELTHEELFES L TWS, Lrl, HEHRE
WHEM [EEMN] O X5 2EMTOVT, HFEESR»SF
ERANDEZF DGR EHE LT — 8 RS R O 13
Dz,

AW T, REERFEEEETHEMN [EEA] 2 H
LG, BIEEISRD O MK UM ARRES % A U <R X
RSN EEOERFFEEZHS Mcd 5, 2L T, M
WEBE OIS PRI EE2RET 5, MAOEET Y~ VIEHE
TEREER D © DEEBEOIEINC > T T 5. 2 OEIEE
&, T4 —¥NVFEEEEBMCER L URNESSITORE
LAV EFHIIL, 74 — YV FEERD S O L B LN
WV DOB% % Janssen and Buiten (1973) & [AEED /iETE
#bd %, BEEHHNIE & 7 4 — YV FEER L OO
R, MERBAEICOWTIZ 7 v—2a%, ETFAEIZDOW
TRTYFHMTRLT, BHFLVVOREFERE 7V — A
KTy FHHPIT 258 LTkos, 2LT, 2O
EIFHED & 7 4 —ENVREROBTIELV NV EHEEL, &
PRV A~V E R 2 D CIRNERS 2 Pl 5. TRl
B RHRER 2L T, ZOBEE2BEET 5.

2. BREETA

2.1 EHAIAE

HFRFIERERETEMR [EEA] OFEH% Table 1
R L, ffRsME % Photo 1 1R d. TEEM] 1, &F
87.98m, [EEEKA b v #02,174 b >, FAEBI0ZDE—
TG GEEEERE) THO, MR, WHEE K O
WEEHECHVLONLTWS, BEEXEIE Lower Deck, 2N
Deck, Upper Deck, Boat Deck, Nav. Br. Deck 2% Y,
EARED & BBt %2 FER 3 % 72 12 Lower Deck & 2° Deck
DOIRFE W IIF S REES T SN T WD, FHERY & FEEER
& Lower Deck i2®H D, BFIET AN LENT W5,

2

Table 1 Principal particular of “BOSEI MARU”

GROSS TONNAGE 2,174 ton
LENGTH OVERALL 87.98 m
LENGTH BETWEEN 75 00
PERPENDICULARS Lm
BREADTH (molded) 12.80 m
DEPTH (molded) 8.10 m
FULL LOAD DRAFT |4.80 m
MAIN ENGINE 1,838kw (2,500PS) X 720rpm
2 Sets
GEARBOX Gear Ratio 2.68 & 4.26 1 Set
PROPELLOR 4blades CPP 3.0m¢ 1 Set
DIESEL GENERATOR | Prime Mover
SET 530kw (720PS) X 1,200rpm 2 Sets
Generator
600k VA/AC455V/60Hz 2 Sets

Photo 1 “BOSEI MARU”

AOYEEEICIRE S NIRRE T, RT3 D Lower
Deck AfiEIZE%E SN T3 Nodl 74 — ¥ LFER (530
kwXx1,200rpm) ZHEMTEZ L2, ZOK, 74 —X¥
FEELNOBEFIR L 5 28R OMEE L2 R/NNRE L TB
D, T4 —E¥NLFEEROAR X 100kW Tho7e, iz,
FREG AT OKREIZ Tm, HEBEAKIES5m, HEEKIE
42m Tho7z,

Fig. 1 AN &S OFHAIGHT, Table2 I2& 7 v F1
B 2FHAGFOLMERT. 74 —ENVFEEREDL OMHA
DHIE R U LT HFNAGH 3 2 885 ORIl % F7#E 3 5
7212, Lower Deck 75 NAV. BR. Deck CEHHEIGT %
BEL, TEEROBT L VL, BRENOT 4+ —¥
WHBERORE 4 » it BA1m7iE) CTRAL 72, #
WNOEEZEHANE, Lower Deck T 4 » fff, 2¥°Deck T7 +
Fft, Upper Deck T4 »Ff, Boat Deck T5 »f, NAV.
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Fig.1 Measuring positions of noise levels

Table 2 Measuring positions

DECK

Position

Lower Deck

No.12 Student Room. No.13 Student Room. No.14 Student Room. Engine
Control Room

No.l Student Room. No.2 Student Room. No.3 Student Room. No.4 Student

2" Deck
ec Room. No.5 Student Room, Student’s Mess Room, Cadet’s Mess Room
Upper Deck Saloon, No.l Researcher. Entrance. No.1 Laboratory
President Day Room. Chief Researcher. Chief Instructor. No.l1 Instructor.
Boat Deck
No.2 Instructor
NAV. BR. Deck Wheel House

%8 &M 15 (2010)
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BR. Deck T1 »fr& L7z,

BEahl e 1/3 4 7 % —70micix, VA4 o iklasrlal
DEEEE S NL-22 & 1/3 % 7 ¥ — 7T EEERS 4 — R
NX-22RT 2 L7z, ~A4 707 5 »OER, fiiEX
T OIEIZHg, K E1.2m &Lz, EO R 7 &2
DT, ZEHR Y OBREHINCGEEDH AT TS BRY
1ED7REE TR 21T o 72, FERF P ESHEOHET 1
REETH 1 EHIIL €, SffiEE Ly~ e 1/34 278 —
TN R~V ZRd Tz,

2.2 EHAIRER

BTy FCEHAILIZE SV NIV E 1/3 477 — TN R
MRS R % Fig. 2 /05 Fig 4 1IR3, 22T, MF o AP
BERZLVA_VERT, T4 —YIUEBEROBEFAORES L
NV OFHEfEF 101.0dB, BEARE O GRKENCEEEE L Tw B
BEBIHIHIEE DBREF L~V 1Z 62.2dB TH D, HERE OB
LUV 513K 39dB IE L TWw b, 7z, EREOME
HNCBHE L T 2B I4FAEEDRF LV ~LIE 49.0dB Th
D, #I52dBIEL T3, FUFEEOMEMCDH 25
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Fig.2 Noise spectral levels on aux. engine room & lower
deck
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Fig.3 Noise spectral levels on lower deck
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Fig.4 Noise spectral levels on 2¥° deck, upper deck & boat
deck

1334 DRRE L~V i3 44.2dB, F12%AEEDRE L N
ViE 41.2dB THY, BUFEZDOEZTL L ED b 5dB
26 8dBIEL Twa, BREL SME HCHn 5

L7z TEEE L ~VIZEL Tw 5,

B E OB F12H 2 2Y° Deck O 3 F4EEDRZ L
VIE57.1dB TH Y, BREDOREE L~V 5 13# 44dB
WMEL WA, B3%4EED EEICH % Upper Deck D
FSELIE U 55 /% 1 Boat Deck D% 2 HBZEDEZ L~V
51.5dB & 42.3dB TH Y, 2"° Deck DHEIFEE D S D
HRIZZFNZN6dB 75 15dB L 72> T 3, BEE»
S FERAENCHEEN 212 L7228 TBS LAV IFIEL Tw
5. K= CINER AR D B Id EE AL Tn b
i DB L~V OER X, 52dB 55 44dB & JERIC
K&, ZOFEKFIE, HFRESRORE ST 5HHEC
Bz 2 MMETIE, REERT v F1C X > TERGIE 15K
Bl asnsicksboeHFzonsd, flzix, M
Bz 8 mm @ % 500Hz 17 5 1) 28 & RIS L 135 37
dBTHY, ZERUEMEF IIKECHEI NS, —7, iR
FICHHE L TR WIRE OB L, FEREHE DRI &
o TV 7z DIHER OB VNV ORERIT/NE { %%
S>TWw5, BEVIVORERE, WEEART5H5dB »
5 8dB, EESHIAIT6dB 25 15dB L7 > Tw b, B
D1/3F 787 =Ty RU~L b ERE» S IRE RN
U LA FNCEEN 2 1206 > TIRET 5. BER A EHKIC
Lo THE->TEY, FAME#H125Hz » 5 1kHz OHFBHO
BERPMBOFRREHE LD bRELSE>TnD,

Fig.5 & Fig. 6 12, #4iific Lower Deck 75 NAV. BR.
Deck F COFHAIAMIEZHYD, FHUALE & BEE L~ D%
LR -R2Rd. Fig. b2, B—7 v FNTH
HRAMCHEGE L TW2EHEGmE Yy 7 7 v 7 G5
0) LCiER B THY, MEEAAOES L LD
BEORREZRT., Zh o OFHHERTOMLE & RGOt
Ke% Table3 IC/RLTW3, &7 v FHNICBWTIE, BEH
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Fig.5 Noise level distribution for fore & aft direction
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Fig. 6 Noise level distribution for deck

VARNVDKEBIMEZT 4 —BIVFRERIGEWAETH
D, T4 —XYNVFKEELSHMERAMICHNSIC LD -
TEZELV_NWVIINE L E>Twa, Fig61clt, 7V —A
HTEMIFIZE CAIE I B 25 M EDRZF LV Ve, T
FHICECY 2T L TADOINV—7 (D»r65@) L
TEBRTHEALER RS, &7V —70DEF L~V

Table 3 Position and deck covering of cabins

T4 —YNVFEEE» S FE T (BT Y F) b
LicBoTNE L EoTwb, Z7v—701k, ERAR
DRIENT 4+ —ENFERICR DTV V—TTHY, kK
EARDOEZ L NV ORERIIROAEILSZoTWwS, 2
neoM»s, BEVVIEFE (74 —ELVFHER)
o OMERAR & BEA OB L > TEHETE 5 2
EWGTIN D,

3. BEOTFE

3.1 EFIELDOHEE
MEREAHROERE 7 v — 28, EEAROERE T
FEE LIBERED /N T X —% % F W CEERD © OFEEE >
EFEL T, BFOGEEZ2E T VLT 5, HiHROE
FOWERE TD, % (1) RTHL, EHHAOBMER TD,
% (2) NCERT. /o, FiEH AL EBAROBEE2EGD
Bi-elER TDyHy % (3) XTHS. ZDFHHIE, Janssen
& Buiten (1973) 2SEUAREIRE % Pl 3 % 72 ISR
WOGEREEE EOIREMGERKR ZRD 21 OIREL I H
EThB, ZITiE, AUHEEMAOEELV L ORE
BERERMT 201V S, BERNOESHFE AL
BFETXR SN 25511, REMERKEEE VLR
HEEIFELLA DL EHE 26N, Janssen & (1973) 1 %
NECIEE I N BT EOHRMOFRE T — e 7 v —
BTy F R HB T 2 IREARA RS R, 2R E0R
< C,=1.0dB/frame, C,=5dB/deck £ L T52 T3,
AT, HEILIBSED 1/3 4278 — 7Ny Ry
DT —F ZHNT, BELVRIVOBERBKC, £ C, DE
MO E OBERERD 5,
TD;=La— Lay=CyXn, [dB] (1)
Loy @ BT AIEOEEH A7 b ~L [dB]
Lo : FEH S NAIEOBEZ A2 My ~L [dB]

DECK CABIN FLOORING & DECK COVERING FRAME No.
Lower Deck No.12 Student Room High Heat Board G +Deck Composition 80
No.13 Student Room Floating Floor 69
No.14 Student Room Floating Floor 62
2NP Deck No.5 Student Room Floating Floor 35
No.4 Student Room Floating Floor 44
No.3 Student Room Floating Floor 50
Boat Deck Chief Researcher LATEX Type Deck Composition 80
Chief Instructor LATEX Type Deck Composition 74
No.l Instructor LATEX Type Deck Composition 71
No.2 Instructor LATEX Type Deck Composition 66

%8 &M 15 (2010)
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Cril7Vv—2Ldbizh OWERDFY [dB]
nyl 7V —ADE

TD;=Ly—Ly,=CyXny [dB] 2)

Lyt BIGEIEOREZF A2 vy ~0r [dB]
Ly, @ FED S EOAEDRZT A2 MLy ~)L [dB]
Ci:17v*blh OEEREDFY [dB]

Nng L TV FOK

TDfd: TDf+ TDd: Cfx nf+ Cd X Ng [dB] (3)

TD; : Hite 751 (fERE/7M) OBEE [dB]
TD, : 7w (7 v ¥751A) OEEE [dB]

3.2 BRANEREL ~NILDRIEFREDBFERE

7w FBICHERENIZIZFE CHES 306 4 » A
T, BED /34275 —7 Ny Frvds—4 &3l
B (ZTV—AFEBELTyFH) 6, 1) XAEHOTC,
(1 7v—2btY)OFEEDOFYE) OfE2RKD 7.
Table3 12, #ELMEONE (FVv—LBFFET v F
%) EREEOMIRERT. &7 v F BT DS 1/34 2%
— 7NV RIBED Cr OfEIE -0.3dB 2 5 1dB O T4 4h
LTWwah, &7 v ¥ TIEBmE BEERE T 3R> Tk
WiEER L o 72, —flk LT, Fig. 712 Lower Deck Ofify
EOREHHT — 8 »oRDIZ1/3 4275 —T Ny RED
C, Ol MBS, (31.5Hz 55 6.3kHz) % 8 43| L
72 ED Cr ODEZRT, 22 TIE, C,OREBEEMZ
BM T 270, BEBCGEE 31.5Hz 5 6.3kHz) *
843, 44E|L - HISB I TE L BED Chy Ca &
ORI B TCEYLIEED Cp DfEi%EKRD 7z, Fig. 8
wixe7 v ¥ (Lower Deck, 2¥° Deck, Boat Deck) &5
WTHE L TRk 7z Cr DR EEE %27~ L, Tabled iz
* Cr DEERT. RFWEHBOFHHEIX 0.39dB TH

| —9—1/30ctave band
1.5 —
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o
.
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Fig.8 Averaged C; : noise level reduction per frame

Table4 Averaged C, (Noise level reduction per frame)

Frequency| 31.5 |63 125 {250 |500 |1k~ |2k~ |4k~
[Hz] | ~50 |~100|~200|~400|~800| 1.6k |3.15k| 6.3k

0.3710.27 1 0.76 | 0.46 | 0.56 | 0.48 | 0.21 | 0.04
Cs[dB] 0.32 0.61 0.52 0.12

Fig.7 C;: Noise level reduction per frame on lower deck

6

0.39

D, Janssen 5 (1973) R L72fEH 1.0dB XV /&L%o
Tw3, 72720, C,OfElE, kB (31.5Hz0 5 6.3
kHz) % 8 &L CTHEHL 7238541213 0.04dB 20 5 0.76
dB, 443#EIL725&12130.12dB 425 0.61dB £ &0, A
W 125Hz 2 5 1.6kHz O TK & < 7% % BB
ZRLTW3, ZOREBEHP T O HEIZ 0.57dB TH
%, EFEERECEER T T3 itk o T, CDOEEN
ELFHEiT A ik TwW3, £, C,OEIZ7V—
ARAREW & > CTHEe 25, Janssen & (1973) X 7 L — A
MRz L Ty, [EEA] o7 v —A[_REIE 700
mm T&H Y, Fig.8 xtf Tabled 2w L7 C, DfEIX, 7
L — ARRE 700mm THERTE DS A T IR B B AR OGS &
DIETH S Z L WCEETIHERD 5,

3.3 MROBEL IO EEHHEDFE
JRENHKEBEBIN TS 7V —AFB ST L HONERSE
NIZIZECHERZET v F0BERLT, BED /347
§—T N RO TF — 5 LEIRIE® S, (2) R
Co (1T v B2 DWEDIN) OE%ERDIz, Tableb
W2, MREOAE & REEOHEEZRT. &7 vy FIKBT 3
1/34 2785 =7\ NED C; DfEIX -2dB 5 10dB i
FITHM L T B8, &7 v ¥ TIIiAME L B8R R
STwhWnwiER 577, —fHle LT, Fig.9iz, 7 v
— 7@ (Fig.6 2IR) OMEDOFHEIT —5 » o3RIz 1/3
F Y =T VED C, DE & RFEEFE (31.5Hz »
5 6.3kHz) % 8 /3EIL THEE I L TRz Cys @
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Table 5 Position and Deck Covering of Cabins

GROUP DECK CABIN FLOORING & DECK COVERING Fr. No.
@ Lower DK. Engine Control Room Floating Floor 53
280 DK. No.3 Student Room Floating Floor 50
Upp. DK. Entrance LATEX Type Deck Composition 61
Boat DK. No.2 Instructor LATEX Type Deck Composition 66
@ Lower DK. No.14 Student Room Floating Floor 62
2N DK. Student’s Mess Room Floating Floor 69
Upp. DK. No.l Researcher LATEX Type Deck Composition 68
Boat DK. No.1 Instructor LATEX Type Deck Composition 71
® Lower DK. No.13 Student Room Floating Floor 69
2N DK. No.2 Student Room LATEX Type Deck Composition 80
Upp. DK. Saloon LATEX Type Deck Composition 86
Boat DK. Chief Researcher LATEX Type Deck Composition 80
@ Lower DK. No.12 Student Room If—i%leieztoi?)irs?tgn 80
2N DK. No.l Student Room LATEX Type Deck Composition 87
Upp. DK. Saloon LATEX Type Deck Composition 86
Boat DK. President Day Room LATEX Type Deck Composition 85

—O—Averaged over Octave band

I —9—1/3 Octave band

-Cd [dB/deck]
NS
4

31.5 63 125 250 500 1k 2k 4k AP

Frequency [Hz]

Fig.9 C, : Noise level reduction per deck for group @

EERT.

T 4 —EVFEER LR AROMENEIZE, Ty ¥
LY OWERC,IFRELSE>TWS, T4 —EILHEE
BiEELImE (Vv —70) KB 3 EERT 2dB
25 10dB, 7 Vv— 7@z B 3 E R 1dB » 5 8dB,
TN—7RQIBILBERIFI0AB» S 6dBTH B, —
F, T4 —ENFEEHE,SHI0T LV —4 (21m) HEhi:
it (v —7@) 2B 3BERIX-2dB» 5 4dB T
bbb, ZITIE, T4 —ENVFHKEEDSDEZTIEAS LT
B L~V DNE L 72D, MOBEFIEL S D2 L DI
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HENE (2dB) LB 2BRVBENTWEHDEFEZS
na, InsOFERIE, 74 —ENVFKEED SN AIE
TlE, FEHAOIREICHIZRTAOBMENTIMNI T2 X
TCHNCERENRET 2B IC L2 b0 EHE2zoN05, COD
i & FRRwC, FBWMECHEE (31.5Hz 205 6.3kHz) % 8 43
E, 4 53E RO RRECRIRIC O W CEAMRES LT C, Off
R®7z, Fig. 10 12347 v+ (Lower Deck, 2V Deck,
Boat Deck) I DW T L TRD 7 C, O FF BB %
w~L, Table6 iz C, DE* 3. £REECHIE O FE)HE
X 2.8dB TH Y, Janssen & (1973) 7R L 7-fE 5dB X D

l —O—8-Blocks ====" 4-Blocks =~ * = 1-Block |

-Cd [dB/deck]
[=]
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Frequency [Hz]

Fig.10 Averaged C, : noise level reduction per deck
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Table 6 Averaged C, (Noise level reduction per deck)

Frequency| 31.5 |63 125 (250 |500 |1k~ |2k~ |4k~
[Hz] | ~50 |~100|~200|~400|~800| 1.6k [3.15k| 6.3k

1.9 141 3.8 ]4.1|5.01|2.41]0.5]0.7

C,[dB] 3.0 3.9 3.7 0.6

2.8

b/ BoTwa, A (2005 MAABEYM CEHEIL
TeARBIHNERE 2> & ORI, BRI RS N TR Wk 125
Hz % & 500Hz T#75dB, &3 XK AN T 63Hz 20 & 2
kHz THI2dB b 2. C, OfE1%, FEEHHF (31.5Hz »»
5 6.3kHz) % 8 5EIL CTHH L 125E1C1:0.5dB 2> 5
5.0dB, 44372841213 0.6dB 25 3.9dB £ 72 b,
F B H63Hz & 800Hz OHIPH TR & < 75 2 B B Hk i
ZRLTWS, ZOREEEPITONVYEIT 4.3dB TH
%, B TIIHEREE & R EX S LR COEES o ihE
LixoTwa, [EEN] T, HEEZ2EERNID %
{BE Lo Twa, [EEMN] OfEEIZ, A (2005)
DOHEEE L REROMEOTMER > TWw5, £/, [EE
M) DTy FEEIZ2,500mm TH Y, Fig. 10 ) Table 6
R L7z C, DfEE, 7 v FE & 2,500mm CTHEBEE 2 &
FEXRAED &L EE O OBEDETH % 2 LICFEET
LEBRD 5,

3.4 HFKEROEIRL ~NIVOHETE

MEOEZT VN2 TFHIT 2 7201C1%, BEe s 51
OBV ANNVDRBEE 25, BLEREOEE X, &
TSR DB L XL — LRV ZHWE 2 ENTE
5, —F, ERMGEHE SRR ANE T O TN, F
TEREER LRI B OIRENNEE L NV W S LT w3,
ZOBEIIE, EEEE L AL L IEORS L L R
BARDT 2720 DNWL DD T X —F R, Z
Z Tl%, Tabled4 & Table6 lZmmL7z1 7V —AY720 0D
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Fig.11 Estimated noise source level from measured noise
level of No.3 and No.14 student room
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Fig.12 Cumulative relative frequency distribution of level
difference between estimated and measured noise
levels
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Fig.13-1 Comparison of estimated noise levels using Cy, &
C4 and measured noise levels in No.2 student
room on 2N deck
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Fig.13-3 Comparison of estimated noise levels using Cx &
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Fig.14-1 Comparison of estimated noise levels using Cy, &
C4o and measured noise levels in chief researcher
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