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Underwater Airborne

Ships Broadband source Range of Sound Pressure Levels
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40
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0.000 1
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KTF—2F, Yo INART Y 2a—=ROBY A AT 2 —ZFOMEL IRV A RO O
iR B OBEE LAREN Z BT D 72D O RERRI R RE1T 0,
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FE) O NRZFNZEI 180dB K 190dB re. 1p Pa rms UL EDOBRZF IS NS Z & D7
WEHEER L TW5, MEMILIEREE (Marine Mammal Protection Act: MMPA) (13,
W ILEA~OBEORBICE L L TWD A, BEEIREE IS TR R mbE s 1L
OB U728 E S Tuneny,

M

SN TlE. EFRWEANME2RESHET (NOPSEMA) 23, 1EXEEFE D 95% D EER]
1000m D FREEIC BV TERE L ~UL2N 160dB SEL Z#i z TIEAR 6 W EHEL T\ D,
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SOURCES OF NOISE

Sound travels

4.5 TIMES

FASTER in water than in air.

WHERE VESSEL NOISE
COMES FROM

®&————— ENGINE AND ONBOARD MACHINERY

.—? DRAG FROM POOR HULL MAINTENAN CE

In the North Pacific Ocean, underwater xﬁ—‘ RQWISFERN THRUSTERS
A A EEE— a

noise has been DOUBLING in intepsity L3 t
EVERY DECADE for the past Fa e———  PROPELLER

60 YEARS, 7 '\ - |

—  CAVITATION noise from large
vessels is caused

by propeller

NOISE INCREASES WITH SPEED, cavitation,.
-t

BN
VESSEL NOISE CAN

AFFECT THE ABILITY OF
IMPACTS MARINE ANIMALS TO...

AVOID DANGER
; COMMUNICATE

Underwater noise P
interferes with the L '
3 ) L]
ability of marine ~—— '-.h
animals to transmit and .. e
receive acoustic = ® LISTEN
information. - NOW,

@
[ In some areas, vessel noise has
reduced the area some whales can

[ ]
FIND PREY communicate by 9 0 o/
& -

MATE AND REPRODUCE

NAVIGATE

WHAT YOU CAN DO ¢/, e

GUIDELINES

In 2014, the International Maritime Organization (IMO) recognized that WWW.IMO.ORG
underwater noise associated with shipping is something that can be mitigated

Options to reduce ship noise underwater already exist!

SLOW DOWN MAINTAIN OPTIMIZE DESIGN REROUTE

p

Operate below cavitation Clean hull and Insulate ship engine and use Incorporate vessel quieting Modify route to avoid whales

inception speed and maintain propeller resilient mountings for onboard considerations during re-fits in immediate vicinity and

avoid rapid acceleration machinery, Modify propeller to and new vessel construction. known sensitive marine areas.
minimize cavitation

PORT of
vancouver

initiative aimed at better understanding and managing the impact of shipping activities on at-risk
whales throughout the southern coast of British Columbia, Canada. For more information and footnote

The Enhancing Cetacean Habitat and Observation (ECHO) Program is a Vancouver Fraser Port Authority-led
references, please go to portvancouver.com/echo

K 3: /829 —/\—& TECHO] 74935 LDTLEVT—Y 3y (BEEH22)




3.5 HEEHR#E

ISO (EFSFEAELEERE) 1, 2010 4FE, v Fu o ISO MEITB W THMZEES ISO/TC
43 38 NI/ EES SC 3 TAKFFE] ORBEZIE L, KPFTEOEUE 1 %2 Blts
L7, KEEENEESIT, BEHIEELHB L, W OOEZERF ISO HEE2HIE L
2o ZOFIE LTI, 2016 40 ISO 17208-1 Hiks [k rh 58— ﬂéﬂ%@mqﬂ% DEK

OMIEFFE—H 15 tmﬁxaE’Jfﬁﬂﬁ“é@@kﬁ@m@%@ﬁ% 7R PR T 2 )
HD, ZOHKIX, 2009 FIZHIE S 2K EREREICEE T 2 9o R TH D KEH
F ANSI/ASA S12.64-2009 a2 6 OKHERE OB OHEFE—F 156« — B

FICTERL E N7z 2012 40D ISO/PAS 17208-1:2012 HikkIcE x#Hb 2 b DO Th D, ISO #
X, L 2o T RKERK LD b BESCHIAMOH CEMEDNESHWVL D LR STND,
INHETORKIE, M2 HEHETHY, BEL-UVIET 2 ERTIE AW, HIED
FEERIPHIIRIEICIAT Hiv, R TORFICEHAFTRREELZIRET 2 Z LITAAETHD
LRI, TFEBEAEEZR] WO HENINZA OGN TS, FX 4 1%, ISO 17208-1
HEBICHESINT- AN Fe 7 U REHIETH D,

N
3
|
[
. - O

Key

1 ship under test dy dcpatan(15°)

2 distance, dcpy, at closest point of approach d2 dcpatan(30°)

3  hydrophone d3 dcpa tan(459)

4  15° angle between surface and shallowest hydrophone

!

be }

30° angle between surface and middle hydrophone
6  45° angle between surface and deepest hydrophone

NOTE dcpa = 100 m or one overall ship length, whichever is the greater.

4 : 1SO #R1& 17208-1:2016 MD/\A AT+ VEREAE. &IEKZE 150m X (FfE&*1.5



X 4 1%, ISO Hitk 17208-1 THE I N7 /KHFEFHIE HIEDOK T, Bt ROMnDE
BRAEIHEHENAIANA, Fa 7+ 3HEONEBELEAEZRL TS,

ZHICH %, 2017 FEI121% ISO Hikk 18405-1 /K58 i8] MHlE ST,

[FIRFIZ ISO @ TC 43 SC 3 /N E4xiE, ISO #iks 17208-2 [7KH & EE—ifin s & DK g
HOBELOMEGIE-H 2 B« TRAKIOKPRIED S OFR L~V ORE ] OflEIER%
EOTWD, ZORKITRIIRRMTON, Z<OEIEa A M ELEBITKRENTZ, K
DOAGREPEIZMIT T, 7F A FOEENMTOIL,

T ISO @ TC 43 SC 3 /NEEEIT. E/AKBICIIT 2535 HE B4 2 itk OflE b
Bt T\ 5,

M L A KB ZFICET 58 9 —o0 ISO MK OHIEFEEIT., M4y, HIFEES
ISO/TC 8 i & Maresidl ) No/NEES SC 2 NELEBREIOMR#E ] MR LIz, Z DOfE¥%
OFEF., EEEPESME ISO/DIS 16554 [ & HHFEEIN—pEM 2> O U S 5 KR E DO H
TE—RKIIC T DT A S, BRRUCHT CRIFE S, AKRICELTHEE L

7,

BB S OB HI EEE L WIT L T, ISO/TC 43 SC 3 /INFEE £ I1E. ISO Hik
18406:2017 /K FEE _HiITBAEE DK PEZ S ORIE | 21ERK. BE LT,

EREHFER A Z B2 (International Council for the Exploration of the Seas: ICES) &
1995 FICHFEMFEHMAEELREL L., D EICEEREM O ORFICET 2 IEAKXOM
f Lo ol REEEIT. HROELR DM TIThN D FEORE~O@EH Z Bz, i
%ﬁﬁﬁ#%ﬁ%éhé% LAV DR KB OIS 2 DT, BELINTIT, mKRME
BLEOBRENBLEMDENE VI BREDRH 722, O IX, RELIE, FlttEo sy
AR & 28 o > T X 7o EMEE T 2 H0T, T8k & I3 72 2 M O /& 7 1E D BRI
WZER oo, BEHRENZIEH D2 FENFIH R TH 555, BURF R O S I FB Dk
FOKERDZIE, eimn A7 o — RO 717 (highly tip ofﬂoaded propellers), —EEjH
‘fil* IREINTCT 4 —Brx vy BREHIER SOIHEMERE S o BRI EE— 7 —

ﬁﬁowf%éoLl//%@%ﬁ%@u%%@ﬁ%%%i\if.“%%i®#@ﬁi

IZRRE ST U B 7e

Al FIX, RAEMOBRFEBICKE 2R L G272, B L RERES ORHIC
£ 5= A MEINTHET b0y, FEFRICHMEOROIINOREN T TH H T & &k
L7,



4 RS HRA
41 DNV GL [SILENT]

DNV GL %, KPEZ/DEICRIT 5 EM RIS T, 2010 FIEBEHTH D
[SILENT) /—F—3 3 ZBAL, Z0#%., thoMkipEbFEED ) —F—3 3
ZEMAL, ZOEMZ DNV GL 2L R UNMEERNAE L R>TWD,

DNV GL OfEEZEMETH S [SILENT] (B3EEE 26) /—7— a ORI EEAIL,
SEDIME « A HEEE O 72 DI R 7 K R BE & 2 25 3 2 A D S s
K FERE D TR 7 E &Rl GBI R T A EEROBER IS TbOTH D, KPERSE
BIEFIEICET D2 T v v 7 Tl 898 K ONE R T U o ek ¢ A Rl RE 72 )
EHEE LT, MEICREINT AN, R 7120 BDL2E LW EORENELNTZ, BT
FRIDOANA Fa 7 4 0, ORI L D1 K74 O & 05 O UERE OfF 5k
EQRREAE LT <. ANSI/ASA S12.64-2009 Hikg O M€ f71E % H L7~ Bahtiarian &
Fischer (2 X 2%l (BEEE 25) TrENTEEHIZ, EBEOHFEREICBITARLNTZ
BEMN ORIEIIIARE Y 2 TIETH D,

FEMZRERERIZ L W . ANSI KON ISO BREAEE T 2 BICHEME/e A R 7+ VRE A

\ZFH S T D EREE N ER TE D 2 EN o7, PO DNV GL @ [SILENT| /—7
— 3 a VOBIREHCIE., MMOEBRBKIIRZHEIN CWiehotze, A=Y a D
[SILENT| /—7 —3 =2 Zid, ISO #ik& 17208-1 OEAKILOHE HFIENFIHAIEE TH
%, T 5% TSILENT] OEAKEIZEITHHETIEDHFIETH S,

H5: /14 FAZH+25—20H

[SILENT ] DOf#Hi/N— a »Tlid, iENS ORIEZX—R & L=k S =llE
FENEAINT-, ZOREFIETE. 7 aLT 8BS oRERE SR & fEEE S 5 E o FE B
PEIZEDSNW TS, FAFEEAORE X, ZEEESHNEIX. 2< 0%4A. EFIZZED
SR NBRHINDL L THDH, 7 —RAFOMDO KPR OGS, T OiEH 2 2 MEE <.
RERVEIR E COBE L RAFROREBRGIZE T 2 EHE R BNICIIEIZZ O XA NRLE L



2%, Flo, AN O & D125 2 FFOME T, &R 5 E O 52k 1 3
Lo, S (I R EDREIZER Ltk ThUAOETORE) PNREEBE S
12, EE OEBEEESGE DR TREREE L H D,

ZOWEFTEZITN L O0ORFIN D Y | BEE = R /L X =P RE T ICRE S i
JENEWILE (BAOEOH 5 ERICRESNTET 4 — B REKE) T, ﬂ’u%ﬁuﬁ (EPN
ERBEEIRDN 2 WG E ORI FRETH S, T 6 (X, TSILENT] Offilg{b S izt
WEFIETH D,

=1
=—T> &
Inward rotating
propeller
1 i i 1 |
A.P S i0
R e —
° R =
)\ Qutward rotating
! propeller

X6 : [SILENT] OFZBIEREDENEBREEDME
FEUE, RO F WA T ENTALEICRE SN E 12845 E  (pressure
transducers) & W /=S HETIETH 5,

DNV GL @ [SILENT| /—7—Ya i, b5 2O%7 /) —7—var, +kbb R
Fid). A (F8). S (MERA). F (A2%). E (BRE) oM,

R Gi#) /—7—3i 3%, ICES-209 (& &k 24) BEDEERICED #7222
HTHn, R /—7—vasd, afffREEmizEZk LTy, Z<DHE. 74—
POUREEM D " HBMERRRE ., FRMERE IR e — 2 — | Rk ST ARER
B a T EOR R R ER R IR A L e T 5, 20 =T — T a X, R
10Hz~100kHz % 71 /3—9" 2%,



A (FE) /)—7—vasid, REREBEETOTFHORWERRNT VAT o —F — 0O
bR EZZER L, 1~100kHz O&EBREEEH A 7 3—F 5, (EROWET 27 L%
B U E R ATRE CTh AN, T a NI R EHURB SR ENSLETH S,

S (MEHRE) /—7—Ya i, BEOHEREICEAINAA RN —v—F—71|Z
NI SITonA Ra 74 o OFEE<T2DI2, 3~300Hz OAKJE Bt fH o B 2 5 E 3
%, HEREML. "M Fe 730 2N LA N —~—%2HL, =7 THES
NORKEEZRNT 5, BB ORE L ViciEINTSGSE., 7T — 2 IUE~D
i Ens,

F (%) /—7—a %, AEENER W=y (10~1000Hz)., F£7-. AREEH
K O B O K R BEE O T 25 <720 (1000Hz LL_E) (08 A JE 5 550k
B NR—FTHEMETH D,

E GREE) /—7—Tavid, oMo OWMEOKFEEEILH A Z L2 BB
LB TH D, Fi-lcEZB LSz IMO OMNER S K O RO @S W 1 _Z (129
HHANOFH B & REEOERE XK A2 H 5O A IR ERT 5, FH/ —7—va v
L. 2 TOWEAEAM~OELRFET HZLZHPNE L TWAHTED, AfmikE 7 /3—L T
%, FIEOBENIEREFP] 10~1000Hz THRIUCEUE T, £7-. WLEOBE ) 1328
FPHZ B R— L T 5,

4.2 TSILENT] BlIEAEDHME

[STILENT) OFEEEORIEFEOFEMIL, DNV GL £H] 'DNVGL-RU-SHIP Pt.6 Ch.7 |
(FEER A) (IZREfiSNTWD, WEICE, BEICRE SIS R 73 24
LT 5, ABdgMmE. TRO LS, 7V —k—V 7 (free sailing) T/ A K>
F AT D, MBSO OREE X, Wil T 5 REXEICR W TRES LD, 7Y
—t—=VrHE, T HF—RE R T A — O & BARIRICE 2 TEET 5,

Recording equipment Vessel undar test Shore B Sca p
oy

Recording
equipment ( Hydrophone 1 Sailing Path

I:l\_\/ﬂ Closest point of approach

5

BT —HIZBWT, N a7 3 MR R BTV (cpa) ([CHIET 5, BT
Wi, HERIBICR T 2 BimiEL (transmission loss) OFERIME X I34%% T+ 18 log v & /7
W5, Tr) 1E, WEMTONSHEE (m) TH D,




WIS 0.2m LN O E SIZERIE SNz A Ra 7 4 2 K AREICE, EEKEROH
E'5dB %‘_}iﬁﬁﬁjﬂéo

ABRAT RN NA N o 7 4 > b th ORH & REEORE HIEE TRIORT, 7 U —
= U TRl TR T 2R RO TR NA B T 4 ORI D D I
INOIRMAANA Fu 7 3 OFEME MR ER OS2 ME 5 /v FEUT Tl L72FFE TO
RERTH D, Ml 5 /v FRY BREWEEIE, TRO KX IIZ, EDOERD BN
A o7 vz iR e s U7k £ CRtdkd 5,

- Avcraging distance = ks, 2 x ship length

Averaging distance = 3 kis,
| % ship length

] |

Stop Start of recording

ATO7 Y —k—1 7RI, RIS FE— OB CHEENITTS 2 By b
HIEZAT 9. FEMATORERRIL., TOEEBFMORE LV ERET H7-DIZF—H
NFEETE I ND,

B G ORFEERE 1L, Ve LB HERRORY ERRICT=F Y 7 21T D, WEREMN
ARERRI R O OFEE X0V & 10dB Ll HEWEEIT, MiEOMNET R, BRI SRR 5
DEEHE £V b 5~10dB KW AR, BEEEE 2B S IROBEFE LA b5 /T2,

REBR T AY, BB R D OBRE LV b 3~5dB KW IGEIE, BERF ORRZ M, A
BECTOHNITHERRT 5, MR QPRI EE L WGEIIE, BT 2 B RO L ~Lh D
FlEHT D,

MBS DS BRI R 6 DBR T L W b 3dB LINIRWE &I, iR OJRIA 2~ "6
THITHERT 5, BB ORI A ATRE R A 13, WIER RITHERY & 725, W OREES
HONFFE DRI DO IZRON TW L HE L, FrEBREEOT — X 3RS I T 2 >
7SN EEWRRO L R OFEBERONET —F 2Rt 5, £ ORER R KGE AT
REAT 7T, RRICEHIIRE 21T D o

AELEE XSG T, EEA =D —OfR@ Y I, RTEE SN O TRITNIE

B, JERER OB K OR THRHCIE, HEY AT AR L EY) R IERETT = v
79 %, TRIFMENT A —F—DRETH D,



T E 5 BAT dBre.1Pa ‘m

FLvERE 1m

PR A 2 R FHBBI O ERIE, X% 18 logl0 (o rlm)

NA KRB 74 DORE MEIEA> D 0.2 m BL T ONEICEE, MEITEEICIEFEm TR,
F 1 S O IE -5dB

M O FEANT (B B o R, i RO 450 1RTY, EE : MO S S
IFEIERE (cpa). ARAR 100 m — 200 m

AR T DIKIER 30 m SUIAADOBIK D 3 5D K E VI

K & BERER 7 0> K E LA +-5m

JE) 8 K D U H I B —T N R

JE BT 13 Ao 5—7

B ET, ATva Tt ek

T =2 O, EHMUT (T —k—U )

<5/ v b, HROEE #HJ

AT AL — AT >5 /v b, MOEEX2/HT)
RT—R7 30 #

)
1875/ Wk >10dB : fHIEDLE R L

<10 dB : ¢RI E

HEORBEIAFTIv LY

90 dB

KR

X

BERENE 2—7 5 — b 4,/ JBRIER 3

43 ZDOmKkH=RA

DNV GL DAk b

B x \ZRIBED K PERSFRIED ) —F — 3 g U AEA LT

%, FFRIT, B EKFEEEED ) —T—arO—EThs,

Ptk ) —F—3i 9 DL PN
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3.1.2.2 RS S oiEERRBE 1L, Rt oOEE zOfEEIC LY. 7 &2 >3 [3.1.3], [3.1.4], [3.1.5], [3.1.6] . [3.1.7]>—
OB OBES M 2T,



3.1.2.3 FEENREE AP EPICER L. R 1ITHE SN ERITHR S R Y EfEIC RS 5,

3.1.2.4 B G, eI S, @ OREEIH CHEEET 5, PKERIC 26% 0L EOEEN B DAAOS A1,
DNV GL N EHEK & & Pk RO 2 FEHOLM T OREEEET 5,

3.1.2.5 K EEEIR LS OB E N S 2 BHRR OV A7 AL, B OEREN XULEF T — N THEiET 5, Kk
AT, RS UEMMOZEHATOLEDICLETHLMEERE, A v FA 7T 5, e boBi TR EE#KSRN
RSN 2581, OB &E 52 MIEREICRHET 2,

3.1.3 T (Acoustic (A) RBREM:
3.1.3.1 BRI, TRIN D@ OEELFICBNTREBNERIN D,

3.1.3.2 K HFEMERICA T A Z —OMENTLE R & HIFE LIofipfild, BEEHAORMAEOLTRREZIT O Z L3P S
N,

3.1.3.3 KPP EFEMARHICA T A Y — 2T DG & R TV L iAE, TR 2 IO S THRRZ1T 9,
HAFR)— b

B (Light survey) 13, JHEET 1 _T DA TMAELATH 2 LA THEAMMORIETH B, AT A5 —FIHL, WEROMIBE MRS 5120108
M7 27 25— SN HEICHRET BEEOY Tab—va v &7,
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2 KA
2.1 —&
2.1.1

TRAREABR 1T, 7KIRAY 150m Z 8 2 DRI 31T 2 BRICEH S 115,
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WX, AT AZ —[EHROEE SV RIERPA T, HERDLBY oA Rr7r i TR 5,

322 RBREOVEFANY—
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3.3.2.8 R ORFERZ L, D7 < & L IERMIF LK TR T 5, BRESRBMOERE LV b 10dB L EERWEA T
FHIEDOME T 720,

3.3.2.9 R ENRABRASMED L 5dB - 10 dBIEWEAICIT, BREEEZRIHL U5 EHT 5,

3.3.2.10 WEBRTE 2B R OBEF LV b 3dB -5 dBIERWEAITIE, EEEEHAMRE L, WTRETHIUIIERT 5, PR A
AREZR G AL, W 2BV A D5 ST 5,

3.3.2.11 WEERE S BRX R b DEEE LV b 3 dB LI MEWEGAITIE, WEERARAE L. WEETHIUIRRT 5, MRS
TROPEERDB A FTREZR S A, MERE RIZIED) & 72 D W DOREERT N E D FB IO AET DT, RV DAY b
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3.3.2.13 JIELEE L, FEE A — I —OHARIE S T BEORE VR EZ R D, EUNCRTFEE SN LD L35, HIEORE
M THRZIE, JET AT A2 E @Yy ) 7T L—F—2HOTRET 5,

3.3.3 T—HSHT
33315 —%F. UTNEALUSHEI HZ—T 7 4 VE—XTFFT (FE7—V o254 Sz HnTord 5, %

DG, T X T A NE—OFIHRNOEPREAR A & TTEC 61260 class 2] THET 284> 7 4 L& —IC
METDHILICEY UBA T Z—T R RICEHRIND, PFET — 23, F#E LTHTZMITRNT 2 Z L kS,



3.3.3.2 HIE D BRWEFIAIL, BET D 1/3 47 X —T X RE A "—F5H, 50kHz 75 100kHz O FERBE#HPIL, 7 —
ARFERIND 90AB DX A F I v 7 LTk FlalBH, o BEEN [ EREFEOBEIC KX BT A LR LT3
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AR A O F— /L T ORS L, FAfOBIKD 3 ELLT Th - T b7,

4.2.2.3
TuT 1R B LTI EAERSG 1 EOH T THH, K3 EETOMAN R TH D, BEDLHR
T T 25 GE, 4.3 30THUE SNk T — 2 T FIE ) L v 2 fiv %,

4.2.2.4

TuRT 2 He FHRES AT LT HAMOLEIE. T e T 1R U TEN A S 1 RAR 2 o R A
T %, AANCIRK 3 ETOOEBEBZMEMN T2 L b ETH L, HEROLRBR MM 25613, 4331 ES
NIRRT — 2 T i3E H ShIc B E) L~ vz v D,

4225

ENEWEIIR 7TIORTEIICRBESND, #HRINHNMNEZ, ToXT70D 17 L—AANX—REB T ROT 127 EE)7
MORED.25 7 aXTERETHD, 77 EAOHIRIZEY, 7BXT7D 17 L—AAR—RFIHTNG 47 L—HAAN—RXTk
FET, POBRNLLEE S MO 7RI OO T 15 7 L— R 1 EOBERE TORBENTFRESND,



4.3 T —HX DFLHk

4.3.1 ¥

BIEZBRAAT ARNC, LA T OUERIEEETT S,

a) HEHOBR L JEREOGE

b) R EI LIRS, PR EIHEE R TFIEO H i

c) fERINDHBERE ORI & i

d) EERSEMOBERFEERBRTIHCET2RAOHE

e) BER— Y OMIL T IMANE ) E MR O 0 724 U ROERICET 2 REOHE
f)  #EE L HIEEOMIEREE T EOREST

g) ANy 7U—ER, #BE OREBHIBIEEE OB ERR

432 HE
4.3.2.1 7V —t—V > ZFHIRER TiX. S50 TRIK L SBOREEITV. T—F ¥t 5,
4.3.2.2 REBRBRALARIC, EDBERE D L RICH D7 0T O E COREE R ET 5,

4.3.2.3 DMk & OREERE @ FENEDOME & 1372 57220y, MEMEGE ORER, REE2AMETIIRVWE DFEH, *
7o MRS b DBRE L -UVHIEDT20IT, LU ORBR & E T 5,

4.3.2.4 FHEB IS O 2T OHEERES X OB SR 2 R DR v v v M F U LICRIET, BEHEZIT>, 20
ARBR IR R BR & N D,

4.3.2.5 T ORBG SR & TR D IR 0 BN Z0EEIRAEIC U, BERE 21T 9., Z OB G SRR & IHTh 5,
Ta AT T LR,

4326 %5 L7:% ISilent] /—7—¥ 3 > CHEESNZERRECEENEZIT ), ZORBRIE b —& VERERER L M
s,

- h—Z B ERBOBREEY, BERERBO/BRL EKT 5, b= VERERBROZAE I, %0 B EEH I
BOTHRESFRBROMRE LY 4072 < 26 10dB &< RTUER b, 2 0L S WIEaIE, BREIRZ 5T
L. FIREZRGAIHEBRT 5, HEBRTE WAL, MERBRIIEL L 2 /iR H 5, WBEREIRSHER T 254613,

h— 2 VR E R E TEIT ),

- b= 2 VERERBROFB R L, HEARERROMS R L T 5, =2 VERERBROIZAMEN (5% 028 R
FIZ B WD THEBRRSHREBROFMS I LY b 10dB UL EmWIGEIE. P2 VEEHRBOMBIIEEERE L TROND, #
RABE B 3 BR D JE W B 4 28 b — 2 VB E RO R L 0 b 10dB~3dB RV VAL, KRBT RBOB TR A E L, BE
R ERIEREE O RIET 5, TO%, HE»OIET 2R IZ, #E & EHELEE D D O BB EE1T 5,

FEBIES TR O WP N D FE R 4 AS . b —Z VBRSO R L Y 1 0dB~3dB KW\ XL W EA T, BRI T
) R AN

4.32.7 T —Z DLk OMICHVWLNEEIL, 90dB LU EDODX A FI v I Lo PEFOLDET S, RIEEOA L —
2=, BARETOT—ZNEBORFMELY IR R L2, AT I v 7 Loy YofaHHd 5,

4.3.2.8 HITEILE L, 5B A — I — DRI S TR EDOE VR AR D, BUNIRTEHENZ b0 L5, HIEDBA
Bp&RTHRICE, WES AT 22k El@i 2%y ) 7L =2 — 2V THRAT 5,

43.3 FT—HEoH
4331572, VT NAAALUSAH I Z—T 7 42 —ULFFT (@7 —V 8H) Stresze AWToth+ 25, %4

DA, T—FIT, TANE—DHIHANOEIEITR R A > % [TEC 61260 class 2] THETHHEA2EH>T7 4 L& —IZ
METDHIEICLY U AT ¥ —THIBICER SN, P — 2%, BFle LTAEMICRET 2 Z Lk S,



4.3.3.2 IO RWHEIAL, BEST D 1/3 47 X —T R RE A "—F55, 20kHz 75 100kHz O FEREEPIL, T —
ARFERIND 90AB DX A F I v 7 LTk FlalBH, o EEN [ EREFEOBEIC KX BT A LR b3

AT, BT 2 2 L BHRD,

4.3.3.3 FEMEARIEIT, ARG OB IO ERMFE LR [+ 20 logr) @ ZMEITTOILDLNENS OWFEE m) %AV TiT

9,

4.3.3.4 MARRTOERFHT LV . PERFRICERSHHE-6 dB i H T 5,

4.3.3.5

MESNIENT — 2R ER L~ LB 2 FBREIE, oA FOSEROUHIE, MARESSN OMIEIC &Y KBRS

LAV B,

WIERKR O LRI L0175,
LRN = Lpressure+ 20 lOglOI’/]’]m - CI"6 dB
ZZT

Lpressure — Eﬁ(ﬁﬂﬁ%lﬁ‘((ﬁﬂﬁ?éﬂf: 13 A B —T R FEH L)L Lp

Cr FEMELERE CRIE SNIZBEEIR L~ D D u A ROFEEMRE & BB E L~ i3kt g L7225 [Silent] / —7 —

Ta rOEMLIET 5,

EEEH AR BRIDOT-D 1 Cr=29 dB - 16 Logio(f) for f < 100 Hz

KO Cr =+ 3dB for f> 100 Hz

o, 4 B EFSNEES 100m & OEEEIROES bm [ HSW\WTn 5,

4.3.3.6

REFERIL, TRV NIZE USH I X —T 7 4 V2 —DHEEE L~ e LTRET 5, T—##H7 +—

~ v bz 61T,

F2: QENRTA—F—F&

U B AL dBre.1Pa 'm

L YRR 1 meter

EREE A B AR 20 logio (z7r1m)

JE )0 T8 HEE D R BUZR S DR T L — MMEIE O -k
A AR i SO DA IE -6dB

T 0D AR TR RN OBLK D 3 fi

) e H i ] BT 542 1847 4 —T N R
JE Koy B 1/834 07 5—7

JABE T, AT a v B

F—4 OFHR, 7V ——V 14

AT AL —[BliEH; 30

RT— K7L 15

>10dB : XfLDOMLIER L
<10dB : BlE SN 7=FIRICHE S

SRR G BRI RBMR H 5720, HARR (Ba—74—h

5L &) OBRBRIEMIIH KD TRET 5,

WEORIEZ AT Iy

90 dB
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FTERER B KPEFIHIFM=HE—E (VARD#HE#HKY)
1. 7ORIBRE
1.1 7ax7,/7a~x7&et

1.1.1 7 v b 247 0 o[EEiE ok (Reduction of Turns per Knot (TPK))

B (7 v b)) B0 T e RIEEEERD ¢, REORN B EE€5, 20Dl TaxJE

FEORAELBRET, BEY Yy F7uT AREy F7aXJWiJICHMWRETCH S, HOWD T~
7¥rxbETr—vay (Fe7axs@loxrer—vay) 2 EL, Fre7—va vRERE
(Cavitation Inception Speed : CIS) Z¥IN< ¢ %,

1.1.2 7r = J OKEEDPLK (Increased Propeller Immersion)
7u X7 FOGREHNEEZ. ¥r T —vavoREI L CISITHET S, WH» O 7 v <7 Ot
BRECIZE, Fr T —va VRAEREAD L, CISIEHMNT 2, EERICIRG LOFINIES 2,

1.13 "4 A% 2 =7 v <=7 (High Skew Propeller)

RO 7o _F LD TL— FPRELBHIMER LT v T, TuI 038 T 22k HIC
WETELICEY, FrET—va v XX —VRWRET L, TuIEHOARMEMICL Y, TaTF
FreTr—ravPRd L, CISBHENT 5,

1.1.4 I CLT (Contracted Loaded Tip Propellers)
TuRSBROAMEZRERICTEIZV F L — 27 u<5ick), 7us&EoFry Ly — 3
VYRR, CIS 23T %, £/, TV F 7L —FICX Y, HEYZ Y o)) R/NERCTRAHEE) 2
gL, B, IR, CIS 23T 5,

1.1.5 —HE 4§z 7' m ~ 7 (Contra-rotating Propellers)

1 D 7o ZHREHEY . b9 1 B 7 o7 EEHR Y IcHiRs R 7 e ~7, 7L — FAfoD
BAICEY) 7L = FRADOF ¥ €7 — > a VAR L, CIS 28880, 7. MnoRiEofk#Eic X )R
Ui ¥ v 7 — v a VAR T 5,

1.1.6 7 v =7 v ~7 (Kappel Propellers)

Sein A3 eEM (suction side) ICH— 7 L7785 7L —F, BEOMRI 239840 L, AL m b, #= g
WXy er—vavARd L, CIS AT 3,



1.1.7 Fed 23 5 @Rt L 72 7 4 v % FF2 7 1= F (Propeller with Backward Tip Raked Fin)
TL—FBENE (D y T axITORGHI) Ch—T LT ax7, sERHEL, FrEeT—v 3
VHBREY T EFEZLNT WS, Rl AR X R I TWian,

1.1.8 Ky FEI 71w ~=Z (Podded Propulsors)
TDXATDTuRTIL, BREEIEEL, v T —>avi CASBEPT S, LarL, B#R»S
D~ OB AT 5, 2.2.1 &,

11974+ —&Z—Y =2 v + (Water Jets)
AADONERZ 7 b bR EINIEEY =y Mk W EEIE NG, By r—va VREBRKEL 7o
~TRKPL LT Lk ) EREREAT B,

1LILIO R 7Y = v b (Pump Jets)
TVLRAT—=AVRAT—F—, 7ax7 X7 rofled, EHKED X 5 mBHRESMICEH S5,

1.1.11 &M 7 v <= Z  (Composite Propellers)
FHEEAM AT 22 Lick b, TL—F (i) OEARKOLAFE, ¥x 7 —vavoit
FELRE, 7L — FORE A KT 5,

1.2 i DE

121 7L A7 — L &5 — & — (Pre-swirl Stator)
TURSGESTDAR —VERRICEBINEAT—Z—7L—Fickb, thiRiz e <5 1B AT 5R1ICY
ZAL 7 bPEND, TNV BERMICERRPEEL, FreT7—> 3 V2D, CISEENME Y3,

1223 a4—2 12—+ X2 b (Schneekluth Duct)
Tuax7 ORI ETSBMIEOX 7+, 770 ol EzdEL, 7eX7HEDOF v v
T a vFERERIHIL, CISE2HME 25, BinkiErET S,

123 707K AF % v 77 4 (Propeller Boss Cap Fin : PBCF)
TRRIANTIMENTNET 4 v, ~ATTF T —va v EEET 52 LT, BEE LIRE ZINHIL .
CIS ¥ &2, £/, FAXGHIEFRZ AV F—BLZHEL, X2 EHD 5,

123 7u~<7 %% v 7% —vt v (Propeller Cap Turbines : PCT)
AT R Xy TIHEINTAA Fr 7+ [ VERO 7L —F, PBCF LHERIC, ~TWF T —vav



ZEERT 5 &, BE LIRBIZMIHI L. CIS 2N ¢ 5, £/, FEGEHIEEET 3 ¥ —18K 2 [HI{E
L. 2% &m® 5,

1.2.4 Grothues 2 & 4 7 — (Grothues Spoilers)
7 u R ZHIOMEICHY T OoNTEEDO A —T T 4 v, To_IEREZSEEL, FreT—vay
ZAKIH. CIS ¥ & &, MEIFELZUET 5,

1.2.5 Mewis X7 + (Mewis Duct)
THRSHEHDOE T PTG INEE I P E T LAY — AL RATF— R —%E%, LAV —LATF—X—
¢ Grothues A& 4 7 —MWiGF DH|H % FFo,

1.2.6 Promas
TG NTFxFrv T TE=NLVT | TE=ERENFNIEOEG =y MCHiA, a5
DERERDEE, TL—FENESZIHITELICXY, FyEeT—vave CSzRb I3,

12.7 2 + N7 (Costa Propulsion Bulb : CPB)

THRZICH o TAVT DN 2EDB 7 X —ICEE I N HE, ¥ T — 2 a vsg 2 iRt il
flFszlick) 7m ROz ANF—BREZEEL, FRNICT o IR ZKHL . KPbEE %
BT 5,

128 VA4 A+ F X — (Twisted Rudder)
IKFRANRRE— VI EDLETCUAZEZ DDA R NTE I8 —, 2EoF v T —32a vBEd L.,
cmﬁ%mﬁéoBCRm%ﬁ%*E@$®Wﬁﬁ%%ﬁtﬁﬁmﬁméhrméo

129 v v Z A7 ) o —fify FIENFRGAR  (Asymmetric Body for Single Screw Vessels)
FERFREL T DA IC X D, FORTY Y IV R 7 ) a2 =T aRZOIENIRREES, 24X Y CIS
DE TS %,

1210 AJZ Y vy F7u X7 0¥y F L IR O FmE . (CPP Combinator Optimization)
AEY Yy F7uX70y 5L OFEIC LY, EHEE R OIEKO 7 m < 7MEO* v 75— 2
vRAEMIFIEN D, 2RICX Y, EEREKONER O 7 u < IR SET B,

1.3 A BAfr

1.3.1 #iE TFEOUE (Improved Manufacturing Processes)
7L — FPETHOMEZEHICL Y Fr T —v a VEEET 5,



132 =737 v 27 I (Air Bubbler System, Prairie)

TuRZEGEONZBL CTERQEZES L, 7o _IMEERIC* y 7 —v a VIC K W FRET 2 EZRRER
W2, CHICKVENERMEINL, FYET—va v T AORENEL LS, REAICFr T —
3 VYOS L. CIS 23N %, M EMOEIB R EES Z L 2z, FEFIic b i3 2 4%
BB B, WHEHP AT NVATEERHCHHA L T 28l Th 2,

133787 7L —FD Xy 77 v A (Propeller Blade maintenance)
T7uRI 7L — FOLARBIRERF Y T -2 a v iENEes, by 7Lz y Z7ORlIICh Trx3
TL—F%WEBT2ZLICL), FyE©T—va v e CSHRPT S,

1.3.4 Fii5E KL (Anti-Fouling Coating)
Tu T REICHITGER 23 2, WHgECld, KpEEZINHEICB L Tk~ iR m o,

1357 vFvvFvry oM (Application of Anti-Singing Edge)
TuRIDIMLAV YT Ty PRWR L, HRBRET 2MRORET 2P 3¢ 5,

2. 1R
2.1 BEBE 0 E IR

2.1.1 FHEDiE

FHE (KA vzvyy) OFERIE, MoBREEICKE CREL, BEHEC R ET 5, BlE. K
S DEIIET A —CA T VI v EEIRT 220, A—ECbBIcHLEX A WEAIT. THIIF 1 —
ATV Vv EIRET %,

212 (F4—%¥n) =L 27+ VY v 2 ((Diesel) Electric)

HEREI DR b Y ICEXIE 2T T2 221X v, 1hH (v v b)) PHEEABEOMEN & Re# RIS
HEE CHMRABEIHFERSTREL kb, 72, 7u7 OFROIED L35, FE5EKE) ORI
BREh L b KL, BRI PEEV, 20720, 2R XY b thoF o EEE L EGIINCERHA S 2,

2.13 TR/ 7EA % — € v (Gas/Steam Turbine)

[l X — e ik, BHET A —EALZ YV XD EDPTH P, BREEIERIMK . R X M k&, BITE.
R TN DR X — VIR BE I LT v, %K DEMIZEI N ZEEOE I L b A X —E
YERMAL T2,



214 A% —Y v 7 x vy (Stirling Engine)
SMBEBICH 2 A2 — Y v 7z vy vid, WIRBKBI X 0 BEEE2ME, BFDEREME I OBV < | s 7e
HIIZEENIC IS C E 7o\, FE0C SR ERE o I 25 40 B 70 K ME & MEERE IS BRI T T B,

215 7Y <AKX 7 v ~<=7 (Azimuthing Propulsors)

TV AR T B RZIE, MENEOREEEMNE O — 2 -2 N (BX - WS . SRS D
TuRZAHE GERELNE) O 2 XA 7055, WXA T b 118 IR L BEEINEIEN2ES 5,
BRI BRI ZF T oS, TEEXBEHRICIBERE—X—DBEERH L, MEA4 7L d, HEE
EREICBET 2 B HIIRE SN Tw 323, #lEIEvwE I TWw 5,

2.2 FEBH o B 5 i 5 v

22.1 BB o =B % E  (Resilient Mounts)

WO H 2 +H (77 v b)) E, BE» O DIREI = 4 V¥ — DIE R M L. ik oKf~D x4 v
F—DIEERIT 5, LHEOWEYIEREFRELMBEL 2D, —RANICKE 2 A be—r vy vicid
LN E /N

222 {# %K (Floating Floor)
B D & 2 1% 2 IR/ SR Z IR Y . 2R 2 5E RO HICRE T 2, BE OO & ICHE
MrlRER FBRTH 5,

223 7 7 +FfE (Raft Foundation)

ZBARBIRRREE S 27 L, HIB . 1 EANIIEBGR O 7 7 b (EES) ki nis (vv v b)) o
R CERE SN, 77 P>EICTRE~ Y v b LofiiRifi e i g, chick ), IREl= A ¥ (5
HEDH DDA VE—X Y AN T RERL, BEEZ KT 2, =Yy /FTRy 72 Xigdzvy v
SREEICEAINE %0, BEEORKZWVW2A =T 4 =KLV Y VICRFATE v,

2245# 1 70— % — (Acoustic Enclosures)
HEOHWEMZHAVADEEICL Y, ZRBEL2TINT 5, TALF—DiME~DEREEL KB L., A
o DOKPEREREZIHT 2, IMNIF 4 —CALZ VY RUFRZ—C Yy ORICHHINS,

225727574 7F ¥ L — a3y (Active Cancellation)
TCOIRENZ A DOIREN TF ¥ VL35 2 LI XY, RGO BMIRE) 2 1H 3~ 2, IREIIER & v 3 —.
v —FiaAUREE, PR A REI LT 7 F a2 —%H03, XoT, BRI X MEEHV



2.2.6 “F-HH /Rt ok g B = 4] (Spur/Helical Gear Noise Reduction)
B E D g DB S D EREN T i L L. B E OISR 2 KR T 5, S R ELER s 7 B,

2272Atu =274 =T vy v OERIROINE (Control of Flow Exhaust gases)
2AMR—=IT 4 —ENT VYV OMREEL PR O AWM R T AR X o THI I C T 2 B 2 KR o
7= % ORI ARG,

228 487 + — 24 (Metallic Foam)
KBRS 2RI E B 7201, T4 —EALIZ VI VDR Y I XRIEANT R 2V 7 I FUEM 2R
%, HFLEMIZ. WIBICEIND LEBEZTINT 2525 5,

2.2.9 HEiE - finfk. M. IROIE)EAL (Structural (Hull/Girder/Floor Thickening))
MEERDEAZR T 2 &g, KBRS INHICEREE 2 5, WEME R v e — X v AR BEE 2 F A
g, Wiy v eI INAGEICRRCRN TS 5, EREEM D BEEFEINHENIC IO,

2.2.10 ##&RAIR # 4 /v (Structural Damping Tiles)
A IC R % A v 2R Z eI D IRB) AL F =2 WL, Z DfR & L CORKPRBUR RS 23
Y525,

2211 FEIET#Ht =2 —7 4 2 (Acoustic Decoupling Coating)
FRN=TF—LXIFR) TF L V7 F— LDF 2 MASERICHY 1), BB OIRE) = 4 v ¥ —iC X 2585
TR RIS 5, EKBEICHL R HITTH B,

2.3 REIRE D EIR  (Alternative fuel selection)

2.3.1 #AELE M (Fuel Cell)

KR &R ZKIC RS 2 ORIc X Y BN 2GS 5 %iE, PR X Y & RIEICH 2 TH 5,
(REIEOZIRITEm A, 4 v 7 7 LITEEEE & HAICE, 74—V vy v 2 oo )ik
b b KIFICHHEME )

232Ny 7Y — tEBHIEK, A——Fx N x— (BR_HEFavT v—)

Pe LB IBHE SN AE R IC L Y E I Nz AN F -2 T T 5, Ny 7V —IARENCE»TH
D, GEERR O EREERT D v, TAAF —HE MR 20 AT S RS BUBHEIR S O TR i
DHAICHWLN G,



3. RAENZFE
3.1 iAo LEt

3.1 AR RO A v T F v A
MARHOAR A v TFFy RFEPIAME 5, chick ., EE~oEMAari 2B mL. FH Ui
HEMERFT 2 -0 i L, KPEZ LIS 5, EANARMMAD A v T F v ABHETH 5,

3.1.2 =7 X7 27 I (Air Bubbler System (Masker))

PEBEER 2 I T2 2 0 A D D I = e B T 5 Fik, BEY AT LT av 7Ly g —%2H
W CBEER S KO RIEE A S 5, M~ EYM OB Z SR L H Y. T2, RN
R A L&D, BEEVPREAZES L2 C0IEAROERTILELRH 2, BEIAT
NAHBITHHALTw 2

3.1.3 fiviAZE 57 (Hull Air Lubrication)
ZERMHE Y AT L (ALS) 1F. WL D2 DIEMATAE T 4 D 72 O IR O YL %2 B3 5 B <RI
LCWwW3, EfED~ 25— (Masker) v A7 L EFAKOEZRFOEEZL D Z 5,

3.2 finfR ATt wEt

3.2.1 EEhERARTY
TARTI SR A o HIc X b, B ER 2D &, fERE L COBEEE L 7o R I7EE 2K
Wt 2, 2OX)BMAIIEE BT ABIRIEZED, Fyer—va vREFRELZRNE T 5,

322 A% =77 v 7,/ v (Stern Flap/Wedge)
b7 v LATEHO/NS Y, M2 O RAET ZMMBRICHEL, BOEREZWAD X2, WEEREE %
K% 3 %, Hull Vane FRE TOREIE 7 + 4 V) 4 v &2 —+1 7 X =B D FEORI R 5,

4 ZF oMo EREINHI BT
4.1 J&@)

4.1.1 714 F x4 (Kite Sails)
PN OIRE IC Bt X = A A4 b BN SHEN 2R X ¢, (EROKBIKR T 12555 ot hoRE L
5,



412 7v v b F =/~ XZ8v—%— (Flettner/Magnus Rotors)

i EFRICERE SN, EFicz vy F 7L — P 2RO RM -0 B KBEER Y v X —, @Si032 )
VA —% XL LI X VN ERES S, (CROEBER Y T eI ol hofE L ks, K
ERE IR R L. RO L FFRTH 5,

4.1.3 FERIUML (Conventional Sails)
A4 bea—x—LEERIC, oW AEEOMIIHEEO B N EREZ A &, o IEE KT 5,

4.1.4 FE L&A (Cold Ironing (Shore Power))
KA (7 v —Xfiy, 2 v 7 i) miF ok L8 OB IC X D o 4T O 2 N FE A O L & {5
1E9 2 & a3k, AKHEEE OIRBICE 2 5,

5. KpEZFDTFA

TG

Pt

a X v b

1. &

1.1 737

Bimim*x v vy —va v Tk
(Tip Vortex Cavitation
Method)

B S OVEER T — 2 KD R, B
BW¥rryer—vavid, ¥F¥yE7—vavo
FCiRAKDEERTH 5 L —RINEZ LN T
W3, ¥y—F (HH) ¥Fre7r—vavi
nicki< o

PREERA IR I,
PRI T X T A —
2 — D G 72 KIS 4
HWThHb, NTA—R
— ' T AR IL 7
LA — VERERTE] T IT
EHETL0ENRD 5,

BmFiE
(Lifting Surface method)

7L — VA BEOMEOET LD =0 (T
IR ORISR ARIANC A LB e L <
TuRT 7L — FOTEITY. TDIERERE
it 27-DIclt, 75O A A M) =Lk
W OF I, ENEtEIE 7L —
FOYA XY =20 ZERT 27201
FEiit s, 2Ihby—FFrETF—avo
FHIZHREL, Y— b Fr T —a VALR
RO EEITS, ZOfERE T T v O
7. (Brown’s formula) ZFOEER % > CTIAHR
WERE L VIS 5,

B D X 5 7 IEENE
PR FE X, ERE
LMD X5 AR D
R R A B 2 LD
k3. BEOREWF ¥
vr—yavDET)Y
vIBREETH 5,




RFELTLAT)

(Computational Fluid

CFD %#FIH L T% kR TETcOHERMHF v
v'7— =2 v (Tip Vortex cavitation) DF

RANS = — Fl%. LES
(large eddy

Dynamics) HIREEETH D, 7T OFNDFHEIC | simulation) Z2—F XY
i¥. FLUENT W&y 7 b v = 72w | Sy IR ET il
TL A4 7V XIENELGE T v (Reynolds | Ktk Z 013 2, K
stress turbulence model) ZJGH 3%, A | EXMEWEELH S
J& & % %h B (boundary transition layer | 25, (1347 { T
effects) DI ITERMEIEELITE T Vv 2/ | . Zh b DT,
Wb, LA ARG F e T-R b — 2 RT) | HEIRKUAMEER
2L (RANS) ZFIMHICiE, GHHET 27— % | ETldAh,
DK% LT 27z o k%2 IFRAT
5, flEL Tk, 72vFFZT4val
— ¥ a v (Detached Eddy Simulation :
DES) #% Spalart-Allmaras £ € 5 o

(eddy viscosity model) X iZ EHEAE > 2

2L —3 3 v (DNS: Direct Navier-Stokes
Simulation) ¢ #AHOE S,  HinHEo i
T KR SRS L~ Iic 2 2 iciE. B
HEGE RO T 7o —F B0 ETH 5,

1.2 #&B

FEERI T ik 2R X7 b, WEEREL URET 25T | S oFEIR, FiC
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Vibro-Acoustic Prediction)
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UNDERWATER NOISE
FROM MACHINERY

QUANTIFYING MACHINERY INFLUENCE

Measured Noise from
a Cargo Ship

* 17 mlength
« 2 ,515tons
displacement

Noise is dependent
on speed

* Propeller noise
changes with degree
of cavitation

* Machinery noise
changes with
loading
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Frequency (Hz)

P. Averson, “Radiated Noise Characteristics of a Modern Cargo Ship,” The Journal of the
Acoustical Society of America 107(1), January 2000.




QUANTIFYING MACHINERY INFLUENCE

TABLE III. Measured source levels of significant tonal frequencies of M/V

140 pm keel aspect power spectrum, 6553? sample‘s OVERsSEAS HARRIETTE, keel aspect in dB 7e: 1 uPa at 1 m. These data

= I ' B4 ' ' k represent the mean levels of several 8-s samples. They have standard devia-
185- o 4 tiqns of 2 to 5 dB due to source variability (BR=blade rate, FR =engine
85 B9 firing rate).
180} G4 B8 F6 i
B1 B2 B3 B6 B10 Shaft rpm 68 86 105 122 140
175+ F2 F4 i Speed, knots 8 10 12 14 16
£ F3 Source/Harmonic
= 10} = 65 ] BR <130 159 170 159 174
: i BR, 175 170 174 174
= 165F Lyiia I 1 ‘ | ‘ Ll 2XBR <130 161 165 167 175
i If TR i1 3XBR=2XFR 160 <178 179
o 160F | il it g | 4XBR 173 185
= Fi2 k" o[ | ‘ i‘] 3XFR 153 156 161 176
155 = ' . r 5XBR 177 175
I ! | 6 XBR=4XFR 168 177 175
150F | VRN 7XBR 179 172
I 5XFR 177 163
) I 8 XBR 177 172
L 1 . X ] . i ) . . 9 X BR=6XFR 171 173
0 10 20 30 40 50 60 70 80 90 100 10XBR 171 170
340-360 band 156 156 159 162 163
Frequency [Hz]

P. Averson, “Radiated Noise Characteristics of a Modern Cargo Ship,” The Journal of the Acoustical Society of America 107(1),
January 2000 .
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QUANTIFYING MACHINERY INFLUENCE

1 ,036 TEU Containership 22 knot transit (Red and Black Curves)
220 - -

== KEEL: 197dB
= ANSI: 195dB
= Site B: 182dB

200

180

160

Source Level [dB re 1 uPa?//Hz @ 1m]

140 :
10 10° 10°

Frequency [Hz]
M. Gassmann, S. M. Wiggins, and J. A. Hildebrand, “Deepwater measurements of container ship radiated noise signatures and
directionality,” The Journal of the Acoustical Society of America14 , 1563 (2017); doi 10.1121/1.5001063




Many measurements have been performed and
reported

* Vessels ranging from pleasure craft to tankers
Methodologies vary

+ Direct measurement

» Vessel of opportunity

* (Standards are now available — ANSI, ISO, DNV,
ABS, etc.)

Vessel design information is required to perform
effective noise control on ships

» Can not use measurement information alone to
identify treatments without supporting information
—Even when dominant source can be ‘guessed’

MEASURING AND ASSESSING VESSEL NOISE

. | —— Ngujima
© | =——Nganhurra ]
. | ——Pyrenees
- | = Ningaloo
| ——Griffin

- | — Cossack

170 -

160

AL R
150 = A b, TRl i Fi
o i . R

130_”j “““ “““

120

Source Power Spectrum Density [dB re 1uPalez @ 1m]

110

Frequency [Hz]
C. Erbe, R. McCauley, C. McPherson, A.

Gavrilov, “Underwater Noise from Offshore
Production Vessels,” Journal of the Acoustical
Society of America, vol 133, no. 6, June 2013.
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FUNDAMENTALS OF MACHINERY NOISE

Paths to consider:
* Airborne

Airborne Radiated Noise

N P Py

* First Structureborne

___ &
esel Ei

+ Secondary Structureborne -
Dominant path (and radiated noise) will
depend on

* Vessel design

* Source levels

* Treatments

! !
Ship Structure

Many machinery items, many possible
contributors to noise

First Structureborne Path

lllustration of Machinery Noise Paths
Noise Control Engineering LLC

Noi
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DESIGNING QUIET VESSELS

Comparison of Foot Vibration for Similar Gearboxes Use in herently qu iet equ i pment

» Some equipment types will be quieter
than others
» Rotating rather than reciprocating

* Manufacturing quality
* Is there a focus on low noise and vibration?

: Structure
* Use (dynamically) stiff foundations

» Use double hulls or tanks outboard of
Engine Room

mwv s & 125 250 - m\:c . ,vum 2000 1000 2000 Treatments
e s s e * |solation mounts

Gearbox Vibration Levels : Dampmg and insulation
Noise Control Engineering LLC e  Other

Acceleration, dB re 1 uG




NOISE PREDICTIONS

Multiple Tools Exist

« Statistical Energy Analysis
* Finite Element Analysis

« Empirical Analyses

*  “Cookbook” methods

Approaches must account for all
possible paths

* Assess dominant sources

* Assess dominant paths

+ Identify mitigation strategies
These are tools

* Anunderstanding of the benefits and
limitations of any method is required

ion

| E——] Noi
m = Underwater Noise from Machinery Contr
= Engineering

STATISTICAL ENERGY ANALYSIS

Method of calculating energy transfer
between ‘subsystems’
» Subsystem can be a deck or bulkhead

Energy Input

_Energy Coupling BEHSEE

Energy is -

* Aninput to a subsystem (machinery) /

+ Shared between subsystems (through ‘(r
connections) Energy

» Dissipated (damping) Dissipation

Result is an energy balance

* Used to calculate vibration on all structures in

a ship

» Vibration can then be used to calculate
radiated noise

» Airborne paths can also be calculated in a
similar manner




NOISE PREDICTIONS

Accurate predictions are possible with
proper design information
» Structural details

10

DIFFERENCE BETWEEN MEASURED AND PREDICTED RADIATED NOISE - AOE-6

>

A
/ N\
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*  Treatments p
80 6
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VIBRATION ISOLATION

Benefits

» Best shipboard noise control element

» Reduces vibration (first structureborne
path)

Proper Design

* Requires flexible connections

* Flexible shaft coupling for propulsion
engine

* Requires dynamically stiff foundations.
Effectiveness (for applicable paths)

* 10-15+ dB at low frequencies

* 15-25+ dB at higher frequencies




ACOUSTIC INSULATION

=

Benefits

* Reduces Airborne and Secondary
Structureborne Transmission.

» Material can be used for thermal and
fire protection in addition to acoustic

Proper Design

» May not achieve 100% coverage in an
engine room

« E.g. Treatment may not extend to deck due
to moisture concerns

Effectiveness (for applicable paths)

« Dependent on thickness and material
0-5+ dB at low frequencies

10-20+ dB at higher frequencies

Noi
Underwater Noise from Machinery Contr
Engineering

DAMPING

Benefits

* Reduces First and Secondary
Structureborne Transmission.

Proper Design

« Must be applied in similar thickness to
structure to be effective.

* Weight considerations

* Locations should be optimized
Effectiveness (for applicable paths)
* Dependent on thickness and material
* 0-10+dB at low frequencies
« 10 dB at higher frequencies




OTHER (AN EXAMPLE)

Bubble Emission
e Hull, Standoff

» Bubbles provide an acoustic barrier

¢ Reduce transmission of sound into the
water

Proper Design

* Bubbles must cover applicable areas of
the hull under proper operating
conditions

» Fouling of air ejectors is a concern

* Noise from air compressors must be
accounted for

Effectiveness (for applicable paths) Bubble Decoupling Concepts
- 10

Noi
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LOW-SPEED DIESEL PROPULSION

Vibration Isolation
«  Commonly used for high-and medium-
speed engines
* Not common for low-speed engines
» Challenges
* Tall and heavy

« Engine provides local stiffness to
foundation

* Need to take thrust elsewhere




LOW-SPEED DIESEL PROPULSION

Vibration Isolation 5. ‘
« Commonly used for high-and medium- ' B |t ﬁ
speed engines
* Not common for low-speed engines
* Challenges
* Tall and heavy

« Engine provides local stiffness to
foundation

* Need to take thrust elsewhere
Is vibration isolation possible?

* Option 1:
* Isolation mounts at base, support mounts
near top
*  Will require stiff structure at mount
locations

= ] ) Noi
= Underwater Noise from Machinery Contr
~ Engineering

LOW-SPEED DIESEL PROPULSION

Vibration Isolation

«  Commonly used for high-and medium-
speed engines

* Not common for low-speed engines

» Challenges

+ Tall and heavy 7? ,,,,,,,,,,,,,,,
* Engine provides local stiffness to e
foundation :
* Need to take thrust elsewhere o]
Is vibration isolation possible?
I _ = e
» Design a large structure to widen base
—  Non-trivial

« [solation mount entire structure




LOW-SPEED DIESEL PROPULSION

Tuned Absorbers

* Apply a spring-mass system (with damping)
at the mounting feet of the engine

+ If tuned to excitation frequencies, vibration
reduction of foundation/hull can result

Design Considerations

» Vibration reduction will be proportional to
motion of absorber mass

Depending on design, absorber mass could be
‘required’ to have very high vibration

Fatigue?

» Some damping will be needed in the system
This will reduce the effectiveness

* Practical systems may require large masses
3 % or more of the engine

- Maintenance

Noi
Underwater Noise from Machinery nt

Contr
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LOW-SPEED DIESEL PROPULSION

Active Vibration Control
* Apply a force at the foundation that is out of
phase with the engine excitation
Result is lower vibration on the foundation
Design Considerations
* Requires complex, real-time data processing
» Forces will need to be on the order of those
generated by the engine
Practical systems may require large masses
+ System development will require time and
experimentation
* Maintenance




ALTERNATIVE OPTIONS

Different Propulsion System
*  Medium Speed Propulsion Diesels
« Easier to isolate vibrations
*  Would require
—  Multiple engines
—  Gearbox
— Less efficient
* Could achieve lower propeller speed

— Potential for greater propeller diameter, improved efficiency,
lower noise

* Diesel Electric
« Easier to resiliently mount diesel engine
* Less efficient than direct-drive

» Others??

Noi
Underwater Noise from Machinery Contr
Engineering

SUMMARY

Developing solutions for underwater
noise requires detailed vessel
information

* There is no one-size-fits-all treatment

Tools exist for predicting (and
measuring) noise from vessels

* Accurate predictions are possible
« Can be used to develop quiet designs
Quiet vessel design requires designing

for quiet
* Noise needs to be one of the design
objectives

* Low speed diesels
»  Optimized for efficiency, not noise
* Quiet solutions are difficult

MAERSK Nedlloyd De Liefde
Shipspoter.com
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Jesse Spence

Noise Control Engineering
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HRERER D 7o~ZREEIHIEAM (DW-ShipConsult #1)
Broad Bad Noise Generation of Propellers

F

Dietrich Wittekind, Max Schuste
DW-ShipConsult

Content

 Environmental effect

* Description of the phenomena

* Low frequency broad band noise and other noise contributors

* How can it be predicted and its level reduced?

sircossut QUIETING SHIPS TO PROTECT THE MARINE ENVIRONMENT

2/1




Background noise in the sea
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> Shipping noise prevails < 2-300 Hz with a maximum at 50 Hz

SHIPCONSULT

QUIETING SHIPS TO PROTECT THE MARINE ENVIRONMENT

3/16

Noise sources onboard

4-stroke diesel

2-stroke diesel

propeller

> Only 3 distinct noise sources
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Characteristics of noise contributions

Cavitation,
unknown
mechanism

Blade rate

>

Cavitation, shifting
in frequency with
strength

Slo
Pe
e

Diesel
spectrum

Underwater Sound [dB], 1 Hz, 1m

} >
~ 2-300 Hz Log Frequency

> Qualitative contributions are known

QUIETING SHIPS TO PROTECT THE MARINE ENVIRONMENT 5/16

SHIPCONSULT

Pattern of sheet and tip vortex cavitation : model vs. BEM

6=10°

1
I

=30°

1
|

0=140°

6=150°

P> Good modeling possible
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Reduction of Pressure Fluctuations by Vortex Generator Fins

B 1. Design

71| m2.Design u
3. Design

M 3. Design with Fins

Pressure Amplitude in kPa
N

1st 2nd 3rd
Harmonic

bwe¥ QUIETING SHIPS TO PROTECT THE MARINE ENVIRONMENT 7/16

Individual contributions

0.1 Hz

Af =

Source level dBre 1 pPam

10

100
Freguency [Hz]
75 rpm J—44 rpm

Blade rate
Broadband
Propeller
P> Low speed: engine noise dominates Propeller + ME + DG
M QUIETING SHIPS TO PROTECT THE MARINE ENVIRONMENT 8/16




Increase of level with speed

Leq [dB] re 1 pPa

190

180

170

160

150

140

130

120

110

100

90

1 10 100

Frequency [Hz]

—96.5rpm, Df=0.1Hz —85,19rpm —75rpm —63.7rpm,Df=0.1Hz

1000

> Strong speed dependence but constant characteristics
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Measurement on the ship vs. measurement at a distance, 75 rpm

190
185
180 il |
£ 175 - |
(1]
g 170 - I e = 50-Hz hump
- [
££ 165 -
3.3 160 S | ‘
=
EE 155 -; ”.17 — i =
g 150 |
3 145
m —
140 +— N
135 | 3
10 \ 100
2. Blade rate  grequency[Hz]
==3at hull above propeller +20log(3.5) —calculated from 100 m distance

P Good match, except for LF blade rate tonals, pronounced 50 Hz hump
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Measured vs. BEM

bl 1% e S e L R4
180
E 170 7
g‘f
El 160 +
=150 -
o 140 + full-scale measurement |7 g,
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120 - L I I T T i i :
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Frequency |Hz|

> High prediction accuracy of LF broad band with BEM
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Model vs. Full Scale

190
£ [Comparison of full-scale and scaled model measurements
£ 185 *
= & \ ” ® 30% oxygen content - hydrophone 1 - OP 6
™ - L] -
; 180 A ¢ '.-‘ ?Z // /\ ® 30% oxygen content - hydrophone 1 - OP 7
% l\ / \ %*f \/ \\ == FS measurement 1 - 87.7rpm
: WV Y <3
5 g . . : ~— FS measurement 2 - 90.5rpm
170 4 ">
: NN
¢ 165 : n_af‘--..:____/ N\,
E 160 . s \ ™ ‘:f \\
K > il i s i
: 3 | 1212 TINL
;A N
5 S
150
10 100 1000 10000
frequency [Hz]
P> Moderate match of LF broad
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Additional observations

observed - there are particularly quiet and noisy ships

is very important to safely identify differences

* Models allow a bandwidth of 10 dB at service speed and low frequencies but 20 dB are

» Blade tip unloading as a common means to reduce cavitation - efficiency loss
* Propeller retrofit for slow steaming: ship at 18 kts becomes as noisy as at 25 kts before
* The same hull with different propellers can mark 6 to 12 dB difference alone

+ Standardized measurements at sea with standardized correction of Lloyd Mirror Effect

* There are still ships around and be built with a rule-of-thumb propeller design

SHIPCONSULT
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Wake Equalization Devices: efficiency 1 + noise |?

Vortex-Generator-Fins Mewis-Duct

Schneekluth-Nozzle

~05L

< ~021
L=1.2m | Pre-Swirl Stator

P can they reduce noise together with wake field
improvement?

swrcossut QUIETING SHIPS TO PROTECT THE MARINE ENVIRONMENT




Conclusions and outlook

* Improving match of numerical and model test prediction and full scale observations

+ Too little knowledge about propeller design broadband noise

* Propeller efficiency acoustics not sorted out

* Presumably big influence of good propeller design. Wake equalization devices?
* Level of blade rate tonals level of broadband noise?

* Need to investigate controllable pitch propellers, particularly at off-design pitch

QUIETING SHIPS TO PROTECT THE MARINE ENVIRONMENT 15/16
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