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SOURCES OF NOISE
Sound travels
While there are plenty - 4.5 TIMES

:;‘unnd:];:'-]fh;c;z;::fan FASTER in water than in air.
increase in commercial
vessel traffic is the main
reason for increased |
nderwater noi A \ WHERE VESSEL NOISE
; ) COMES FROM

&——— ENGINE AND ONBOARD MACHINERY
.—? DRAG FROM POOR HULL MAINTENANCE
In the North Pacific Ocean, underwater #———————— BOW/STERN THRUSTERS

noise has been DOUBLING in intepsity’ - el
EVERY DECADE for the past g e————— PROPELLER

60 YEARS, _/

\ e CAVITATION noise from large
vessels is caused
by propeller

NOISE INCREASES WITH SPEED, cavitation,.

e

= 54
=
VESSEL NOISE CAN

AFFECT THE ABILITY OF

IMPACTS MARINE ANIMALS TO...
COMMUNICATE

Underwater noise e ’
interferes with the '

ability of marine [ ]
. °® .m
@

AVOID DANGER

animals to transmit and
receive acoustic
information.

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

&
FIND PREY communicate by 9 0 o/
_@ 0..

NAVIGATE
MATE AND REPRODUCE

WHAT YOU CAN DO ¢/,

GUIDELINES

In 2014, the International Maritime Crganization (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

.
‘a o ~ @

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

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

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

The Enhancing Cetacean Habitat and Observation (ECHO) Program is a Vancouver Fraser Port Authority-led

initiative aimed at better understanding and managing the impact of shipping activities on at-risk PORT of

whales throughout the southern coast of British Columbia, Canada. For more information and footnote vancouver
references, please go to portvancouver.com/echo

B3: /129 —N\—# TECHOl RIS LDTLEYT—Yay (BEFEERH22)
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e
1
[
i O
Key
1 S]li]: under test cf'; [J”CPA t.ill[I.r.‘ ]
2  distance, dcpa, at closest point of approach dz dcpatan(30°)
3  hydrophone d3 dcpa tan(45°)
4  15°angle between surface and shallowest hydrophone
5 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.

X 4 : 1SO #R#& 17208-1:2016 D/ FO T+ VEREAE. RIEKE 150m XIIMmiERx1.5
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Recording equipment

Sailing Path

Closest point of approach
Hydrophone
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- Averaging distance = Skis, 2 x ship length

Averaging distance < 3 kis)
| = ship length

] i
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4.2.1
ML S AV E TR, 1 BSUIEE RO 7 0~ T T RRE Sl 1 ESUIEEE O IERS 2R3 2, o
BRRPIARIR D F 5 — LIBHTUA T 22 — % 27 ) —1— 1 > 7 QEBMATHIZIEHEE S 2 0ET D,

4.2.2 RBE

4.2.2.1
BRI, R SN ELE A TR ZRHUTTE L H 0¥ o mr— 9 Y TOEMENARETH D,

4.2.2.2
BRSO — L FTOBWS X, FROBIKD 35LL T Th - TR B 7220,

4.2.2.3
TG 1SR LTI, FEVARER L OB T TH L, KB IEE TOMANARETH D, DL
AT 2HE L, 4.3 3ITHE SNl T — 2 STIIT B L~ vz v D,

4.2.2.4
TR T QA THME S X T L LT AMMOBEIL. T 1 RISk U CENZEWE 1, &K 2 BoE LS4
HHT 2, AR K3ET D OEMRRZMHEHT 5 L LAMRETH D, EEROLEHRBRZHEMN T 2856813, 4.3.3.1THE S
NI T T — X TR SN B E T L~ v 2 W B,

4.2.2.5

JEAEBER IR TIORT L ICRESND, HERSNAEIL, 7 aXT70 1 7 b—AAN—A% LT v 7 EiE
BORED.25 FuXSEETHD, 77 EADHIBICLY, BT D1 7L —AAR—=ZF TN 4 7 L — A A— 2%
FET, FOBNSEIEFIMO T T XTI OO T a5 7 L— R 1 EOERE COXIENTEIND,



4.3 T —X DitHk

4.3.1 ¥

e % BILA T BRI, LAUT OMERIEEEZTT S,

a) WEYoBER EHERHOAE

b) BRSNS RS, FRBREIE SRR FIE O i

c) M S DERERLEE O ARG HERR & HEfH

d) GEEESMOEE TS LR TIEICE T 2 REOHE

e) MER T — Y OFNLTUTMNIE ) B gz D) 7202 U R OIERICEE T 2 REOHE
)  HE & WE B O MG/ BI(E T E DN

) Su7 U —EIR, NS OB A D E O B EER

4.3.2 H#HIE
4321 7Y —%—V » FFHliRER ClE, F5M4CTRIE 1 OB OMEZITV, T —% 28T 5,
4.3.2.2 RERBHAARTIC . A EMER D LIRSS D 7 a T O E CORBEZ R ET D,

4.3.2.3 DR & OREER S 130l i ESHE OB & 1372 57220, HIEHEERORER, RS 2BE CIIRnwE ofEH, %
7o, HRPEEER D DEEE L~ VHIED 7= DI, LT ORERZ IS 5,

4.3.2.4 FHEBIFEBLIS O 2T OHEERER X OMBIRG 2 HR D IRY v v v hF U LICRIET, BEHEZ{T>, 20
BRI B B & N D,

4.3.2.5 2 TORP SR E HokR DR BEMZERIEIC L, BREEZIT Y, 2 OB 7Bk & iEn s,
T TERER LA,

4326 %% L7725 [Silent] /—7—3 3 » CHESNEIRRECREREZIT 5, ZOREBIL b — 2 LEREER &
s,

- h—ZVERERBRORE R B GRBROF R L T 5, b — 2 VERERBRO ITMIL, [R50 A AR I
BOTHRERERBROMEE LY 072 < 26 10dB @< 2T ER B2, ORI Z S 0GAa, BRI EZ 8T
L. AIRERGAITHEBRT 5, HERTE WAL, WEMRIIRL L e 2 o[t & 5, KEREIRDSHERR TS 254613,

b— 2 VBRE R A FEIT O,

- =2 VERERBRORE R L . B ERBRORE R & T 5, b —Z ABRERBRO IHRED (7 48
PR BV CTHEBIER S RBROFE R L 0 b 10dB 2L EE WAL, b —F VERSHRBROM RITREHEREE L TR LD,
RABE 2 3 Bk D JE W Bk 4 78 b — Z VR EBROKE B L 0 b 10dB~3dB IRV AL, BERIBR S R OB IR A R E L. B
R EWEEBEOWREZNE T 5, 0%, R DREAET DB, & ENDNEIER O OHEHEE1T 5,

HERIBRE RO WT N O EE 2, b—Z VEERBOFER LY $ 0dB~3dB IR\ XITmWiGa 1%, sBRAE S
Heind,

4.3.2.7 7T —F OitEk L GHTICAN BN HEEEIT, 90dB UL EOY A F I v 7 Ly VEFSEDET D, FMEHEOA L —
Z—x, @BEAEETOT =2 NEEORIEL Y IR D Z &2, X4 F Iy 7 Ly PRI EENT 5,

4.3.2.8 MTELLE L, Bl A — I —DHARICHE S TEEDORVEREZ F D, WU TEE SN0 LT 5, WEDRA
BEE AR THHCIE, WIES AT L2k 2@lnxy ) 7L —2—2 0 THiET 5,

4.3.3 T—HA5H
4331 T =2, UTIWEALUSH I H—T 7 4 NH =X FFT (G 7 — VU =Z5) oresa D Cotrd 5, %&

D, T—RIE, T ANEZ—DERNOEHELAR A M4 [TEC 61260 class 2] THRET L8 EHH>T7 4 L Z—I2
MATHZ LTI 1847 ¥ —THIRic A EN 5, Pk — 2%, H®E LCHIMICIRHT 2 Z L3tk 5,



4.3.3.2 ME DR EAIL, BES 2 13427 X —T N0 REA "= 2553, 20kHz 75 100kHz O EHEEHPHIX, 7 —

B BEREND 90dB DX A F 2 v o Lo Uk T HH, Mo 358 R BRI DR 10 K & <

BT BT 2 2 &R D,

4.3.3.3 HHERIIEIL, RBRGOZBHKOFRMESUI T+ 201logr) (r IFMENTONLALED S OHBEm) 2 MW TTT

50

4.3.3.4 MR HE OIERIHNT KLV | TER R E A E-6 dB 265 2.

4.3.3.5

WESNIENT — 2 3BTRSV EE 2 BEEHIE, 74 FOSEMROUMIE, MRS OFIIEIC X0 BUEEE

LU D,

MIEFROfMIMEL LR L viT o,
LRN = Lpressuret+ 20 log10r/r1m - Cr-6 dB
cow

Lpressure — Eﬁ(ﬁﬂﬁ?%ﬁf{ﬁﬂﬁf Y nic 13 47 % — TR REJI v~ Lp

Cor FE/J R ELEE THE SNTZBEEIR L A0 B D v A FOFEBGRE L RS LV~ idsd5 & 72 % [Silent] / —7—

va rOEMF LK S,

EEHAR BRIO 7=+ Cr=29 dB - 16 Logio(f) for < 100 Hz

KON Cr =+ 3dB for f> 100 Hz

ok, 4 BEFSREERE 100m & OBREHROES bm 2SN T g,

4.3.3.6

HERFERIL, T2 OV NTE R U F I X —T 7 4 L E— DR T L~ Ul e LTINS 5, T— X7 +—

~ v FOFIEK 6 I1TRT,

R2: WENTA—F—F

T E S HAL dBre.1Pa ‘m

FL e 1 meter

PR BRI £R 2 20 logio (21 11.m)

JE ) E 2B D FR KR SN DT T L — MEE D T
AR RS T RO O IE -6dB

WA T D AR MfRDBK D 3 %

JE I H s B 542 134 4 —T N R
JE e Koy 1/834 0 %—7

JEESHT, AT v a v BRI

T — 2 OFHIIRERL, 7Y —k—U v T 15

AT AL —[aliEf 30 #

RIT—=RTN 143

(=R /B >10dB : LD XE L

<10dB : BUE S N7 FMEICHE S

RGAM

SERIHTITEEE WK T D AR B 572, FHRE (Ka—74—h

5 LA L) ORBRIEMITHIRD 12T RET D,

EEORIKAATIv LY

90 dB

To RO LN
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FREEHB KPBEBEMHEHEMEHE—E (VARD#EHKLY)
1. 7arRSBE
1.1 7ax3Z /7 a7 %6

1.1.1 7 v F 24720 o nlEEEL DY (Reduction of Turns per Knot (TPK))

W) (7 v b)) B0 T e RIEMEEERD ¢, RORNEBb €5, 20Dl 7TaxJE

FORBULABET, BEEY Yy F 7R Ay F 7 IWFICGEHAETH L, HOLWE T r

Z7¥xbvr—vay (7o ® Eoxrer—vay) Z@KL, ¥y 7 —va vREERE
(Cavitation Inception Speed : CIS) ZH4& ¥ %,

1.1.2 7'v = Z DKEEDHLK (Increased Propeller Immersion)
7aR7 EOEEIFENL. ¥y e T —vavoREX L CISICGEET 5, HH» L 7 a7 O
BREWEZE, FrET7—va VEEIFEAD L, CISIEENT 2, ERICIHG Loflisd 5,

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

ERMD 7o F7 XS 7L — FBRRELSBHCMER LT vT, TuxI73Z1MT 2552k HIC
AT 52X ), FrET -2 a v R —VHRRET L, T kmoARMERKICL Y, TuT
FreT—vavpRd L, CISBHEINT 5,

1.1.4 I} CLT (Contracted Loaded Tip Propellers)
TaRIBHOAMERANICT IV F 7L — Mg 7exJiIck ), 7exo@iEoFy s —v g
VA, CIS BINT 5, ¥, TV FTL—FicX by, HEY 0 o)) (R/NERTRKEE) 2
gL, BEE. IRENEA . CIS AT %,

1.1.5 —Hxir 7' v~ 7 (Contra-rotating Propellers)

1 B0 7 m < Z 2 WEHE D . b9 1 FD 7 v <738 KIEHR Y icBliE s 2 [ 7 e <7, 71— FAffo
BAICEY 7L = FRAED*F v &7 —>avEd L, CIS 288l, £7z, fho RO FEbic X b 3
Wi F v €=y a VAL T 5,

1.1.6 7 v~ v 7' v <7 (Kappel Propellers)

FeiE 3 e (suction side) ICHhH— 7 L7270 T 7L —F, #EigimoigX 25 L, shE 0 ., #EHig
ME¥r 7T —va v L, CISHAHEMm3 %,



1.1.7 i3 /5 @Rl L 7= 7 4 v 2 FF> 7 v ~<= 7 (Propeller with Backward Tip Raked Fin)
TL—FBENE (B y AT axFORI) ich—TLzTnx7, GEIAEL, FrET—va
YHBEL T B EFEZ LN TV B, FE AR X R TN TV R0,

1.1.8 K v P 7@ <=7 (Podded Propulsors)
IDRATDTuRTZ, BHREESLEL, FrEeT—va v ASPRI TS, LaL, BEi»o
DR~ G JEEE DO BEE 2SN 5, 2.2.1 b S,

11974+ —%&—Y =y + (Water Jets)
RO E 7 v OEHE I NZETEY =y Mk VBRI N3, GuwFreTr—v a vHFEEEEL 7o
_RESEKFLLEETZLICE VEELREST S,

1LILIO R v 7Y = v b (Pump Jets)
TVAT = VAT —R—, 7uxZ X7 offed, KD X 5 i KEEICGER X5,

1.1.11 &M 7 v <= Z  (Composite Propellers)
FHEEAEM T2 Lick b, 7L —F Gt OEARMKOLELZIE, ¥y 7 —va voRE
ELE, 7L — FOREZ KT 2,

1.2 i DYE

121 7L A7 — L &AF5 — &% — (Pre-swirl Stator)
TOURTHHTDAZ =V RRACHBEINZAT -2 —7L—Fickh, tFRIEZ7exFIBATSHEIICY
ZAL 7 bPaIND, ZTNICE ) BERMICERRPEEL, FreT— a3 VA, CIS 2 ¢ 3,

122> a4—271—F X2 b (Schneekluth Duct)
Zu T FEEOFNIICET ABEMAEOX 7 b, TuxI0 FiomntEL, TuexXSHiFoF v
F—a vIERZIHEIL, CIS 2N &3, HBiitkeE2dET 3,

123 787K ZAF ¥ v 77 4~ (Propeller Boss Cap Fin : PBCF)
TRRIANTIMMENTNLT 4 v ATWF YT —v a VEBRT S 2 LT BE L IREIZIE L.
CISZHEMX 22, 72, FFHIRME A Vv F—4BEZEEL. 21%E 250 5,

123 77 %% v 74—t~ (Propeller Cap Turbines : PCT)
NTF vy TEI NN Fa 7+ 4 VRO 7L — F, PBCF LRI, ~7#EFrErT—vayv



ZEHT 5 2 &, BE LIRBI 2L, CIS 28N ¢ 5, 72, FEKEHIREEET A ¥ —i0K 2 [I{E
L. IR zmo 5,

1.2.4 Grothues A A4 7 — (Grothues Spoilers)
7RI OMRICEY I oG o -7 T 4 v, TuIERESEGEL, FryET—v a3V
ZAKIR, CIS ZHin & &, MESIERZLET 5,

1.2.5 Mewis X7 + (Mewis Duct)
TURIEHTDEY PICHEINEZE 7 P T LR — AR TF— R —% &8, TLAT— AL AT — X —
& Grothues AR A 77— )7 OF|E % 5o,

1.2.6 Promas
TaRG NT Xy T TE=NLVT | TE=ERRENFRINIEOE =y MK A, 7R TR
DAMEZRDVEE, 7L—FENEEEMGT2 LI, FyET—vavi CSzZREDEES,

12.7 2 + ZHtEN 7 (Costa Propulsion Bulb : CPB)

THARZIGH o TN T Oy 2N T X - I N EE, F v T — 2 a VA5 TR E
fldazick ) FaxIHiOI AT —i0RZEE L, #RWICT 0 < IIRE) 2R L, KRS %2
BT 5,

128 V4 A+ F & — (Twisted Rudder)
IKFRANR =V ICEDLETCUNAEZEZBL-DICVARANTE78—, RfEoXF vy T —32 3 VP L.,
CIS 238813 %, BC Ferries 57 K E /i 5 0 BURME S 4 A e finf IcRAH S vt w 3,

129 v v 7N A 27 ) 2 — i IEN TR (Asymmetric Body for Single Screw Vessels)
FERFRERGT DZERARRIC L O, R TY VIV R 7 Y 2 =T aRIDIENRREZIES, THiCXbh CIS
TS 5,

1210 A/ Y v F 7B J Dy 5 & RO (L (CPP Combinator Optimization)
AAYyF7ux7ovy F LR OFHEIC LY | EEREROCMERO 7e X IMEo* ¥y 77— 3
YREAPMF I NG, T IT KD EER R ONMEERF D 7w R Z RS WET S,

1.3 AT

1.3.1 8 TR o KE (Improved Manufacturing Processes)
7L — VELETROMERERICI Y Fy T —v a VEERT 5,



132 =737 A7 L (Air Bubbler System, Prairie)

TuRZREON AL CREAEEH L, e JEERICF v 7 — > a VICX D FET 2 HAREL
WH 2, ZHICKVENERNL, F¥ T —va v STADORENEL kD, BRNICFy T —
3 VA L. CIS 233 %, MBFEMOEMB N2 L 2fi<koic, FHPICH T 5 4%
3B B, WHEP AT NVAEHRFICHH LTI THh 5,

133 7a <7 7L —FDRXv7F v A (Propeller Blade maintenance)
TuRITL—-FOLARGRERF YT - a vERNIE S, Yy 7 EH Py 70Micd 7rxT
TL—FEETLZLICLD, Fr T —va v CSHBEAT S,

1.3.4 [i75¥EL (Anti-Fouling Coating)
7o 7 RENCPIGER 2T 2, WFECiE, KRhERFIHENICE L T4 2R 05315 5 h i,

1357 vFvvFv sy YoM (Application of Anti-Singing Edge)
TuRIDILAYV YTy YRR L, HRARBET 2MROBE 2 HY ¢ 5,

2. HES
2.1 BEEH D ER

2.1.1 THEDER

T (KA vzvyy) ORI, oS IcKE (B L., BMEIHEDTEC b HE S 5, B, K
HSDEIIET A —EA T VY Vv EEIRT 270, A—BECbFiIcHLEZX AR WES X, TEEZF 1 —
AT VYV ERET S,

212 (74 —%n) =L 27+ Vv 27 ((Diesel) Electric)

BMERE O b D ICESXIEI Z AT 22 Lick by, 1A (v v ) LEABEOMHMH 2 & ReB) B
HET CHRRESIHIFRAREL b, 72, 7o XTOFEROIED A5, BXENE) O #h3 I HE
BXE L D DK<, BRI A MEEV, 20720, 2 A XY bfthof|pioEEEREWIMNICER~A IS,

213 A/ 7KK £ —1t v (Gas/Steam Turbine)

R 2 — e Vi, @ET 4 =¥ vV X OEDPTH 25, BEMIERIHK . AR R M idE v, BITE,
JRTF IR N DR Z — e ViRIdFREEE I LT v, S OB N EEOE I L O A X -
YEEHALTW 3,



214 A% —Y v 27T v (Stirling Engine)
HRBEBACH 2 22—V v o vy vid, WEAEBI X D D BEE MK, ARHERETE I A < L duE 7,
I ZEENCT I IG T & 7o\, FACTHURT S D I 23 46 B 72 VB AE & MR IR S T 5,

215 7Y ~AK 7w ~<7 (Azimuthing Propulsors)

TV AR T BT, RN OEEEN & 0 — 2 — % NE (BX - BEWEE) . SIS o
TrRZE (CEEANE) O 2 2 A TMH L, WAA4TLh, LIS ISR L RBEEMHEIER 25 %,
BAXBEME SR i3 ¥ 7 oBEE, TRBEXMHRICIERE -2 —0EERH 5, WX 4 7L b, PR
BREICE T 2 AFERIZEBO TV 228, il EVwE SN Tn 3

2.2 HEBE o Bt i 5

2.2.1 BEBH o E it B XiE  (Resilient Mounts)

WHHEDH 5 18H (=7 v b)) 13, O OIRB) = A V¥ —DREZIHEIL, ks oKkp~o 41
F—DREXENT 2, LHE DY) EREFRELLEL 75, —RICKM 2 A te -7 vy Vit
FER TR,

222 % &K (Floating Floor)
i Fic ko & 21 2 IR/ B2 R Y . SRR 25RO FICRE T 5, BE oo &I
HrRe e FBTH %,

223 7 7 M EEE (Raft Foundation)

CEBARBIRERE S X7 o, BB, 1 N IIEBEOKER 7 7 b BEEE) o i hnis (v v b)) O
FEEIcEBESI N, 77 PREICTEHE~Y v Lokt oiiiing, chicky, IRz AL ¥ —(5
HEDH ) —DODA V=XV AN TR L, BEEZ KRS 2, =Yy /FTRy 72 XiFzvyv
SHERICEAIND 2B\, HEORKZW2A IR =2 T 4 —¥ LT vV VICRAATE v,

224 ZFEEL v ru—V v — (Acoustic Enclosures)
FRE DR A T VCIADREEIC L ), H5EEEEWINT 52, T4V F — DR~ EBRmE LKL, AhE
o DOKPEREEREZIH T2, INIF 4 —CALZ VY RUOFRZ -y ORICHHAI NS,

2257207574 7F ¥ v+l —3 3y (Active Cancellation)
fﬁ@ﬂﬁgﬂ%ﬁu@ﬂfﬁﬂ’é#«v VAT H T EICX D, RS O BEERIRE) & S35, IRERNE H ‘/‘H‘*—\
VY —EEi At WAHIR# 2 RE 3T 7 Farz—2—%fn3, XoT, HBRaX &



2.2.6 “FHaEE /) ol i BLER S ] (Spur/Helical Gear Noise Reduction)
B HE D B DB R A S DR & sl L. tE O RIMEE S 2 K3 5, S ARG s nEZ L k5,

2272Atu =277 4 —E¥nrT vy v OHERIROIIE (Control of Flow Exhaust gases)
2AMB—=7 T4 —XNT VY Y OBRBEL PR O 2R T ARIRIC X o THI R I EE 2 KO
7= PRGN HI R G

2284 )& 7 +— 2 (Metallic Foam)
KBRS A BRI 27010, TA—ELIZ VI VDR Y I NIIANT AR Y 7 IC%FUEM % HHT
%o HFLEMIZ. WIRICERIN S LEREZWRINT 255 %035 %,

2.2.9 it ¢ iR, M1, IROMEEAL (Structural (Hull/Girder/Floor Thickening))
WEEROER 2 Lk, AKPIEEEEE IR Ic B2 5, WIEfEIEA v — X v AR EE 2 A
X, Btk v b I I NG ECERCRIRTH B, EEEMD B IBIENIC Lo,

2.2.10 #ERAIR # 4 /v (Structural Damping Tiles)
ARG ICHIIR 2 A V2R AL Z Lic kD IRE) AL F— 2RI, Z DOfHR & U CKAPRBUR R 53
W35,

22.11 HEIET W= —7 1 v 7 (Acoustic Decoupling Coating)
TRN—=TF—LXIIE) TF LV 7 r— LDF 2 AMASERICHLY 1), BB OIRE) = 4 v ¥ —iC X 288
TR T 2, FEKEICH O HflTTh 5,

2.3 REIREL D IR (Alternative fuel selection)

2.3.1 #ARLE M (Fuel Cell)

K & W A KIS 2L ROBIC X 0 B R ST 240, NI X v b KIEIC#s»Td 2,
(REIEORIZEm 2, 4 v 7 7 LR E &0 - HAICR, T4 —¥LrT vy vz oo kL
D b KIFICEhFE ML)

2322y 7Y — t BHIFK, A—N—Fr v x— (BER_HEa2vT v —)
Be LA SUIARN A ERIFIC X WV ELEI Nz AV F -2 W T 5., Ny 7 ) —IARENICH»TH
b EEER O THERE D R\, TANVF —HEAMK 2o FEREEETHE S35 BRI o T4y AT
DHRICHNHNS,



3. mENF
3.1 finfl o L e

3.1.1 fipfAkEE R DO A v T F v R
MARHOAR T A vy FF vy 2 FEPZHENE 2, 2hick ., EE~oEWMar s EmL. FUn
EE MRS 2 -0 BRI L, KPEZ OIS 5, EHNRMAD A v T F v ABHETH 5,

3.1.2 =7 N7 > 27 L (Air Bubbler System (Masker))

PRBEER S 29 X 2 5 2 iR DAl D I B 2 HH S 5 Fik, B AT Ltz Tav 7 Lryy—%2M
WCHEIER S & KD IcRia R FAE S 5, MR~ DIFFEEY OB Z B IR DB Y, 72, BN
W X5, EEYPREZEC I L2 S0 IFHT OEHT 20 E R D 5, WHEERT
NAHBITHHL T3,

3.1.3 iR 225 (Hull Air Lubrication)
2GS AT L (ALS) 13, W< D2 DIEMMFTAE T A4 D 72 0 IR o T % B89 % BRI H
LCTWw3, fEfED~ A5 — (Masker) v AT L ERKOMEEFFOLEZLL 2 D,

32 iRt

3.2.1 ERh AR
TR NSRS A O HIC X 0, R Z2 D &2, MR L CEEIERS & 7o < 75 21K
W2, 2ok AfilEE BRI AgnE2Eb, Sy er—ya vREEEZHENE 8 3,

320 A% —v77v7 /Y xvY (SternFlap/Wedge)
b7 v L TR O/NRIAEINY), AR O R 4B T S ARREBICHE L. N EKR 2D T 2. iR SRS %
fK¥K 3 %, Hull Vane RE T OREE 7 + 4 V) 4 v 2 —% 72—t S RO SR %,

4 FOMoEEEINE M
4.1 J87]

411 754 F x4 (Kite Sails)
PR O E IR I N A b, BN O ERE X, EEOBBER O T T 0 b 0oL
AT



4127V vy bF— /< XA 1 —%— (Flettner/Magnus Rotors)

Mo THRICKE I N, FFico vy F 7L — F 2 oRMBFES A KB EERY ) v X —,
VA —ZEEEXE B LIk W HEN BRAE X
. [k EFETH B,

Bk IR 313

4.1.3 fERTUIN (Conventional Sails)

A b —x— LAk

4.1.4 e L&
KR (70— Zfih,
k42 2 sk,

5. KpE&EED A

fi&#5  (Cold Ironing (Shore Power))
a v 7)) 1m0 ok LE S ot ic
K H B D AKX IC

BB

i, o0 5 HHEOPIIBI O N ERZ A X4, T o< TERE 2T 5,

PR DGR 2 G PN FE A O L 2 {5

THTTE

]

a AV b

1. &

1.1 737

B v vy —v a vk
(Tip Vortex Cavitation
Method)

B OV EER T — 2 ko R BURE . B
WF*Frer—rvavid, F¥yer—vavo
FCORKDEERTH 2 L —MNEZLLNT
w3, = (HA) FreT7—vavpl
nicHi < o

HRRERIN ST IR T I

LURBRI A T) ¥ F A —
2 — DR 72 KGR DS 24
HWChd, NTA—X
— ks AR T 7
VA — VAR AT T
EEHTLLERD S,

BTk
(Lifting Surface method)

— N/ JEX OMRDOET LD I0IC
IR ORFRIARARMNC M LBl e L <
TuRT 7L — FOTEIT), TOTERE
T 2720ICiF, 7e_XT7DVF A ) =Lk
WA OFF T T, N fmEtEIE 7L —
FOYARAN Y =25 H 2 EKT 5720
Eiit s, 2Zhbi—FFrxET—vavo
FEBAZREL, Y= b Fr T —3 3 VLD
RO EEITY), COMRET IV v ON
X (Brown’s formula) ZEDZ % FIWCIAaT
IERE L~ L IC T 5,

B D X 5 7 IEIEAE
TEAEFE R, BERE
B0 X5 mAETR O
Rzt 2 56 2 & H
KT, BEOEWF %
vr—vavyDETY
v IHBWEETH 5,

B3 )
PERDEEBE N7 < bt hofEe k5, K




TR F
(Computational Fluid

Dynamics)

CFD % #IH L CT%Hk7e 75 C O F i ¥ v
v'7—> a2 v (Tip Vortex cavitation) O ¥
HATEETH 2, 7uTOFNDFHEIC
\Z. FLUENT @&y 7 v =7 2 e
TL A /v X Is L€ 7 v (Reynolds
stress turbulence model) ZJGH T %, B
J& & #% %h B (boundary transition layer
effects) OfFBAICILEREEEELITE T v % H
Wb, LA AR FEL-A =2 T
20 (RANS) %#FIHICIX, BRI LT —%
DR ZEMT 2720 1cfho HikE AT
2, fleLCld, 72y F P74 3IalL
— ¥ 3 v (Detached Eddy Simulation :
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(Full Frequency Range

Vibro-Acoustic Prediction)
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QUIETING SHIPS TO PROTECT THE MARINE

ENVIRONMENT
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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

190 T T T T T T T T T T

-
o«
o

170

130

0.5 Hz Bandwidth Levels (dB re. 1 micropascal at 1 m)

RN | AT RO | B |

T L TR
B = BLADE RATE HARMONICS |
F = FIRING RATE HARMONICS
G = GENERATOR HARMONICS

I L L
0 a0 (] 80 100

Frequency (Hz)

L
120 140 160 180 200

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
OvERsEAS HARRIETTE, keel aspect in dB re: 1 pPa at 1 m. These data

140 rpm keel aspect power spectrum, 65536 samples

190

185+

180+

175}

170

dBre. 1uPaatlm
&

T

B4

BS

n

BT

1]
B8 F6

20 30

40

50 60

Frequency [Hz]

70 80 90

represent the mean levels of several 8-s samples. They have standard devia-
tions of 2 to 5 dB due to source variability (BR=Dblade rate, FR =engine

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

January 2000 .

=
=

firing rate).

Shaft rpm 68 86 105 122 140

Speed. knots 8 10 12 14 16

Source/Harmonic

BR =130 159 170 159 174
FR 175 170 174 174

2XBR <130 161 165 167 175

3% BR=2XFR 160 <178 179

4 %BR 173 185
3IXFR 153 156 161 176

3%BR 177 175

6xBR=4xFR 168 177 175

TXBR e 179 172
5XFR 177 163

8 XBR 177 172

9 X BR=6XFR 171 173

10 BR 171 170

340-360 band 156 156 159 162 163

Noi
Underwater Noise from Machinery Contr
Engineering

QUANTIFYING MACHINERY INFLUENCE

1 ,036 TEU Containe

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

220

200 Y.

180

160

140

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

10°
Frequency [Hz]

rship 22 knot transit (Red and Black Curves)

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




MEASURING AND ASSESSING VESSEL NOISE

Many measurements have been performed and
reported

» Vessels ranging from pleasure craft to tankers
Methodologies vary
* Direct measurement

g 3

g

» Vessel of opportunity

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

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

8

:

Source Power Spectrum Density [dB re 1uPa%/Hz @ 1m]
B

-
-
-]

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

o
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.

Underwater Noise from Machinery
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FUNDAMENTALS OF MACHINERY NOISE

Paths to consider: )
¢ Airborne
e First Structureborne

Airborne Radiated Noise

» Secondary Structureborne

Dominant path (and radiated noise) will
depend on

* Vessel design

* Source levels

¢ Treatments

Many machinery items, many possible
contributors to noise

First Structureborne Path

lllustration of Machinery Noise Paths
Noise Control Engineering LLC

0 . Noi
z Underwater Noise from Machinery Confr
- Engineering

DESIGNING QUIET VESSELS

Comparison of Foot Vibration for Similar Gearboxes Use inherently quiet equipment

« 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

Treatments
' ' * |solation mounts

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

dB re | uli

Accelerntior




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

» |dentify mitigation strategies
These are tools

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

z Underwater Noise from Machinery Confr
- Engineering

STATISTICAL ENERGY ANALYSIS

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

Energy Input

_Energy Coupling BTSSP

Energy is 3

* Aninput to a subsystem (machinery) /

» Shared between subsystems (through ‘fr
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




BETWEEN AND MOISE - ADE-G

NOISE PREDICTIONS )

Accurate predictions are possible with
proper design information ; A
« Structural details

+ Source levels . o \ //'\v/
Qutfitting 2 \

*  Treatments i

N
v

L]

s Compartment Noise, Fishing Vessel __| o ' ) cameash

0 ,‘\‘ F18 Launch Cat.3 Flight Deck Chaplain Office Area
g // [ e 130
R e
] 120 . -
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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
d 3

bl
I‘\ 1 3 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 Confr
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)
« 10

Bubble Decoupling Concepts

| =] : ] Noi
z Underwater Noise from Machinery Confr
- 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

» Engine provides local stiffness to
foundation

¢ Need to take thrust elsewhere




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
Is vibration isolation possible?

U]

* Option 1: ran
* |solation mounts at base, support mounts =7
near top
*  Will require stiff structure at mount
locations

| =] : ] Noi
i Underwater Noise from Machinery Confr
- 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

» Engine provides local stiffness to
foundation

* Need to take thrust elsewhere
Is vibration isolation possible?

* Option 2: prmn) remn
—  Non-trivial

» Design a large structure to widen base ‘

e [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
z Underwater Noise from Machinery Confr
- Engineering

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??

i . Noi
z Underwater Noise from Machinery Confr
- 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




THANK YOU

Jesse Spence
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FEER D 7o~ 7BEIHHEM (DW-ShipConsult #1)
Broad Band Noise Generation of Propellers

Dietrich Wittekind, Max Schuste
DW-ShipConsult

Content

 Environmental effect

+ Low frequency broad band noise and other noise contributors

» Description of the phenomena

« How can it be predicted and its level reduced?

DwW* 2/1
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Background noise in the sea

SPECTRUM LEVEL (dis re 1 iPa)
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FREQUENCY (H2)

> Shipping noise prevails < 2-300 Hz with a maximum at 50 Hz

SHIPCONSULT
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Noise sources onboard

4-stroke diesel

2-stroke diesel

propeller

P> Only 3 distinct noise sources

surcossut QUIETING SHIPS TO PROTECT THE MARINE ENVIRONMENT
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Characteristics of noise contributions

Blade rate Cavitation,
unknown
mechanism

>

Cavitation, shifting
in frequency with
strength

Sho
Pe
6 dB/OCI‘a
Ve

Diesel
spectrum

Underwater Sound [dB], 1 Hz, 1m

J
T >
~ 2-300 Hz Log Frequency

> Qualitative contributions are known

QUIETING SHIPS TO PROTECT THE MARINE ENVIRONMENT 5/16

SHIFCONSULT

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

1 [}
6=730° 6= 40° 6=50°

P> Good modeling possible

surcossuit QUIETING SHIPS TO PROTECT THE MARINE ENVIRONMENT 6/16




Reduction of Pressure Fluctuations by Vortex Generator Fins

8 -
M 1. Design
- m2. Design |
- 3. Design
B M 3. Design with Fins ]

Pressure Amplitude in kPa

1st  2nd  3rd
Harmonic

QUIETING SHIPS TO PROTECT THE MARINE ENVIRONMENT 7/16

SHIPCONSULT

Individual contributions

185
180
175
170

Af=0.1Hz
O @ @
nh o u

150
145

Source level dB re 1 pPam

135
100
Freguency [Hz]

75 rpm J—44 rpm

Blade rate

DG Broadband
Propeller

P> Low speed: engine noise dominates Propeller + ME + DG
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Increase of level with speed

190 |
180 -
170 |
160 -
150

140

Leq [dB] re 1 pPa

130 |
120 |
110 |

100

90 - L N B B [ —— — — -
1 10 100 1000

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

Strong speed dependence but constant characteristics

QUIETING SHIPS TO PROTECT THE MARINE ENVIRONMENT 9/16

SHIPCONSULT

Measurement on the ship vs. measurement at a distance, 75 rpm

190 -
185
180
175
170
165
; 160
155 -
150

145

50-Hz humb

il |

Source level [dB] re 1 pPam
Af=0.1Hz

140 — ™
135 {
10 100
2. Blade rate  grequency[Hz]
=—at 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

Lp [dB reluPa, 1 m|

190

st ot =t — ot

— cn =] =] oo

o= = = = =
e

i i f T

.....................

full-scale measurement i gy
o cav. tunnel (hyl) ' gl <
panMARE TG A & e s
+ panMARE 1 H z-band ] :

10 50 100 300

Frequency |Hz|

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

190

185

~3

Source Level One-Third Octave [dB] re 1uPam

180 -A
A\ /Y
AR

/

ICompariscm of full-scale and scaled model measurements

%

— FS measurement 2 - 90.5rpm

® 30% oxygen content - hydrophone 1 - OP 6

® 30% oxygen content - hydrophone 1 - OP 7

S oA : /3/"\
i( \*‘7‘?‘: .\/./\\ — FS measurement 1 - 87.7rpm
N\

170 J 2 -
S
—
165 \ / \ : \‘_‘/--,-___v_/\
Vv A N DN NN
160 s E \r,»\\;', '\\__
[] .' - \.. \
155 = —
\\"'\.--—
150
10 100 1000 10000
frequency [Hz]
P> Moderate match of LF broad
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Additional observations

* Models allow a bandwidth of 10 dB at service speed and low frequencies but 20 dB are
observed - there are particularly quiet and noisy ships

« Blade tip unloading as a common means to reduce cavitation - efficiency loss

*  Propeller retrofit for slow steaming: ship at 18 kis 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
is very important to safely identify differences

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

QUIETING SHIPS TO PROTECT THE MARINE ENVIRONMENT 13/16

SHIPCONSULT

Wake Equalization Devices: efficiency 1 + noise |?

Vortex-Generator-Fins Mewis-Duct Schneekluth-Nozzle

)¢

—< o lzo21
L=1.2m Pre-Swirl Stator

~05L

P can they reduce noise together with wake field
improvement?

N " QUIETING SHIPS TO PROTECT THE MARINE ENVIRONMENT 14/16




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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