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Noise and Vibrationonboard

Main sources ohoise and vibrationon board of a vessel:
A Main engine

A Propeller

A Exhaust system

A Auxiliary engines, pumps and other equipment
A Hydraulic system

A Ventilation and air conditioning system
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C Causediscomfortanddamageto crews, passengers, equipment and structure.
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1 600 GT < Vessel < 1M00 GT Vessel > 1009&GT

COMMNOISE and COMHAB
A Vessekize

A Areas:Passengeor crew
A Yachts

Table 3 : Noise level requirements for ships greater than 10000 GT Table 4 : Overall frequency weighted r.m.s vibration levels
Locations LAeq T in dB () Vibration velocity (mmys) values from 1 Hz to 80 Hz
grade = 1 grade =2 grade = 3 Locations
Wheelhouse e 0 = grade =1 grade = 2 grade = 3
Radio room (1) 55 57 60 th“"‘"”“‘ 8 30 32
Cabins 50 52 55 Radio room
Ofices 55 57 Cahins 28 3,0 3.2
FPublic spaces, mess rooms 55 57 Offices 3.0 35 4.0
i 5 5.
Hospital . El c Public spaces, mess rooms 3,0 3.2 3,5
Engine control room or switchboard room (if continuously manned at sea) (2) 70 73 -
CEVIGE ST | Open recreation areas (3) (4) 70 73 Hospital 2.8 3.0 32
VERITAS |IEE] 72 72 :fr::zégrl:;l room or switchboard room (if continuously 40 45 5.0
Workshops other than those forming part of machinery spaces (2) a5 85 =
Staircases and passages in crew areas 70 73 Open recreation areas - - -
(1) Equipment switched on but not emitting, Galleys _
(Z)  Equipment switched on but not processing. Warkspaces 5.0 55 6,0
(3)  Measurement carried out with a windscreen microphone protection.
: P—— 5 5.5
@ _ Anolerance of 5 dB () may be accepted for measurements at less than 3 m from ventilation inlevoutlet. Staircases and passages in crew areas 5.0 2 6,0

Confidential Reproduction / communication of all or part ofthis documentis prohibited © IRT Jules Verne




What is an Acoustic Black Hole

(ABH) ?
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ABH effect was first discovered Bekerisin 1946

In 1988 Mironov determined the effect of ABH in flexural waves damping in a tapered plate
Numberof publications and Patentgcreaseda lot since2010
Numberof applicationsis increasingaswell in manydifferent fields
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Whatis an ABH?

Wedges of poweilaw profile act as one
dimensional ABH (1fABH) and increases
flexural vibration waves damping.

1D-ABH

powerlaw profile wedge
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Tapered circular indentations of power
law profile act as twedimensional
acoustic black holes (2IBBH)
increasing vibration waves damping.

2D-ABH

tapered poweraw profile
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How ABHdamps flexural vibrations

Real life

Theory
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Once dflexural wave getsinto atapered (power-law profile), the flexural wave propagation
speed tends tazeroandthere is no way back,therefore dampingout vibration!
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TypicalStructural loss factors vs specific stiffness and ABH

Structural loss factor vs Specific stiffness

Specificstiffness or Specific
modulusis a materials
property consisting of

the elastic modulus(E) per
mass density of a material (3)

specific modulus = E/p
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ABHExamplesand Vibration

damping in panels




Typical2D ABH designs (1/3)

PoweHaw
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TypicalABHmachinig o designs (2/3)

ABH Dimensions

Power-law

Plate thickness

Termination thicknesDiameter

2.2
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6.6 mm

0.86 mm

100mm
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60-ABHarray in a Aluminium plate o results (3/3)

Reference plate
Plate with 60 ABHs

Drivepoint mobility (dB ref 1m/s/N)

Frequency (kHz)
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ABH Selected Applications




ABH Design ofExperimentson Composite Panels (1/3)

Sample 1 I i | sample 6 I — “::I

-7.5dB @ 1.2 kHz, smoothed > 2.7kHz
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Different type of configurations of ABHested on single and doublevalled compositepannels
Vibrationreductionis very good atfrequencieshigherthan 500Hz reachingasmuchas-10dB
Sourcelnternoise2015
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ABH application on CompositdPannels(2/3)
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Someacceleranceneasurementresultsbetween 2 pannels(with and without ABH)
After 450 Hz the vibration levels decreases up to 10 dB from the reference plate
Sourcelnternoise2015
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TypicalVibration damping in a Composite Sandwich (3/3)
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ABH Application on Automotive Part

Engine covewith array of ABH [nternoise2015)¢ Daimler tests
MeasuredAcousticgains at engine 2100rpm:
main reduction in the resonant peak amplitudes was in the rang&4liiHz
-10 dB wa®bsevedat 369Hz and 442Hz
total average reduction from theeferencesampleof 6.5dB
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ABH Simulation Example
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SugestedABH ApplicationMethodology

Designstudy & assessmentfor NVcomfort

The ABHs aninterestingdesigntool that allowto adddampingto a panellike structure,
suchas cabinevalls especiallymade in composite (higspecificstiffnesg

The desigrmapproachshouldstart with a benchmark o€urrentapplications irpannels and
the ABHaddedat nonbearingwallsor part of the structureghat do notseeloading

Simulationsvould support the design process, bgtimatingthe sizes anciumberof ABH
necessarywhichwill dependon thefrequencyrange tobe tackledand panneldesign

A simple platdike prototype carbe producedfor assessmend& validationusingsimple
acceleranceneasurementdor fasttrackto product

Once the solutiorvalidatedin the prototype, a real size part cée producedand NVH
analysedor dampingand noise radiation in hetter equippedsetup
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CONCLUSIONS

ABHisa real trend for passiviéexuralvibrationdamping the scientificproduction has been
growingexponentiallysince2010

TheNumberof Patents haslsobeengrowingtheselastyears with Chinaheadingit

I . ligk@achinggoodscientificmaturity (TRUevelis currently estimatedat 4)sincea A NB Y 2 ¢
publications back in 1988

ABH carbe usedin metaland composite structures mddingtaperedformswith power law
decaytowardsquastzerothickness

ABHis a structuralfunctionalization smart structure andhteligentengineering and cabhecome
anew tool box for engineersseekingfor passivevibro-acoustic control

The Automotive (Daimler) has been trying the ABH in phkelstructures (engine cover)

No publicationwasfound on applyingABH for Naval structures tmprove NV comfort
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