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Noise and Vibration onboard

Å Main sources of noise and vibration on board of a vessel:

ÅMain engine

ÅPropeller

ÅExhaust system

ÅAuxiliary engines, pumps and other equipment

ÅHydraulic system

ÅVentilation and air conditioning system

Č Cause discomfort and damageto crews, passengers, equipment and structure.

https://dosits.org/decision-makers/tutorials/sound-source/commercial-vessel/
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Å COMF-NOISE and COMF-VIB

ÅVesselsize

ÅAreas: Passengeror crew

ÅYachts

Regulationsand standards

Vessel < 1600 GT 1 600 GT < Vessel < 10000 GT Vessel > 10000 GT



What is an AcousticBlack Hole 
(ABH) ?
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Evolution of ABH (Publications, applications, é)

ÅABH effect was first discovered by Pekerisin 1946
ÅIn 1988 Mironov determined the effect of ABH in flexural waves damping in a tapered plate
ÅNumberof publications and Patents increaseda lot since2010
ÅNumberof applications is increasingas well in manydifferent fields

Publications evolution
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What is an ABH?

Wedges of power-law profile act as one-
dimensional ABH (1D-ABH) and increases  
flexural vibration waves damping. 

1D-ABH 2D-ABH

power-law profile wedge

tapered power-law profile

Tapered circular indentations of power-
law profile act as two-dimensional 
acoustic black holes (2D-ABH) 
increasing vibration waves damping.
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How ABH damps flexural vibrations

Once a flexural wavegetsinto a tapered(power-law profile), the flexural wavepropagation 
speed tends to zeroand there is no way back, therefore dampingout vibration!

Theory Real life

Not realisticzero
thickness

Dampshigh 
amplitude disp.

Wavespeed trends to ZERO
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TypicalStructural loss factors vs specific stiffness and ABH
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Structural loss factor vs Specificstiffness

Impact of ABH on loss factor (passive damping)

Specificstiffness or Specific 

modulus is a materials 

propertyconsisting of 

the elastic modulus(E) per 

massdensityof a material (Ǯ)



ABH Examplesand Vibration 
damping in panels
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Typical2D ABH designs (1/3)
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TypicalABH machinigðdesigns (2/3)
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Power-law Plate thickness Termination thicknessDiameter

2.2 6.6 mm 0.86 mm 100mm

ABH Dimensions
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60-ABH array in a Aluminium plate ðresults (3/3)
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ABH SelectedApplications
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ABH Design of Experimentson Composite Panels (1/3)

ÅDifferent type of configurations of ABH testedon single and double walled composite pannels

ÅVibration reductionis verygood at frequencieshigherthan 500Hz, reachingas muchas -10dB

ÅSource Internoise2015

-7.5dB @ 1.2 kHz, smoothed > 2.7kHz
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ABH application on Composite Pannels(2/3)

ÅSomeaccelerancemeasurementresultsbetween2 pannels(with and without ABH)
ÅAfter 450 Hz the vibration levels decreases up to 10 dB from the reference plate
ÅSource Internoise2015
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TypicalVibration damping in a Composite Sandwich (3/3)
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ABH Application on Automotive Part

ÅEngine cover with arrayof ABH (Internoise2015) ςDaimler tests
ÅMeasuredAcousticgains at engine 2100rpm:
Å main reduction in the resonant peak amplitudes was in the range 70-1400Hz
Å -10 dB was obsevedat 369Hz and 442Hz
Å total average reduction from the referencesampleof 6.5dB



2005/02/2021Confidential. Reproduction / communication of all or part of this document is prohibited © IRT Jules Verne

ABH Simulation Example
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SugestedABH Application Methodology

Design study & assessmentfor NV comfort

Å The ABH isan interestingdesign tool that allow to adddampingto a panel-like structure, 
suchas cabine walls, especiallymade in composite (high specificstiffness)

Å The design approachshouldstart with a benchmark of currentapplications in pannels, and 
the ABH addedat non-bearingwallsor part of the structure that do not seeloading

Å Simulations would support the design process, by estimatingthe sizes and numberof ABH 
necessary, whichwill dependon the frequencyrange to be tackledand panneldesign

Å A simple plate-like prototype can be producedfor assessment& validation usingsimple 
accelerancemeasurementsfor fast trackto product

Å Once the solution validatedin the prototype, a real size part can be producedand NVH 
analysedfor dampingand noise radiation in a better equippedsetup
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CONCLUSIONS

Å ABH isa real trend for passive flexuralvibration damping, the scientificproduction has been 
growingexponentiallysince2010

Å The Numberof Patents has alsobeen growingtheselast years, with China headingit

Å !.IΩǎis reachinggood scientificmaturity (TRL leveliscurrentlyestimatedat 4) sinceaƛǊƻƴƻǾΩǎ
publications back in 1988

Å ABH can be usedin metaland composite structures by addingtaperedformswith power law
decaytowardsquasi-zerothickness

Å ABH isa structural functionalization, smart structure and inteligentengineering and can become
a new tool box for engineersseekingfor passivevibro-acoustic control

Å The Automotive (Daimler) has been trying the ABH in panel-like structures (engine cover)

Å No publication wasfoundon applyingABH for Naval structures to improveNV comfort
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