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DAMPINGCAPABILITIESOF BIO-BASEDCOMPOSITES

Elasticmodulus(stiffness) vs. Lossfactor (dampingcapability)

Liu,T., Butaud, P., Placet,V., & Ouisse,M. (2021). Dampingbehaviorof plant
fiber composites: a review. CompositeStructures,275, 114392.

Bibliographyanalysis: bio-basedcomposites exhibit
high dampingcapabilities Questions addressedduring SSUCHY project:

=> Promisingproperties for a wide variety of 
applications where vibration/acousticlevelsshould
remain low (transportation, industry, leisure, …)

Whatare the physicalexplanationsof theseproperties?
Whatare the environementalparametersthat mayaffect theseproperties?
How canwe design bio-basedcomposite structures with tailoreddamping
properties?
Can we takeadvantageand use thesepropertiesfor industrial applications?

Materialsconsideredduring SSUCHY project:

Variousskins: flax, hempfibers, UD or woven,  with epoxyor polyamide resins
Variouscores: paperhoneycomb, balsa, cork, recycledPET foam
both from the market or developedin the project

Flax/Epoxy skins with Paper 
HoneycombCore

Flax/Epoxy skins with Balsa Core

Flax/Epoxy skins with Lightened
Balsa HoneycombCore

Flax/Epoxy skins with rPET
FoamCore

Hemp/Polyamide skins with
Paper HoneycombCore



DAMPINGCAPABILITIESOF BIO-BASEDCOMPOSITES CHARACTERIZATION OF DAMPINGPROPERTIES

Micro analysisof composite skins usingnano-indentation

Novelmethod for the measurementof dampingat microscale
Measurementof the elasticand dampingpropertiesat microscale
Mappingof propertiesin the fibers, in the matrix and in the 
interface

Micro and macro analysisof recycledPET foams

Commercialrecycledfoam to be usedas composite core
Mechanicalandacousticproperties
Analysisof a set of grades

Modal analysisof composite panels
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Modal analysisof composite beamsand plates
Minimizationof boundaryconditions effect
Skins and sandwich composites
Dampingidentified from scanning laser vibrometry measurements



DAMPINGCAPABILITIESOF BIO-BASEDCOMPOSITES ENVIRONMENTAL PARAMETERS

Temperaturehas asignificantimpact on elasticand dampingproperties
Maximum dampingcapabilitiesobtainedat glass transition 
temperature(at the costof a reductionof mechanicalstiffness)
Constant dampingpropertiesat ambiant temperature
Lowfrequencydepedencyexceptclose to glass transition

Increaseof dampingcapabilities(1.2-1.5x) with humidity, mainly
due to the fiber sensitivity
SEM analysisafter drying
Higherdissipation levelsdue to damage in the composite material

MoistureTemperatureand frequency: DynamicalMechanical
Analysisof composite skins 
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DAMPINGCAPABILITIESOF BIO-BASEDCOMPOSITES ENGINEERING COMPOSITE STRUCTURES

FiniteElementmodellingof RepresentativeElementaryVolume
Mechanicalpropertiesof individual components obtainedby microscale
testings
Ability to considerstochasticnature of natural fibers
Stillsomework requiredto obtainconfident dampinglevelsat macro scale

Natural fibre 
( Hemp, flax, ..) 

Polymer
(Greenpoxy)

Representativeelementaryvolume
(REV) of biocompositematerial

Interphase

Computationalmultiscaleanalysisfor the estimation 
of dampingpropertiesof composite structures

Computation of frequency-dependentpropertiesof 
multilayeredpanels

Computation of structural modes of multilayeredpanels
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Dispersion analysis: wave-basedanalysis
for homogeneizationof multilayer panels
Equivalent elasticand damping
propertiesof sandwich panels

Use of equivalentpropertiesfor fast design of panels for industrial
applications
Excellent correlationwith measurementson SSUCHY sandwich panel

Seeapplications in the next talk!
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