
SCS-902A Test Suite

Sound and Vibration

Consulting activities & application fields:

Vehicle, Automotive, Aeronautics, Railway, Ships, Construction, machines, Building construction, household appliances
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Airborne 

propagation

Structurborne 

propagation

External excitation 

(airborne or structureborn)

Energy loss � heat

Energy � sound

Sound and Vibration

Consulting activities & application fields:
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PRODUCT DATA SCS 902A Suite

Poro-Elastic and Poro-Acoustic 

Parameters:

Density

Young’s Modulus
Poisson’s ratio

Viscous Length

Thermal Length

Damping Loss factor

Insertion Loss
Transmission Loss

Modal Density

Bulk Modulus

Acoustic Absorption 

Impedance

Porosity
Flow Resistance

Tortuosity

Complex Modulus

3-d Bulk Modulus 

Statistical alpha

Random incidence TL
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Poro-acoustic and poro-elastic data
Testing ���� Simulation ���� Prediction

Foam

Fibers

Recycled
Damping

Anelastic Mass

Elastic Mass
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Single elastic:

Steel

Single
+
Damping

Single
+
Porous

Single

+

Damping

+

Porous

Multilayered:

Double wall

Damping

PU Foam Insulation

Rubber & PU Foam 

EPDM

Plywood

Woodstock

TL -
damping

Septum 

Oberst - SAE

Screen

PU – EPDM

TL - Kundt

Absorption

Textile 

Kundt 
absorption

Sound and Vibration

Consulting activities & application fields:
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PRODUCT DATA SCS 902A Suite

Physical parameters

Density

Young’s Modulus εεεε
Poisson’s ratio n

Damping Loss factor 

Insertion Loss

Transmission Loss

Acoustic Absorption

Impedance
(*) Open Porosity f
(*) Flow Resistivity r
(*) Tortuosity a
(*) Complex Bulk Modulus K
(*) Complex Mass density r
(*) Viscous characteristic length L
(*) Thermal characteristic length L’

Bulk Loss Factor
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VibroAcoustic Materials

Damping Loss Factor

Bulk Modulus & Loss Factor

Porosity & Flow Resis tivity

Absorption & 

Transfer Impedance, TL, Bulk, etc . 

Tortuosity

ABS-CAB for alpha coeffic ient (reverberant)

Consulting activities & application fields:

Vehicle, Automotive, Aeronautics, Railway, Ships, Construction, machines, Building construction, household appliances

Measured Parameters:

•Acoustic Absorption α
•Reflection coefficient

•Admittance

•Surface Impedance Zs

•Transmission Loss TL

•Complex Impedance Zc

•Propagation constant Γ
•(*) Complex Bulk Modulus K

•(*) Complex Mass density r

Schematic representation of the standing waves tube in the 3 and 4 

microphone configuraiton to measure compelx impedance and the 

related complex parameters: r, K, L.

The standing waves tube is also used for the determination of absorption 

coefficeint, Surface impedance, admittance, Transmisiosn loss.
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(*) The bulk modulus Kmeasures the material’s resistance to 

uniform compression. It is defined as the ratio of 

the infinitesimal pressure increase dP to the 

resulting relative decrease of the volume dV (unit is Pascal), or 

using r as density and derivative of pressure to density dP/dr:

The work of Song & Bolton describes the method for 

estimating r (dynamic mass density) and K (dynamic bulk 

modulus) which are given as:
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SCS9020: Impedance Tubes

Consulting activities & application fields:

Vehicle, Automotive, Aeronautics, Railway, Ships, Construction, machines, Building construction, household appliances

Measured Parameters:

•Flow Resistance

•Flow Resistivity

•Tortuosity

•Porosity

Standards conformity:

ISO 29053
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Porosity: the density fraction of the porous
material that is comprised of fluid. Defined as:

where ρ is the mass density.

porous

solidh
ρ
ρ−=1

Flow Resistivity: a measure of the resistance to fluid
flowing through the porous material. Defined as:

where ∆p is the static pressure differential across a layer of 
thickness ∆x, and ν is the velocity of airflow through the 
material.
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Schematic representation of the porosity device.
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SCS9023, 25, 28: Flow Resistivity, Tortuosity, Porosity

Consulting activities & application fields:

Vehicle, Automotive, Aeronautics, Railway, Ships, Construction, machines, Building construction, household appliances

Open Porosity

Porosity is the the ratio of the fluid volume occupied by
the continuous fluid phase to the total volume of porous
material, typically in the range between 0.7 and 0.99 for
an acosutical material (porous medium) in whihc we can 
consider the fluid phase (pores) and solid phase (skeleton)

SCS9023, 25, 28: Flow Resistivity, Tortuosity, Porosity

Open porosity measurement

Few methods are available to mesaure the porosity and 
among them there are two approach widely used. The 
rather simple one is the gravimetric measurement in 
which it is necessary to weight a dry material of a known 
volume with a preliminary cleaning by a centrifuge 
process.

The bulk density ρB is the weigth/volume of the sample 
(dry), while the density ρA is assumed by knowing the 
fiber density. Porosity is than estimates as:

Alternatively, it is possible to saturate the sample with a 
liquid (water..) and estimate porosity from the ratio of  
weights of saturated and unsaturated samples.

The dry method to measure porosity - developed by 
Champoux et al. - is based on a precise measurements of 
pressure change versus volume change within a sample
container. The volume change is driven by a piston 
coupled with a precise micrometer, while the pressure
inside the chamber is monitored by a pressure transducer; 
a suggested air reservoir connected to the container 
through a valve will void the fluctuations of ambient 
pressure.

The main difference between the gravimetric and dry
methods is that the dry method takes in account the 
porosity of connected air-filled pores. 
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Static Flow-Resistivity measurement

Flow-resistance R is defined as the ratio of Pressure over 
air velocity:

[Pa.s.m-3 or Rayls]

Specific Flow-resistance or Flow-resistivity is a measure of 
the resistance per unit thickness ∆x:

[Pa.s.m-2]

Typical porous materials has a Flow-resistivity in the range 
of 103 - 106.

Measurement of Flow-resistivity is supported by ISO 29053 
with 2 methods: Pressure drop across the sample using an 
air-reservoir and 2 pressure transducers, or a piston 
pumping air in a cavity (frequency at 2Hz), closed by the 
porous material, in which the pressure value is measured 
using a microphone.

Static Flow-Resistance

The static air flow resistance, or (specific) flow-reisitivity, 
and Porosity are key parameters to study visco-inertial 
effects at low frequencies. 

Flow resistivity represent the difficulties for air to
penetrate in porous materials pores, and since sound is a 
mechanical vibration of air particles, than Flow resistivity
gives a measure on how is difficult for sound to propagates
inside porous materials as well.

Porous materials basic parameters definition.

Open-Porosity, Static Flow-Resistivity and Hi-Freq. Limit 
of dynamic Tortuosity are the 3 parameters describing the
visco-inertial and thermal behavior of acoustical porous 
materials, which are directly measurable.

uR p∆=
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Tortuosity

The tortuosity or the structural form factor of the material 
takes into account the actual form of the pores and the 
difference between the speed of sound in open-air and 
through a rigid porous material at very high frequencies. 

Tortuosity measurement

Tortuosity is well approximated by considering electrical 
conductivity of a porous solid saturated with electrical 
conducting fluid. Measurement of Tortuosity can be 
performed by comparing electrical resistivity of a liquid 
saturated porous sample to the resistivity of the
saturating fluid. Considering porosity (h) and form factor
Ff, the Tortuosity T∞ becomes:

Form factor Ff is defined as: 

G is the ratio current/voltage of the electrical signal 
applied across the sample in the liquid, L is the sample 
length, A is the sample area.
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Measured Parameters:

•Random Incidence Sound 

absorption coefficient

Audio 

Ampllifier

ABS-CAB ααααstat Random alpha: the random

incidence absorption coefficient is (statistic
alpha) measured on a scaled ISO 354 room (200
mc � 6 to 15 mc).

ABS-CAB is available in 3 size with lower 
frequency limits (315 Hz � 200 Hz – 1/3 octave
bands). The theory applied as follows:

Reverberationtime measurment using Impulse Response 
method and Schroeder theory for decay estimation

SCS9031: ABS-CAB ααααstat Absorption Coefficient

Schematic representation of the ABS-CAB device
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Consulting activities & application fields:
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Measured Parameters:

•Damping Loss Factor

•Young Modulus (SCS9021)

Audio 

Ampllifier

Resonance peaks of the beam plate are analysed with FFT 

analysis and damping coefficient can be derived from the 

Frequency Response Function FRF with 3 methods:

•Half power frequency band at –3dB points

•Circle fitting of resonance peaks (see figure at side)

•Exponential decay of synthesized SDOF

Alternatively, it is also implemented a most advanced 

method based on Rational Fractional Polynomial Synthesys.

SCS9021, 22: Damping Loss Factor

SAE device SCS9022

Instrumented hammer Accelerometers

Electrodynamic 

non-contact exciter
Response transducer: Proximitor, 

Laser, Accelerometer

Oberst device SCS9021

Extremely good 

correspondance 
between exper iment

and mathematical 
fitting alghoritm

Cursors and Annotation

You can take advantage of.

Signal Calculation

This tool helps you to calculate signal using mathematical 

calculation like signal.

Graphical Program Interface

AVANT MEASUREMENT INSTRUMENTS

Auxiliary application

EU & Mediterranean area
Vibro-Acoustic srl - via Antoniana 278 - 35011 Campodarsego PD – IT

Tel. +39 049 9201 595 / Fax +39 049 5566 928 www.vibro-acoustic.eu

N&V Laboratory – via Gandhi 13 - 10051 Avigliana TO – IT

Tel. +39 011 9348 705 / Fax +39 011 9348 703 www.scs-controlsys.com

info@vibro-acoustic.eu

ASIA-PACIFIC area
LUCA Consulting Co.,Ltd - UNIT 1A 2/F - FU TAO BLDG

98 ARGYLE MONGKOK-KL- Hong Kong - Tel and Fax: +86 020 61396510

max@luca-consul.com


