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Overview

* Measuring Systems
— AcoustiFlow® — Airflow resistivity meter

— AcoustiAdrienne — Sound absorption meter
— AcoustiTube® — Impedance tube
— AcoustiTube® HighTemp — Test setup for mufflers

— AcoustiCam® — Acoustic camera

e Application Software
— AcoustiCalc® Absorber _ Sound absorber software
— AcoustiCalc® Silencer — Muyffler software
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Material values (independent of geometry)
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AcoustiTube® AcoustiTube® AcoustiTube®HighTemp
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Material values (independent of geometry)
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Simulation software
for sound absorbers
AcoustiCalc®Abserber

Simulation software
for silencers and mufflers
AcoustiCalc®Siencer

Measurement

Measurement
Measurement

Impedance tube Transmission tube Test setup for mufflers
AcoustiTube® AcoustiTube® AcoustiTube®HighTemp
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AcoustiAdrienne AcoustiTube® HighTemp AcoustiCam®

Impedance Tube AcoustiTube®— AED 1000

* determination of sound absorption coefficient, sound reflection factor and impedance
ratio of materials with open porosity acc. to DIN EN ISO 10534-2 and DIN EN ISO 13472-2
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Fields of Application

e quality control during manufacturing process
— cylindrical specimens in the laboratory
e optimization in research and development of sound absorbers

— of materials with open porosity
— of structures and components, e.g. dense road surfaces
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Physical Definition

. _ H12 HI 2jkoz,
sound reflection factor: L= H H e
R — 1112
. H,
transfer functions: 12
Hy, Hg = f(5)
sound absorption coefficient: a=1-— |f|:2

AcoustiCalc® silencer

Microphone 1

Microphone 2

absorbed sound power

incident sound power

1

Speaker
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AcoustiAdrienne AcoustiTube® HighTemp AcoustiCam®

Measuring Setup

Dongle

l UusB

Power supply
—1 PC
Cinch Ph lug 3,5
Amplifier |- e /;l el Sound card
% 1Cinch Phono plug 3,5
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AED — Measuring Instruments & Analysis Software July, 2018 9



E D Acoustic AcoustiFlow®  AcoustiTube®  AcoustiCalc® Absorber  AcoustiCalc® Silencer
A Engineering
Dresden

AcoustiAdrienne AcoustiTube® HighTemp AcoustiCam®

Components

<

speaker module

-

absorption module
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Specimen Holders

* depending on the application, there are different specimen holders available

type |, diameter 30 mm for laboratory testing

type Il, diameter 100 mm
type |, diameter 100 mm for laboratory testing for in situ testing of dense asphalts

AED — Measuring Instruments & Analysis Software July, 2018 11
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AcoustiAdrienne AcoustiTube® HighTemp AcoustiCam®

Specimen Holders

* depending on the application, there are different specimen holders available

..coo

"> coceo

type | + compression unit, capsular for compression unit for reproducible installation of
diameter 100 mm for laboratory testing specimen with defined compression, diameter 30 mm
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Hard-shell cases for compression units

hard-shell case for compression unit, hard-shell case for compression unit,
diameter 100 mm diameter 30 mm
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Reference Specimens

* metal sound absorbers with enduring constant properties

diameter 100 mm, 40 mm and 30 mm, diameter 100 mm and 30 mm,
plug element tube element
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System Diameter / Frequency Range

* typel
— suitable for investigation of cylindrical specimens acc. to
DIN EN ISO 10534-2

homogeneity
of material
(particle/ pore size)

— 40 mm (type 1, Standard): 100 Hz — 4400 Hz
— 100 mm (type 2): 50 Hz — 2000 Hz
— 30 mm (type 3): 150 Hz — 6600 Hz
— 15 mm (type 4): 150 Hz — 10200 Hz tube -, [requency
diameter range
* typell
— suitable for investigation of road surfaces in situ or plates
of closed porous asphalts acc. to DIN EN ISO 13472-2 accuracy of
— 100 mm (type 2): 50 Hz — 2000 Hz iz lgien i
specimen

AED — Measuring Instruments & Analysis Software July, 2018 15



E D Acoustic AcoustiFlow®  AcoustiTube®  AcoustiCalc® Absorber  AcoustiCalc® Silencer
A Engineering
Dresden

AcoustiAdrienne AcoustiTube® HighTemp AcoustiCam®

Analysis software AED 1001

* determination of sound absorption coefficient, sound reflection factor and impedance
ratio as a function of frequency

e averaging of results of various material samples
* simple management and comparability of results by application of database
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Analysis software AED 1001 — New Release: Version 2

* new version 2 comes with new front end and
back end features to make measurements faster and easier

* new front end features include:
— brand-new Graphical User Interface (GUI)

— more advanced handling of configuration settings
and channel corrections for different
impedance tubes and microphone positions

— very intuitive and ergonomic user experience
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AcoustiAdrienne AcoustiTube® HighTemp AcoustiCam®

Analysis software AED 1001 — New Release: Version 2

* new version 2 comes with new front end and
back end features to make measurements faster and easier

* new back end features include:

— flexible sound output by data acquisition
hardware or by sound card of PC

— considerably improved signal processing
algorithms for increased signal-to-noise ratio
in shorter measurement time
(speed-up of factor 10 for each measurement)

— additional increase of signal-to-noise ratio
due to software equalizer

— enhanced and reliable database structure

and functionality — !
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Impedance Tube AcoustiTube® — Extension to Transmission Tube
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o
=
(]
=
e
- 3
5 @
()
5 s
5
u Import — Import
[ - — —_—
2 —
Simulation Import Import
— k.7~
a’ =]
A -
- -
{ = . 3 =
QEJ Simulation software QEJ
o for sound absorbers o
2 AcoustiCalc®APserer 2
Y L)
= =

L

Simulation software
for silencers and mufflers
AcoustiCalc®Siencer

Impedance tube Transmission tube
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Material values (independent of geometry)

o Airflow resistivity
ka,Za  Wave number, Impedance

Application values (dependent on geometry)

fod Sound absorption coefficient
DTL Transmission loss
i Transfer matrix
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Impedance Tube AcoustiTube® — Extension to AED 1200

* determination of characteristic absorber values, transmission coefficient and sound
insulation of open porous materials by using the Two-Load Method or the
Two-Source Method
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AcoustiAdrienne

Fields of Application

e quality control during manufacturing process

— cylindrical specimens in the laboratory
e input parameters for acoustic modeling

— numerical software solutions such as Comsol Multiphysics*

— calculation of insertion loss of mufflers (see software AED 8001 — AcoustiCalc® Silencer)
e optimization in research and development of sound absorbers

— of materials with open porosity

— of structures and components, e.g. silencers and mufflers
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Physical Definition

» description of porous material by four-pole parameters (transfer matrix)

transfer matrix: (ﬁi) =T (TZZ) Qi jﬁ;

cos(ﬁada) jgasin(gada)

I~

T=\{J
—sin@ada) CoS (Eada)
Z,
wave number: k,
characteristic 7
—a Speaker A Measurement Object Speaker B

impedance:

— Sensor1 Mic1 Mic2 b, Mic 3 Mic 4 Sensor2 ——

L 1 il / Il In'| ]
1 - X o | ¢ J | Xam Xag | - I
d 2 dM dp_1 = d
|.|| II' / 1|| r|

>’
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Physical Definition

» description of porous material by four-pole parameters (transfer matrix)

transfer matrix: (ﬁi) =T (TZZ) Qi jﬁ;

I~

transmission 2 transmitted sound power
coefficient: P,

incident sound power

sound insulation: R=-10-1Ig(r) dB

Speaker A Measurement Object Speaker B

— Sensor1 Mic1 Mic2 b, Mic 3 Mic 4 Sensor2 ——

L 1 il / Il In'| ]
1 - X o | ¢ J | Xam Xag | - I
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AcoustiFlow®

AcoustiAdrienne

AcoustiTube®

AcoustiCalc® Absorber

AcoustiTube® HighTemp

AcoustiCalc® silencer

AcoustiCam®

e Two-Load Method

sound source

object under test

termination 1

0o >

'l

T

¥

O 10

e Two-Source Method

sound source 1

object under test

termination

30 >

'l

T

¥

1T 10
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termination 2
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B «— «—D A
termination object under test sound source 2
C+— «—A
T
D— —— B
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AcoustiFlow®  AcoustiTube®  AcoustiCalc® Absorber  AcoustiCalc® Silencer

AcoustiAdrienne AcoustiTube® HighTemp AcoustiCam®

Measuring Setup — Two-Load Method

Dongle
l USB
Power supply
—1 PC
Cinch Ph lug 3,5
Amplifier |-t ne /;/ e Sound card
*8 1Cinch
LiF]
s | +
8
= BNC/LEMO
s Data acquisition
0]
QO Q
prd prd
Microphones 1 [ QN2 <] kY K
Speakon
Speaker Tube Sample Termination
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Components

absorption module

speaker module

transmission module
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Components — Extension to AED 1200

AcoustiTube®
Application Components AED 1000 - Sound absorption AED 1200 - Sound insulation
range Analysis software: Analysis software:
« AED 1001 o AED 1401
Determination of: Determination of:
« sound absorption coefficient « transmission loss (sound insulation)
« complex sound reflection factor « complex wave number
« complex impedance ratio « complex impedance
according to DIN EN 1SO 10534-2 according to two-load method
Options:
« database
| F1
1000.01 i
i
1
1
i
| L4l
Inner diameter: I e | Gy
40 mm ! d J d
1000.02.01 ¢
Frequency range: H
100 - 4400 Hz T i | o o
1200.01.01 !
1
1
1
1
1
i
1
Inner diameter: " ——4 = 777 - J——
100 mm ! 1
& 1000.02.02 !
Frequency range: | | L : U vy :
50 - 1900 Hz ! A4 . ! - — ! — -
“Tpe N $ 309090 [T TTTTTTTTTTmmmommmomomeomomope C it el ———— — |-
1200.01.02

Further available
diameter:
30 mm 15 mm
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AcoustiAdrienne AcoustiTube® HighTemp AcoustiCam®

Specimen Holders

* depending on the application, there are different specimen holders available

diameter 40 mm for laboratory testing

special termination for application of
standard set for testing of cylindrical specimens transmission method with three microphones
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AcoustiAdrienne AcoustiTube® HighTemp AcoustiCam®

System Diameter / Frequency Range

* standard set

homogeneity

of material
(particle/ pore size)

— suitable for investigation of both cylindrical specimens and
silencers and mufflers

— 40 mm (type 1, Standard): 100 Hz — 4400 Hz
— 100 mm (type 2): 50 Hz — 2000 Hz
— 30 mm (type 3): 150 Hz — 6600 Hz
— 15 mm (type 4): 150 Hz — 10200 Hz tube -, [requency
diameter range
e special termination
— suitable for investigation of cylindrical specimens by
application of transmission method with three microphones accuracy of
— 40 mm (type 1, Standard): 100 Hz — 4400 Hz L:;S;:ilrlsgr?n i
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Hard-shell cases for tube components

100 mm (type 2), AED 1000 100 mm (type 2), Extension to AED 1000
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AcoustiAdrienne AcoustiTube® HighTemp AcoustiCam®

e determination of characteristic absorber values (wave number, characteristic
impedance), transmission coefficient and sound insulation as a function of frequency

* intuitive measurement process, comfortable storage and management of measured data
e easy link to AED Data Viewer

TR -— b T

File Messurement 7

p | Calibration | Channel Correction | Temperature JEEERTENTEN

Speaker A Measurement Object Speaker B
ansor 1 M1 Mic AE D
) ETEA x; X,
o

AcoustiTube®Hartere |

zzzzzzz

| Frequency in Hz
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AcoustiAdrienne AcoustiTube® HighTemp AcoustiCam®

Measurement Results — Absorption Muffler

e acoustic evaluation of absorption muffler at room temperature
— measurement with transmission tube AED 1200 — AcoustiTube®
— analytical calculation by means of muffler software AED 8001 — AcoustiCalc® Silencer
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AcoustiAdrienne AcoustiTube® HighTemp AcoustiCam®

Measurement Results — Absorption Muffler

e comparison of transmission loss of measurement and analytical calculation
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N
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AcoustiAdrienne AcoustiTube® HighTemp AcoustiCam®

Measurement Results — Absorption Muffler

e comparison of transmission loss of measurement and analytical calculation

60

A
o

N
o

N
o

transmission loss Dy, in dB
w
o

=
o

h

63 125 250 500 1000 2000 4000
1/3 octave band frequency f in Hz

HAcoustiTube ®AcoustiCalc ®AcoustiCalc, limited
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AcoustiAdrienne AcoustiTube® HighTemp AcoustiCam®

Measurement Results — Absorption + Resonance Mufflers

e acoustic evaluation of absorption muffler + two resonance mufflers at room temperature
— measurement with transmission tube AED 1200 — AcoustiTube®
— analytical calculation by means of muffler software AED 8001 — AcoustiCalc® Silencer
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AcoustiAdrienne AcoustiTube® HighTemp AcoustiCam®

Measurement Results — Absorption + Resonance Mufflers

e comparison of transmission loss of measurement and analytical calculation

90

80 A

~
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AcoustiAdrienne AcoustiTube® HighTemp AcoustiCam®

Measurement Results — Absorption + Resonance Mufflers

e comparison of transmission loss of measurement and analytical calculation
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