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AIRCRAFT CABIN ACOUSTICS RESEARCH FACILITIES AT HAW HAMBURG

Acoustic laboratory (TRL* 1-4) Climate & Acoustics Chamber (TRL 3-4) FlightLab-Demonstrator (TRL 4-6)

(in cabin & cabin systems laboratory) (w/ Airbus in ZAL — Center of Applied
Aeronautical Research)

*“TRL — Technology Readiness Level” (NASA Definition)
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Supported by:

RECENT HAW RESEARCH PROJECTS

Federal Ministry

' % for Economic Affairs
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Acoustic Treatments Section 18
with Membrane Meta-
Materials

Interconnection

Fuselage Structure

Fuselage skin
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Fuselage noise shield with integrated metamaterials Dynamically decoupled section interconnection

« Design, build, and operate a vibro-acoustic
fuselage test bench (with Airbus)
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SPL

Supported by:

RECENT HAW RESEARCH PROJECTS . it
. Flight-LAB °|

and Energy

on the basis of a decision
by the German Bundestag

Project Flight-LAB: 2016-2019

Project partners:

/ AIRBUS ‘#;ZR \

Activities: iAW

* Concepts studies for new noise reduction means — HAMBURG OVICOS

* Design of improved light weight sound insulation for low frequency TUHH (é\—) -_
broadband and tonal sound excitation. | /

Approach for new noise reduction means:

)

-
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Sound pressure level of Sound transmission loss Resonators: embedded in to the insulation Resonators: connected to cabin lining
future aircraft engines of aircraft cabin wall
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SPONSORED BY THE

RECENT HAW RESEARCH PROJECTS m New Acoustic Insulation Fdet i
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Meta-Material Technology of Education
and Research
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Project NAIMMTA: 2017-2020

Project partners:

/ SM AIRBUS\

= HAW
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Activities:

* Integration of thermo-acoustic insulation
packages with integrated acoustic
metamaterials for improved low-

frequency sound insulation in the aircraft Canads
side wall Mecanum 'NIC-CAAC|

« Technology development with industrial ' \E%ﬁ’g‘ﬂﬁﬁﬁOOKE é—D 7A /
partners to at least TRL 5

.
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Source: hutchinson-aero-cabin.com

Meta
AT © ettt material
s ; Fuselage
Integration of metamaterial blankets in aircraft side wall Thermal properties of metamaterial blankets
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RECENT HAW RESEARCH PROJECTS

Project KOKAGEL.: 2018-2020

Activities:
» Concepts studies for a new cabin wall insulation
with aerogel materials for commercial aircraft
Requirements:
* Reduction of (especially low frequency) engine noise transmission
* Increasing of atmospheric humidity in the cabin, without having the
risk of condensation or icing in the cabin wall
» Low weight, high fire retardancy, hydrophobic, recyclability, easy to
install ...
Concepts:
« Use of Aerogel materials (99,9 % porosity, light, non-inflammable)
* Removal of humidity via an air channel in the wall
« Combination of fiberglass & Aerogel —
+ etc

 we

Konzeptstudien fiir eine neue Kabinenwandisolation mit Komponenten aus Aerogelmaterialien fiir Verkehrsflugzeuge
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RESEARCH EXAMPLE: NOISE SHIELD WITH ACOUSTIC METAMATERIALS

HAW
HAMBURG

Joint Research Activities of HAW Hamburg and Airbus in Aircraft Cabin Acoustics
Felix Langfeldt - Hamburg Aerospace Lecture Series ¢ April 4th, 2019



BRIEF INTRODUCTION TO ACOUSTIC METAMATERIALS

REPORTS
Locally Resonant Sonic ) N . )
% : Possible definition of an acoustic metamaterial:
Materials : _
i vy oo et b S R N . Composite structure composed of periodically arranged unit cells for the
§ 3 ; " 16} ;8 v o | . " . . 1
Sctrs (o secl s i 3 e conan o rdrs E i —~. 7  Systematic manipulation of the effective material parameters for sound waves
magnitude sma _ert an the relevant wavelength. Disordere lcump_usntes made § o5 | < :. ]
for et koud oo st b i St Bl e T
sonic frequency ranges. A 2-centimeter slab of this composite material is shown 00 bt oot it oo ] - w
kel i el M <t S
8 SEPTEMBER 2000 VOL 289 SCIENCE www.sciencemag.org 1 Metamaterla/l
Acoustic material parameters: p>0;K>0: ; conventional
. Air Water (positive parameters) materials
Density p 12 1000 kg/m®

Inertia of fluid

B _- L ..-.,' o Pt ’?:. 3 -,,;‘.»'j."" e ..-
p<0;K>0: Lipiagrs R0 NS of ST 1
Bulk modulus K 142 2.2x106 kPa (negati\;e density) e y ;..l-"-,:v,t';,-};" d
Stiffness of fluid i single negative

metamaterials

p>0;K<O0:
(negative modulus)

342 1480 m/s

double negative
metamaterials

p<0;K<O0:

410 1.5x10° Pas/m (double negative)
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MEMBRANE-TYPE ACOUSTIC METAMATERIALS (MAM)

membrane

Z. Yang et al., Phys Rev. Lett. 101, 204301, 2008

« Negative-density acoustic metamaterial frame \

+ Lightweight (< 1 kg/m?) and thin (< 2 mm) r\&\
ptrans

« Still high low-frequency sound reduction (<1 kHz)

TRL 1: basic
principles observed

2 50 — MAM

c ---- Mass law

= 40 ; e Anti-resonance:

8 30 o |mT =260g/m” * Membrane and mass
p= : out-of-phase

-% 20 | : : B s « Surface averaged

'é 10 T > < SN S N A e displacement approx. 0
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Frequency (in Hz)

Can MAMs be used in aircraft to reduce low-frequency engine noise in the cabin?
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NOISE SHIELD WITH INTEGRATED MAMS

75 Gefordert durch:
o=y
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des Deutschen Bundestages

TRL 2: technology

Multi-layered structure on aircraft: concept formulated — Engine noise
e
1) Fuselage ensures structural integrity AN N b Protective sheet
2) Acoustic treatments efficiently reduce low-frequency
tonal noise E o E Acoustic treatments
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NOISE SHIELD WITH INTEGRATED MAMS

TRL 3: analytical and experimental proof-of-concept
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Analytical, numerical and experimental
investigation of unit cells

Joint Research Activities of HAW Hamburg and Airbus in Aircraft Cabin Acoustics
Felix Langfeldt « Hamburg Aerospace Lecture Series * April 4th, 2019

ATL in dB

TRL 4: validation in laboratory environment

Analytical model
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Panel size: 1.2 m?

Numerical and experimental investigation
of large-scale panels 1
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NOISE SHIELD WITH INTEGRATED MAMS

Preliminary experimental study:
* ~8 m? panel with 225 MAM unit cells
« Excitation with loudspeaker array
» Average cabin SPL measured @ 645 pos.
» First results: MAM anti-resonance identified
@ 100 Hz, but only +3 dB improvement due to
flanking sound paths around the noise shield!

I | I
). ..~MAM anti-resonances

' Panel resonance "

| Shield w/o MAMs — [T]
Shield w/ MAMs —— [7]
1 |

Noise reduction difference (dB)
=

50 100 fin Hz 200 250

Further experiments with minimized flanking b
sound paths are planned to reach TRL 5
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SUMMARY

Aircraft cabin acoustics research at HAW

« Multi-disciplinary acoustic test facilities

* Sound insulation technologies in aircraft are
subject to many non-acoustic requirements

« Technology research from TRL 1 to TRL 6

» Several research projects in close
cooperation with Airbus

Acoustic metamaterials for aircraft cabin

sound insulation

 Membrane-type acoustic metamaterials
promising for aircraft applications

« Characterization in small-scale and large-
scale test setups

« TRL 5 validation of noise shield concept
planned on optimized Flight-LAB test setup
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THANK YOU FOR YOUR ATTENTION!

The financial support of the following sponsors is greatly appreciated:
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