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We avinxeio ZUYKOULOTEG
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ZUYKOUIOTEG

ZUYKOMIOTEG Baciopévol
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(B) Avnxeio tetdprou prikoug Kipatog
(Quarter-Wavelength Resonator)

Aaué

(a) Avinyeio Helmholtz (Helmholtz Resonator) ‘
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(Acoustic Metamaterials)
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AmtoteAeital amo:
* Avinxeio Helmholtz

* [MedonAekTplko N
NAEKTPOUAYVNTIKO GTOoLXElO

lMeovektrjuara

¢ Evioxuon tng nxntikng ieong oe
Hia CUYKEKPLPEVN ouxvoTnTa

*  Auénpevn evepyelakn anodoon
Mewovektrjuara

* ZTeVO €VPOG CLUXVOTATWY
Aettoupylag

o Helmholtz

Piezoelectric circular plate
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AmoteAsital ano:

€vav cwAnNva KAELoTO oTo €va
AKPO KAl avOLKTO OTO AAAO

Metatpomeag eveépyelag
(ouvABwc iiedonAeKTPIKOU
TUTIOUL)

[Meovektriuara

MeyaAUtepn amodoTikotnta
OTIC XAMNAEC cUXVOTNTEC

Melovektrjuara

ATtAlToUV OXETIKA HEYAAEC
VEWHETPIKEC OlAOTACELG
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2UYKOULOTEC HE AVTNXElO TETAPTOU PAKOUCG KUPATOC

Quarter-wavelength tube

Loudspeaker

A-TENG

< Carbon electrode
FEP membrane

*—— Spacer

‘ ’4— Conductive PLA
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2UYKOULOTECG BACIOPEVOL OE AKOUOTIKA
HETAUAIKA

Ta akouoTikd petalAkd:

eAEYXOULV Kal KateuBuvouv tn
OLadoon NXNTIKWYVY KUPATWY

CGUYKEVIPWVOUV Kal EYKAWVI{OUV TNV
NXNTKA EVEPYELA OE TIOAU PIKPOUC
OYKoUC

- au§AVOUV CNPAVTIKA TNV TOTILKA
nNXNTiKn Ttieon

> TLAPAYOHEVN NAEKTPLKN LOXV
[MAeovektrjuara
peyaAuTtepn eveAEia otov oxedlaopo

TIEPLOCOTEPEC ATIO Hia CUXVOTNTEC
OUVTOVIOHOU
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Acoustic wave incidence
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2 UYKOMLOTEG eveEpYELag Baolopevol oe
TiLeoNAEKTPLKO TIPOBoAO
AmoteAeital amno:
TtpoBoAo (cantilever beam) maktwpévog oto Eva

Akpo Kat eAeVBOepOg oTo AAO
© TieonAeKTPLKO UAIKO

lMeovektripara
(@)

Trapezoid
hollow structure

©  amAn Kataokeun

* XaunAd kéotog
vdnAn anoedoon otV EKPETANMEUON dovVHoEWV
XOAUNAWY CUXVOTATWY -

Piczoclectric
aer

Stainless-steel
substrate layer

Brass
substrate layer

Mewovektrjuara

Fixed base Fixed base

Meploplopévo eVPOG CUXVOTATWY AsLtoupyiag
MelwpEvn amodoTIKOTNTA O TIEPLOXEC DLEYEPONG
€KTOC CUXVOTNTAC CUVTOVIOHOU
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» Amtotelel pia amo tig onpavtikotepeg HEOODOUCG HETATPOTING PHNXAVIKNAG EVEPYELAC OE
NAEKTPLKN Kal To avtiotpodo

Apeoo TiieConAEKTPLKO Ppavopevo Avtiotpodo ieonAEKTPLIKO Ppavopevo

* TTapaywyn NAeKTPLIKoL popTiou amo e Tapapopdwaon Adyw nAekTpLlkoL Ttediou
pnxavikn tdon
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EOpeon ouxvotntag otdxou
(target frequency)
AN petpnoewy BopuBouL oTo agpodpopLo

EQ Wizard

EUpeon ouxvotntag Pe HEYAAUTEPN EvaAon

| Emtoyn yewpETPIAC KALUAKGY !
| Kataokeung I
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KATAoKEUNG
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EOpeon cuxvdtntag otdxou (target = Pl il 3
PEGN GUXVOTNTAC TTOXOU (targ I Mpooopoiwon oto Ansys |
frequency) - :
AN HETPACEWY BOPUROL GTO AEPOSPOHLO | Coupled Field Modal Analysis H
AvAAuon petprioewyv oto Aoylopikd Room EQ : Coupled Field Harmonic Analysis :
- L e e e e e e e 1
Wizard
EUpeon ocuxvotntag e HeyaAlTepn €viaon
-0 ° s >

ETt\oyn yewpEeTpiag Kat UAIKWV
KATAoKEUNG
2xediaon mpoBoAou oto Aoyloutko Ansys
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» Meshing: dnuloupyia MAEypatoqg

» Oplopoc:

* Fixed Support: Baon tou beam-onueio akTtwong

* Voltage coupling: emdvw erudavela rieonAekTplkou

* Voltage(Ground): katw emidpavela ieonAeKTPLKOU-
onueio emadng pe beam

» Coupled Field Modal Analysis

4

2Zuxvornra mpwtnc tdtouop@ric 73 Hz

0,000 0045 0090 (m)
—— — )
0068
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“» Edappoyn akouotikoU ¢poptiou (Sound Pressure Level > Pa)

SPL
P=P,-1020

Eninted0 BopUpou (db) Hxnuwr igon (Pa)

Coupled Field

Harmonic Analysis | ] .
100 2

“» MNMpooopoiwon Tieong Tov PETATPETETAL OE TIAPANOPPWON

“* YTLOAOYLOHOG NAEKTPLKNG TAONG OTO TILECONAEKTPLKO

ANAAYZH KAIZ ZXEAIAZMOZ ZYTKOMIZTH AKOYZTIKHZ ENEPTEIAZ

TIA EGAPMOTH ZTHN AEPOMAOIA

2026

http://www.m3.tuc.gr

[Mpocopoiwan oto Aoylopiko Ansys

School of Production Eng. & Management
Micromachining & Manufacturing Modeling Lab NYZTAZAKHZ ANTQN IOZ

Prof. Aristomenis Antoniadis

«» Ze emineda BopuPou 70db:

Frequency Response Taon €650V 0TO =
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2¢e emineda Bopupou 90db:
Frequency Response Taon e€o5ou oto _
@ — | TEe{ONAEKTPIKO=0,49V | \\\
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E0pean cuxvotntag otoxou ARYPn TEPAPATIKWY

Mpooopoiwon oto Ansys

(target frequency) uatpr']cawv oTo spVClOTI"]plO
Aqin petprioewy BopuBou oto Coupled Field Modal Analys’
agpodpopLo

Coupled Field Harmonic .analysis Ze oUoTNHA EAEYXOHEVWY KPASACHWY

(Sentek Shaker)
S€ NXNTIKO ofpa

AvAAuGN HETPHOEWY OTO AOYIOHIKO
Room EQ Wizard

EUpeaon ouxvotntag e peyaAutepn

1
1
1
1
1
Ze eAeVBEPEC TANAVTWOELG :
1
1
1
1
1
1
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Melpapatikn diataén oe eAeVUBEPEG TAAAVTIWOELG

0 Pzt Cantilever Beam
© r1aiuoypdgoc
e Emrayuvoiduetpo

o NAoyiopikd Crystal Instruments EDM
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Eneéepyaoia petpnoewyv otn MATLAB
* Awdypappa Taong-Emtdyuvong

* YmoAoylopog ocuvieAeotn anooBeong taldviwong ()

T T T T

} : Damping ratio :
L {=0.02468 |

Accelerstion (m's2)

Tie (5)
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s ANUN TEEPAPATIKWY HETPROEWV HE XProN CUCTAUATOC
W eAeyxouevwy kpadaopwy (Sentek shaker)
i
—
i Mpocopoiwon oe:
5
E *  OUXVOTIKO pacpa 0-100 Hz
(@
E *  gmineda emPBaropevng emitaxuvong 0.5g,1m/s2,1g
-
W
§ = \ /
E % 4—‘\\\(/'—*
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e AP TTERAUATIKWY HETPOEWV HE XPHON CUCTAKHATOC EAEYXOHEVWY Kpadaopwy (Sentek shaker)
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*  ANPN TTEPAUATIKWY HETPAOEWVY HE XPrION CUCTAHUATOC EAEYXOHEVWVY Kpadaopwy (Sentek shaker)

5 T T T 7

P
o

N
T

@
3}

>e emutdyuvon 0,5g~4,905 m/s?

w
T

Voltage (V)

e >uxvOTNTA CUVTOVICHOU=62 Hz
e Mgylotn tdon
miedonAeKkTplkov=6,5V

Acceleration (m/s2)
N b

05

) 0
0 20 49 60 80 100
F.equency (Hz)
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*  ANPN TTEPAUATIKWY HETPACEWV LE XPrON CUCTAHATOC EAeyXOpeEVWY Kpadaopwy (Sentek shaker)

10 T T T T 14

12

10

@ S emtaxuvon 1g~9,81 m/s?
£ 6 =
E 8 =
§ o 5
© S . B
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ANAAYZH KAIZ ZXEAIAZMOZ ZYTKOMIZTH AKOYZTIKHZ ENEPTEIAZ

TA EOAPMOTH STHN AEPOMAOIA

E Mepapatikeg HETPNOELC EpyacTtnpiou

* AN TEPAUATIKWY PETPHOEWV HE XPON NXNTIKOU ONHATOG

Mpooopoiwon nxntikoL orRUaATog anoyeiwong agpookadwv AARUN TIEPAPATIKWY PETPAOEWV aro TtaAgoypado Picoscope
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*  2xedlaopog ypadkng apactacng onuatog otnv MATLAB
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* 2xedlaopoc daypdaupatog FFT onuatog otnv MATLAB

g oor FFT Spectrum
o - » PAacpa CUXVOTATWY Pe peyaAUTePN
< €VTaon o€ XPOoVIKO dlaoTnUa orfpatog
CE, 0.05
E » MeyaAUtepn evépyela oApatog yupw
E g 0.04 1 arno ta 70-80 Hz
S« =
=9 Zoost
a5
=0

< 0.02
Sz
E E 0.01 |
=5
52 " __JL R I I
§ L 0 100 200 300 400 500 600 700 800

some = Z Frequency (Hz)
. . . http://www.m3.tuc.gr
[MepauatiKEG HETPNOELC EPYAOTNPLOV
Fy INT e & Warusctuing Hodema Lo NYZTAZAKHZ ANTQNIOZ

* 2xedlaopog Spectrogram otnv MATLAB
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EUpeon auxvotntag atéxou
(target frequency)

AN petpricewv BopuBou oto
agPodpoOLo

AvAAuon HETPHOEWY OTO AOYLOMIKO Room

Mpooopoiwon oto Ansys

Coupled Field Modal Analysis
Coupled Field Harmonic Analysis

AfUn epapatikwy
HETPNOEWY OTO EPYATTNPLO

Ze eAeVBEPEC TANAVTWOELG

Ze oVLOTNPA EAEYXOHEVWY KPASACHWY
(Sentek Shaker)
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*  >xedlaopoc ypadikng apaotaocnc onuatog MATLAB

Raw Signal
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e Yxedlaouoc Spectrogram otnv MATLAB
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Xpnon KaAUuTeEpPoL
€EOTALOMOU PETPNONG
ouxvotntac
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