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Motivation Overview • Ersatz material/ “SIMP” optimization • Piezoelectric-mechanical laminate coupled with acoustics • Piezoelectric layer is design domain



Topics • Acoustic optimization vs. structural approximation • Self-penalized piezoelectric optimization without . . . • penalization (e.g. RAMP) • volume constraint • regularization (filtering)
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Piezoelectric-Mechanical Laminate



Bending due to inverse piezoelectric effect



Piezoelectric layer: PZT-5A, 5 cm×5 cm, 50 µm thick, ideal electrodes Mechanicial layer: Aluminum, 5 cm×5 cm, 100 µm thick, no glue layer Fabian Wein
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Coupling to Acoustic Domain



• Discretization of Ωair via cair = 343 m/s = λac f • Dimension of Ωair determined by acoustic far field • Fine discretization of Ωpiezo and Ωplate • Non-matching grids Ωplate → Ωair-fine and Ωair-fine → Ωair-coarse Fabian Wein
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Coupled Piezoelectric-Mechanical-Acoustic PDEs



PDEs:



  ¨ − B T [cE ]Bu + [e]T ∇φ ρm u = 0 in Ωpiezo   B T [e]Bu − [S ]∇φ = 0 in Ωpiezo ¨ − B T [c]Bu = 0 in Ωplate ρm u 1 ¨ ψ − ∆ψ = 0 in Ωair c2 1 ¨ ψ − A2 ψ = 0 in ΩPML c2 ∂ψ on Γiface × (0, T ) ∂n = −n ρf ψ˙ on Γiface × (0, T )



Interface conditions: n · u˙ = − σn



Full 3D FEM formulation (quadratic / linear with softening) Fabian Wein
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Solid Isotropic Material with Penalization



• Sample reference: K¨ ogl, Silva; 2005 • Design vector ρ (pseudo density ) • ρ = (ρ1 . . . ρne )T is piecewise constant within elements • ρe ∈ [ρmin : 1] from void (ρmin ) to full (1) material • Replace piezoelectric material constants:



[e cEe ] = ρe [cE ],



m ρem e = ρe ρ ,



[e ee ] = ρe [e],



[e εSe ] = ρe [εS ]



• Intermediate values are non-physical! • Small ρ → low stiffness • Large ρ → high piezoelectric coupling
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Linear Systems • Piezoelectric-mechanical-acoustic coupling



¯ψ ψ S CT  ψ um   0  0 



Cψ um Sum um



0



0 0







 ¯    0 ψ(ρ)  eu u (ρ) S  um (ρ)  0  m p     eT (ρ) S eu u (ρ) K e u φ (ρ)   up (ρ)  =  0  S p p um up p  ¯φ q φ(ρ) e T (ρ) −K e φ φ (ρ) 0 K up φ



• Piezoelectric-mechanical laminate



    ˜ um up (ρ) S 0 0 um (ρ) ˜T  ˜ ˜   Sum up (ρ) Sup up (ρ) Kup φ (ρ)  up (ρ) = 0  ¯φ q φ(ρ) ˜T ˜ 0 K up φ (ρ) −Kφφ (ρ) 



Su m u m



• Harmonic excitation: S(ω) = K + jω(αK K + αM M) − ω 2 M



b ˜u • Short form: S b = bf Fabian Wein
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Sound Power • What one wants to optimize



Pac



1 = 2



Z



Re{p vn∗ } dΓ



Γopt



Sound power Pac , pressure p, normal particle velocity vn • Acoustic impedance Z



Z (x) =



p(x) vn (x)



• Z can bee assumed to be constant on Γopt • For plane waves • In the acoustic far field (some wavelengths)
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Optimizing for the Sound Power Use



R Γopt



b = (ψ¯ um up φ)T Re{p vn∗ } dΓ with Z = p/vn and u



Optimization framework • J=u bT L u b∗ with L selecting from u b ≈ Sigmund, Jensen; 2003 ∂J ∂S = 2 Re{λT u} where λ solves ∂ρe ∂ρe



ST λ = −L u∗



Acoustic optimization assume Z constant on Γopt • Jac = ω 2 ψ T L ψ ∗ with vn = p/Z and p = ρf ψ˙ • ≈ D¨ uhring, Jensen, Sigmund; 2008



Structural optimization assume Z constant on Γiface • Jst = ω 2 um T L u∗m with p = vn Z and v = u˙ • ≈ Du, Olhoff; 2007 (approximation is discussed!) Fabian Wein
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Eigenfrequency Analysis We want resonating structures, so consider eigenmodes



(a) 1. mode



(b) 2./3. m



(c) 4. mode



(d) 5. mode



(e) 6. mode



(f) 7./8. m



(g) 9./10. m



(h) 11. mode



• Only (a) and (e) can be excited electrically • Acoustic short circuits for all patterns but (a) and (e) Fabian Wein
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Structural Optimization



Objective Function (m2/s2)



• Objective function Jst = ω 2 um T L u∗m • Several hundred mono-frequent optimizations 5
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1000 1500 Target Frequency (Hz)
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• Robust shifting/ creation of resonances • KKT-condition often not reached Fabian Wein
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Validate Acoustic Approximation • Validate Jac = ω 2 ψ T L ψ ∗ against Γ Re{p vn∗ } dΓ opt • Use one mesh (23 cm height) 7
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• Good approximation above 1000 Hz (0.64 wave length) • Two antiresonances (acoustic short circuits) • Approximation detects only one antiresonance! Fabian Wein
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Objective Function (Pa2)



R
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Acoustic Optimization



7
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• Jac avoids acoustic short circuits • Structural approximation unfeasible (above first mode) • Note Jac approximation unfeasible below 1000 Hz Fabian Wein
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Acoustic Power (W)



Objective Function (Pa2)



• Objective function Jac = ω 2 ψ T L ψ ∗
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Grayness and Volumes • Remember No penalization, no volume constraint • Normalized grayness: g (ρ) = 4 Ω (1 − ρ) ρ dx,



R
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• Good avoidance of grayness • Optimal volumes 25% . . . 100%
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Selected Results



(a) 565 Hz



(b) 575 Hz



(c) 875 Hz



(d) 975 Hz



(e) 985 Hz



(f) 1405 Hz



(g) 1585 Hz



(h) 2160 Hz



Legend: black = full material; white = void material Fabian Wein
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Experimental Prototype (200 µm Piezoceramic)



(a) Original



(b) Sputter



(c) Lasing



(d) Temper



(e) Polarize



(f) Prototype
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Conclusions and Future Work



Conclusions • Structural approximation does not handle acoustic short



circuits • Piezoelectric-mechanical laminate allows optimization . . . • without penalization and regularization • without constraints (especially volume)



Future Work • Use Taylor-Hood elements to compute p and v simultanuously • Find suitable structural approximation • Create more resonance patterns
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The End Thank you for listening and for questions!



Fabian Wein



Acoustic Piezoelectric Loudspeaker Optimization



























[image: Topology Optimization of a Piezoelectric Loudspeaker ...]
Topology Optimization of a Piezoelectric Loudspeaker ...












[image: Using Topology Optimization]
Using Topology Optimization












[image: A comparison of piezoelectric-based inertial sensing ...]
A comparison of piezoelectric-based inertial sensing ...












[image: piezoelectric sensor pdf]
piezoelectric sensor pdf












[image: Measurement of the Effective Piezoelectric Constant of ...]
Measurement of the Effective Piezoelectric Constant of ...












[image: Application of Fuzzy Clustering and Piezoelectric Chemical Sensor ...]
Application of Fuzzy Clustering and Piezoelectric Chemical Sensor ...












[image: types of network topology pdf]
types of network topology pdf












[image: DEVELOPMENT AND OPTIMIZATION OF A ...]
DEVELOPMENT AND OPTIMIZATION OF A ...












[image: NEW_PES2011_Performance Optimization of A PHEV Municipal ...]
NEW_PES2011_Performance Optimization of A PHEV Municipal ...












[image: Monitoring eating habits using a piezoelectric sensor ... - HABits Lab]
Monitoring eating habits using a piezoelectric sensor ... - HABits Lab












[image: DEVELOPMENT AND OPTIMIZATION OF A ...]
DEVELOPMENT AND OPTIMIZATION OF A ...












[image: piezoelectric vibration sensor pdf]
piezoelectric vibration sensor pdf












[image: Piezoelectric actuation mechanisms for intelligent ...]
Piezoelectric actuation mechanisms for intelligent ...












[image: Topology on Spectrum of Modules.pdf]
Topology on Spectrum of Modules.pdf












[image: Piezoresponse force microscopy for piezoelectric ...]
Piezoresponse force microscopy for piezoelectric ...












[image: Piezoelectric response of nanoscale PbTiO3 in ...]
Piezoelectric response of nanoscale PbTiO3 in ...












[image: piezoelectric sensor datasheet pdf]
piezoelectric sensor datasheet pdf












[image: Femap Topology Optimization.pdf]
Femap Topology Optimization.pdf












[image: Chang, Particle Swarm Optimization and Ant Colony Optimization, A ...]
Chang, Particle Swarm Optimization and Ant Colony Optimization, A ...












[image: A Topology-oriented Solution Providing Accuracy for ...]
A Topology-oriented Solution Providing Accuracy for ...















Topology Optimization of a Piezoelectric Loudspeaker ...






Jun 3, 2009 - Mechanicial layer: Aluminum, 5cmÃ—5 cm, 100 Âµm thick, no glue layer. Fabian Wein. Acoustic Piezoelectric Loudspeaker Optimization ... 






 Download PDF 



















 6MB Sizes
 0 Downloads
 127 Views








 Report























Recommend Documents







[image: alt]





Topology Optimization of a Piezoelectric Loudspeaker ... 

Jun 3, 2009 - Discretization of Î©air via cair = 343 m/s = Î»acf. â€¢ Dimension of Î©air determined by acoustic far field. â€¢ Fine discretization of Î©piezo and Î©plate. â€¢ Non-matching grids Î©plate â†’ Î©air-fine and Î©air-fine â†’ Î©air-coarse. 














[image: alt]





Using Topology Optimization 

Nov 16, 2016 - Weiyang Lin, James C. Newman III, W. Kyle Anderson. Design of Broadband Acoustic Cloak. Using Topology Optimization. IMECE2016-68135 ...














[image: alt]





A comparison of piezoelectric-based inertial sensing ... 

obesity and obesity-related diseases (Dorman et al., 2010). Studies have shown .... shelf throat microphone that connects directly to a mobile phone. Secondly, we .... necklace used Bluetooth LE to transmit all raw data to an Android phone for ...














[image: alt]





piezoelectric sensor pdf 

Page 1. Whoops! There was a problem loading more pages. piezoelectric sensor pdf. piezoelectric sensor pdf. Open. Extract. Open with. Sign In. Main menu.














[image: alt]





Measurement of the Effective Piezoelectric Constant of ... 

T. Hidaka, T. Maruyama, M. Saitoh, N. Mikoshiba, M. Shimizu, T. Shiosaki, L. A. Wills,. R. Hiskes, S. A. Dicarolis, and J. Amano, Appl. Phys. Lett. 68, 2358 (1996). 8. A. Gruverman, O. Auciello, and H. Tokumoto. Annu. Rev. Mater. Sci. 28, 101 (1998).














[image: alt]





Application of Fuzzy Clustering and Piezoelectric Chemical Sensor ... 

quadratic distances between data points and cluster prototypes. ..... card was built and a computer program was developed to measure the frequency shift. .... recovery rate was the same for all analytes in the applied concentration range.














[image: alt]





types of network topology pdf 

Download. Connect more apps... Try one of the apps below to open or edit this item. types of network topology pdf. types of network topology pdf. Open. Extract.














[image: alt]





DEVELOPMENT AND OPTIMIZATION OF A ... 

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, for the United States Department of Energy under Contract ...














[image: alt]





NEW_PES2011_Performance Optimization of A PHEV Municipal ... 

NEW_PES2011_Performance Optimization of A PHEV Municipal Parking Deck.pdf. NEW_PES2011_Performance Optimization of A PHEV Municipal Parking ...














[image: alt]





Monitoring eating habits using a piezoelectric sensor ... - HABits Lab 

the Android phone, annotated by the user by pressing a button while performing ..... Electron. Inf. Syst. 130 (2010) 376â€“382. http://dx.doi.org/10.1541/ieejeiss.














[image: alt]





DEVELOPMENT AND OPTIMIZATION OF A ... 

DEVELOPMENT AND OPTIMIZATION OF A CRYOGENIC-AEROSOL-BAED ... Yield enhancement is a major issue in today's IC manufacturing business.














[image: alt]





piezoelectric vibration sensor pdf 

piezoelectric vibration sensor pdf. piezoelectric vibration sensor pdf. Open. Extract. Open with. Sign In. Main menu. Displaying piezoelectric vibration sensor pdf.














[image: alt]





Piezoelectric actuation mechanisms for intelligent ... 

ËœÏ•c hc. (7) where Â¯Ï•c and ËœÏ•c are now mean and relative potentials of the core. 329 ... Î´T and Î´W are virtual variations of the kinetic energy and work done by ...














[image: alt]





Topology on Spectrum of Modules.pdf 

There was a problem previewing this document. Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. Topology on ...














[image: alt]





Piezoresponse force microscopy for piezoelectric ... 

bulk crystals and heterostructures is of consider- able interest for ... *Corresponding author. E-mail address: [email protected] (B.J. Rodriguez).














[image: alt]





Piezoelectric response of nanoscale PbTiO3 in ... 

Received 28 June 2008; accepted 18 July 2008; published online 20 August 2008. Piezoelectric properties of PbTiO3 in 1/3PbTiO3âˆ’2/3CoFe2O4 transverse epitaxial nanostructures on differently oriented SrTiO3 were analyzed using conventional and switch














[image: alt]





piezoelectric sensor datasheet pdf 

There was a problem previewing this document. Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. piezoelectric sensor datasheet pdf. piezoelectric sensor datasheet pdf. Open. Extract. Open with. Sign In. M














[image: alt]





Femap Topology Optimization.pdf 

boundary conditions from the NX Nastran finite element model are taken ... Model setup is very simple using Femap, and existing NX Nastran input data.














[image: alt]





Chang, Particle Swarm Optimization and Ant Colony Optimization, A ... 

Chang, Particle Swarm Optimization and Ant Colony Optimization, A Gentle Introduction.pdf. Chang, Particle Swarm Optimization and Ant Colony Optimization, ...














[image: alt]





A Topology-oriented Solution Providing Accuracy for ... 

tracking methods using wireless sensor networked devices increase. The use of ... position, the advantage is that RSS does not require any additional hardware ...


























×
Report Topology Optimization of a Piezoelectric Loudspeaker ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















