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Recap: DC09 - Research field
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Model Order Reduction of coupled vibro-acoustic systems 

Objectives:
▪ Combination of IGA and FEM/BEM for vibro-acoustic systems
▪ Explore Model-Order Reduction (MoR) schemes to IGA-iBEM for coupled vibro-acoustic methods
▪ Incorporate Fast-Multipole and H-matrix approaches within IGA-BEM MoR framework

Considering one domain- acoustic domain- for now 🡪 IGA-BEM 
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Fundamentals of Computational Acoustics 
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Acoustic Basics (I) 

 

Figure 1.: Description of a general acoustic problem



Fundamentals of Computational Acoustics 
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Acoustic Basics + IGA  

 

 



Motivation of Research 
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Model Order Reduction of coupled vibro-acoustic systems 

Why MoR IGA-BEM?

▪ Only boundary needs to be discretized in BEM compared to FEM

▪ Fulfillment of Sommerfeld radiation condition at infinity for BEM

▪ Sensitive to geometric description of surface 🡪 Incorporation of IGA with BEM

▪ However: There is no free lunch! ( theorem of conservation of difficulties)

▪ System matrices in BEM are dense, non-affine and highly oscillatory!

▪ Use MoR IGA-BEM to reduce computational cost Figure 2: Overview of numerical methods
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IGA-iBEM Implementation
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Computation of the double layer potential (I) 

            ▪ Patches in general have non-conforming discretizations
▪ Patch coupling needed!
▪ Herein: Patch coupling by virtual refinement in a master-slave formulation [Co16]
▪ Virtual refinement of interface DOFs until patches are conforming
▪ Use substitution method for condensation of slave DoFs 

(a) (b)

Figure 4.: Conceptual illustration of patch coupling method [Co16]

 



IGA-iBEM Implementation
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Computation of the double layer potential (II)
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Model-Order Reduction of BEM systems
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Problem of BEM systems

 

Figure 6.: Schematic scheme projection MoR  
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Idea 

 



Model-Order Reduction within IGA-framework
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Recycling of Krylov subspaces (I) 
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Recycling of Krylov subspaces (I) 
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Recycling of Krylov subspaces (I) 

 



Model-Order Reduction within IGA-framework
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Fixed Krylov Subspace Recycling (FKSR) 

 

(a) (b)

 



Model-Order Reduction within IGA-framework
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Introduction of Automatic Krylov Subspace Recycling (AKR) 

 



Model-Order Reduction within IGA-framework
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Automatic Krylov Subspace Recycling (AKR) 

 

(a) (b)
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Future work
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▪ Extend MoR scheme for BEM systems for multiple design variables for shape optimization

So far:

▪ Only considered the acoustic domain 

Future work vibro-acoustic:

▪ Just coupling at the interface (boundary) of fluid domain and structural domain 

▪ Assume FEM for structure and BEM for acoustic domain

▪ Explore MoR schemes for fully coupled vibro-acoustic systems

            

Acoustics and vibro-acoustics



Thank you!
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