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l Problem description

l Implementation in B2000
– Elements
– Solvers

l Two simple examples
– Acoustic domain only
– Two plates with air in between

l Future developments
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ObjectivesObjectives

l Determine noise level inside an aircraft (car, ship), due to a
noise source outside or inside the cavity
– Internal acoustics î  Sound transmission
– External acoustics î  Sound radiation (BEM often more

efficient)

l Why B2000?
– Special elements required

• Modelling of porous material (glasswool, insulation
material)

• Structure damping model
– Special solver(s) required

• Solution of complex, non-symmetrical system
– Modal base, responses, sound intensity
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Problem definition (1)Problem definition (1)

l Navier-Stokes equation
– Assumptions:

• Fluid inviscid (no shear forces)
• Fluid at rest (mean velocity is zero)
• Only small perturbations around equilibrium
• Linearisation of resulting equations

– Results in wave equation
• p' = pressure fluctuation
• c = speed of sound

– Not valid when:
• Viscosity becomes important (very thin air layers)
• Non-linear effects become important (very high sound

levels)
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Problem definition (2)Problem definition (2)

l Boundary conditions
– Uncoupled (fluid domain only)

• Rigid wall: Ñp' • n = 0 (default)
• Free surface: p' = 0
• Sound absorbing wall (impedance)
• Infinity, no reflection (Sommerfeld condition)

– Coupled (fluid interacting with structure)
• Flexible wall: ua • n = us • n

l Strong structure-acoustic interaction possible, when:
– Density of fluid w.r.t. structure density becomes important
– Structure is not very stiff
– Structure and fluid have close eigenfrequencies
– Structure and fluid have spatial matching modes
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FEM formulationFEM formulation

l Uncoupled, acoustic domain only

– Matrices represent no real mass and stiffness

l Coupled structural-acoustic

– Couple matrices makes the system non-symmetric
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Implemented elements (1)Implemented elements (1)

l Acoustic elements
– Generates Ka and Ma
– HE8.ACOU

• Linear (8 nodes)
– HE20.ACOU

• Quadratic (20 nodes)

l Porous material
– Limp model

• Fibre stiffness neglected
• No fibre matrix

resonances
– HE8.LIMP

• Linear (8 nodes)
– HE20.LIMP

• Quadratic (20 nodes)

HE8.ACOU/LIMP

HE20.ACOU/LIMP
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Implemented elements (2)Implemented elements (2)

l Interface elements
– Couples structure with

acoustic domain î  Cas
• Zero thickness

– Node numbering important!
• Normal must point

outward acoustic
domain

– Number of dof per node not
constant!

– Q8.INT
• Linear (8 nodes)

– Q16.INT
• Quadratic (16 nodes)

– Q17.INT
• Linear to Quadratic (17

nodes)
Q17.INT

Q16.INT

Q8.INT
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Implemented elements (3)Implemented elements (3)

l Impedance elements
– To model sound absorbing properties of surrounding

• Wall, space

l Infinite elements
– To model sound radiation problems
– Do not work properly at this moment
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Implemented solvers (1)Implemented solvers (1)

l Eigenvalue solvers
– Calculation of modes and resonance frequencies
– Uncoupled case

• Symmetric real system î  standard equation solver
• Symmetric complex system î  b2csiv

– Uncoupled case with damping
– Coupled case

• Non-symmetric real system î  b2acsiv
• Non-symmetric complex system î  b2cnsiv

– Structure damping/Acoustic damping (porous
material)
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Implemented solvers (2)Implemented solvers (2)

l Frequency response solver: b2frf
– Calculates the frequency response due to a loading
– Various methods available (non-symmetric, complex)

• Direct method (validation purposes, very expensive)
• Modal methods

– Displacement method
– Modified acceleration method

• Combinations of direct and modal method
– Direct solution of non-diagonal modal matrices
– Uncoupled modal base (for acoustics)

l Sound intensity solver: b2si
– Calculates the sound intensity on a mesh independent

surface
– Transmission loss analysis
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Example 1: Air cavity with rigid wallsExample 1: Air cavity with rigid walls

l Problem description
– Radius cavity: 3m
– Sound speed: 340 m/s
– Air density:     1.2 kg/m3

l Modal analysis
– Analytic solution exists (Bold

font style in pictures)
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Example 1: Air cavity with rigid wallsExample 1: Air cavity with rigid walls

Mode 2: 33.4 Hz (33.2 Hz) Mode 4: 55.5 Hz (55.1 Hz)
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Example 1: Air cavity with rigid wallsExample 1: Air cavity with rigid walls

Mode 6: 70.0 Hz (69.1 Hz) Mode 17: 130 Hz (127 Hz)
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Example 1: Air cavity with rigid wallsExample 1: Air cavity with rigid walls

Mode 11: 98.0 Hz (96.2 Hz) Mode 15: 123 Hz (121 Hz)
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Example 2: Two plates with air cavityExample 2: Two plates with air cavity

l Problem description
– Plates

• Dimensions: 0.5 * 0.5 m2

• Distance:      0.1/0.01 m
• Thickness:   1 mm
• Aluminium

– Air cavity
• Sound speed: 340 m/s
• Air density:     1.2 kg/m3

l Modal analysis
– Weak coupling
– Results identical with

MSC/NASTRAN
– Bold values represent

uncoupled case
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Example 2: Two plates with air cavityExample 2: Two plates with air cavity

Mode 1: 6.63/5.01 Hz (6.95 Hz), Structure dominated: plates out of phase
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Example 2: Two plates with air cavityExample 2: Two plates with air cavity

Mode 2: 6.88/6.94 Hz (6.95 Hz), Structure dominated: plates in phase
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Example 2: Two plates with air cavityExample 2: Two plates with air cavity

Mode 11: 42.9/39.6 Hz (43.6 Hz), Structure dominated: plates out of phase
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Example 2: Two plates with air cavityExample 2: Two plates with air cavity

Mode 12: 43.3/43.6 Hz (43.6 Hz), Structure dominated: plates in phase
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Example 2: Two plates with air cavityExample 2: Two plates with air cavity

Mode 80: 508 Hz (483 Hz), First acoustic dominated: plates out of phase
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ChallengesChallenges

l European project FACE (Friendly Aircraft Cabin
Environment)
– Calculation of Transmission Loss on real aircraft structure:

• Fuselage panels
– Bare panels

• Metallic and composite
– Damped panel
– Furnished panel

• Insulation material
• Trim panels

• Barrel!
– Composite fuselage section (TANGO)

– FEM mesh structure provided by other partners
• Conversion to B2000 and vice versa with b2nas
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Problems to solve (1)Problems to solve (1)

l Very large meshes
– Standard direct solvers do not apply here anymore

• Based on Skyline matrices, which are very large!
• Very inefficient (storage, computation time): 95% or

more of the elements within skyline are zeros! î  CRS
– Solution î  Iterative solvers

• However: do not work with “current” shell elements!
– Due to very high condition number (reduced integr.)
– See presentation B2000 Workshop 2000

• Possible solutions:
– Use volume elements to model the shell?

• What about aspect ratio?
• Implementation of composite

– Use different shell formulation
• Requires considerable modification of current solvers
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Problems to solve (2)Problems to solve (2)

l Non-coinciding meshes structure and acoustic domain
– Couple matrix currently generated by means of interface

elements î  Requires coinciding meshes
– Mesh density of acoustic domain can be much smaller î

Large reduction of problem size
– How to transfer pressure from acoustic mesh to

displacements on structure mesh and vice versa?
• Right implementation of corresponding differential

equation
• Multigrid kind of operators?

– Automatic generation required, due to nodenumber
sequence

l Automatic generation of local-coordinate systems
– To lock ‘correct’ drill dof and solve singularity problem
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Problems to solve (3)Problems to solve (3)

l Three and six node shell element
– Including composite
– Without high condition number problem, when possible

l Mixed lumped (shells) and consistent (couple elements)
mass formulation

l Correct MPC implementation
– Used a lot within MSC/NASTRAN (source of input)
– Now implemented with Lagrange multipliers and for

stiffness matrix only


