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SECTION 1

OVERVIEW & INTRODUCTION TO ACOUSTICS
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• In this class, you will be exposed to various aspects of acoustics

– Interior Acoustics

– Exterior Acoustics

– Coupling of structure to fluid

– Modal and Direct Approach

– Participation Factors

– Equivalent Radiated Power

– Virtual Mass

– Acoustic Optimization

• Some basic knowledge of dynamics is assumed in this class

– Normal modes, frequency response, complex eigenvalue (NAS102A,
NAS102B, NAS122, or equivalent)

COURSE OBJECTIVES
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• One stop for full online support

• Find answers to your questions

• Search across ALL content

• Subscribe to email notification

• Single sign-on to ALL content

• Access to other support resources

– Case Management Portal

– Discussion Forums

– Training Information

SIMCOMPANION

http://simcompanion.mscsoftware.com
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• Personalized Support via the
following channels

– Web

• Submit a Case Online

• Manage My Cases

– Email

• List of Addresses in Support
Contact Information

– Phone

• List of Phone Numbers in Support
Contact Information

SIMCOMPANION
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• Product Info and Docs

– Access to all Product Documentation

SIMCOMPANION
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• Access to
Communities

– VPD
Community
Discussion
Forums

– Subscribe to
discussion
communities of
interest

SIMCOMPANION
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INTRODUCTION

• What are acoustics?

– The study of “noise”

• Why?

– To reduce the amount of noise for a vehicle occupant

• Legislation to prevent hearing damage

• Comfort is an important factor when buying a car!

– To reduce acoustic fatigue

• Acoustic coupling with a structure can cause structural failure

– To improve behavior of sensors

• Precision sensors may be adversely affected by vibration

• Who?

– Currently dominated by car designers.

– Increase interest from commercial aircraft designers

– Loudspeaker design
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INTRODUCTION

• Objectives of NVH analysis

– Minimize peak and overall vibration

– Minimize noise

– Maximize “ride comfort”

• Targets

– Component response

– Fully assembled vehicle

– Powertrain
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INTERIOR VS. EXTERIOR ACOUSTICS

• Interior Acoustics
– Fluid domain is bounded.

• Automotive interiors

• Aircraft cabins

• Acoustic devices

• Etc.

• Exterior Acoustics
– Domain is unbounded.

(or “infinite”).
• Radiated engine noise

• Exhaust pipe system

• Acoustic devices
– Loudspeakers

– Microphones

Structural

Interior Cavity
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WHAT ARE ACOUSTICS?

• Changes in “fluid” pressure

– Fluid may be air or water

• Acoustic “waves” move at speed of sound

• Fluid moves very small distance
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SOME COMMON TERMINOLOGY

• SPL
– Sound Pressure Level. Usually measured in dB or dBa

• Octave
– 1 octave is a doubling of frequency

• dB
– Logarithmic scale used for SPL

• dBa
– dB adjusted to give human perceived noise level
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EXAMPLES OF SOUND PRESSURE LEVELS

Example of
Common Sound

Pressure
Amplitude

Decibel Level

Hearing threshold 20×10-6 Pa 0 dB

Talking at 1 m 0.002 to 0.02 Pa 40 to 60 dB

Rock concert
20 Pa ? 120 dB ?

Pain threshold 200 Pa 140 dB

Satellite test level 400 Pa 147 dB
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EXAMPLES OF FLUIDS

Fluid Density
(Kg/M3)

Speed of sound (M/S) Wavelength of
100Hz wave

Air 1.29 331 3.3 Meters

Water 1000 1450 14.5 Meters

Will a water or fuel tank cause coupled vibration with
the structure? How about air?
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THEORY OF ACOUSTIC ANALYSIS

• Basic fluid equations

– Euler’s momentum equation

– Continuity equation

– Isentropic state

– Compressibility
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THEORY OF ACOUSTIC ANALYSIS

• Acoustic equations in MSC Nastran are based on
following assumption.
– small motion

– negligible convection & net mean flow

– Locally isentropic pressure-density

– Speed-of-sound state equation

– With above assumptions, obtain

acoustic wave equation

• Relationship between frequency, speed of sound
and wavelength:
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THEORY OF ACOUSTIC ANALYSIS (CONT.)
• Structure-Acoustic boundary condition at fluid-structure

interface.

• Coupling matrix (Aij) is generated to satisfy it.

(Ni, Nj are shape functions)

• Equations of motion for coupled fluid-structure

Ms – structure mass

Mf - fluid mass

A – fluid-structure coupling matrix
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Theory of Acoustic analysis (Cont.)

• Acoustic Boundary Conditions

– No structure, No BC Rigid Wall
•
• 1 rigid body mode
• Fully reflecting

– No structure, constrained boundary p = 0
• “Open” boundary
• No rigid body mode
• “Void” outside boundary

– Infinite element  Exterior Acoustics
• Non-reflecting
• “Far field” simulation

– Coupled structure
• Reflection/absorption dependent on structure

RTp 
0p
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PRACTICAL ACOUSTIC ANALYSIS
• Element size

– Elements must be significantly smaller than wavelength interested in.

• Rule of thumb is ~ 6 elements per wavelength

• Wavelength l = c/f

Example 1

– Using SI unit - c = 340 m/sec, run up to 100 hz

– l = 340/100 = 3.4

– Element size = 3.4/6 = 0.57 m

Example 2

– Using SI unit - c = 340 m/sec, run up to 1000 hz

– l = 340/1000 = 0.34

– Element size = 0.34/6 = 0.057 m
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PRACTICAL ACOUSTIC ANALYSIS

• From a practical standpoint, the FE approach is not feasible
for higher frequencies

• Model size too big to satisfy previous criteria of element size
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WHAT IS SUPPORTED?
• Features

– Structure only analysis
– Fluid only analysis
– Coupled fluid/structure analysis
– Interior and exterior acoustics
– Solid fluid elements
– Acoustic sources
– Acoustic absorbers
– Acoustic barrier
– Rigid porous absorbers

• Solution types
– Normal modes
– Complex Eigenvalues
– Coupled structure/fluid modes
– Frequency response (including random)
– Transient response
– Optimization
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SECTION 2

Interior Acoustics
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INTRODUCTION

What does coupled fluid-structure analysis mean?

• Both fluid (usually air) and structure are present

• The dynamic response of the structure affects the dynamic response of the
fluid, and vice versa.

The coupling effect is important when:

• The structure is relatively flexible

• And, the modal frequencies are similar

• Fluid has significant density (basically for any liquid interacting with a
structure)

For example:

– A fuselage where structure/ fluid natural (and forcing) frequencies are similar

– A car with a tailgate resonance close to a cabin resonance

– A submarine shell submerged in water

The coupling may be neglected

– When considering sound radiation from an engine block (Weakly coupled acoustics, see
section 8)
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INTRODUCTION (CONT.)

• Internal acoustics

– Fluid domain is bounded (e.g., automobile interior)

• Exterior acoustics

– Fluid domain is unbounded (e.g., engine exhaust pipe)

• Finite element analysis is ideal for internal acoustics where the frequency of
interest allows a reasonable size for the elements.

• One rule of thumb for the element size for the fluid is about 6 elements per
wavelength

• There is an upper limit (that is constantly being pushed upwards) for when
acoustic finite element analysis becomes impractical from a model size
standpoint

– For automotive body acoustics, NVH people tend to simulate up to 500 Hz

– For engine noise radiation, the simulation range may extend into kHz range

• Internal Acoustics is covered in this section
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INTRODUCTION

• Fluid/Acoustic Options
– 3D Fluid/Acoustic Cavity

• Most common used acoustic option

• Car or Track cabin

• Finite element (HEXA/PENTA/TETRA)

– 3D Virtual Fluid for 2D shell enclosures
• Generates large dense [M] matrix

• FEM mesh of fluid not needed

• Example - Gas tanks

– 2D Axisymmetric Fluid/Acoustic Cavity
• Least used

• Cannot mix with 3D elements

• Old

Most
commonly

used

Least
commonly

used



NAS115, Section 2, September 2013
Copyright© 2013 MSC.Software Corporation S2 - 5

INTERIOR ACOUSTIC - CAR MODEL

Cavity – red 3D elements

Structure – green/brown 3D elements

• Structure and Cavity



NAS115, Section 2, September 2013
Copyright© 2013 MSC.Software Corporation S2 - 6

INTERIOR ACOUSTIC – CAR MODEL

• Loading, Constraints, Responses

F1 – Drivers side
load

F2 – Passenger side
load

Fixed all 6
directions

Response – Seat Track – coupled
structural grid 4022

Response – Drivers Right Ear
Acoustic grid 10695

Response NON coupled
structural grid 40

Response NON coupled
structural grid 796
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• Coupled interior acoustics

– f fluid

– s structure

– A (area) coupling matrix – struct-dof x fluid-dof

• Pf is acoustic source (ie: flow accel) – SLOAD or
ACSRCE

• Interior acoustic equation

• See Appendix B for additional theory

EQUATIONS – FLUID-STRUCTURE
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3D CAVITY GENERATION

• Driven by existing structural mesh
– Fluid cavity mesh

• Does not have to match grid point to grid point with
structure

• Larger elements sizes

• May have ‘seat’ shaped areas with higher density
– User/company procedure driven
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• Properties
– 3D solid elements

• HEXA, PENTA, TETRA

• PSOLID option FCTN set to PFLUID

• MAT10

3D CAVITY GENERATION

RHOCBULK 2 *
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COUPLING - STRUCTURE/CAVITY INTERACTION

• Requires a list of fluid/structure grid points

– Production models rarely have coincident
fluid/structure grid points

– DMAP module ACMG contains algorithms which will
find the fluid/structure grid point pairs

• Selection is done with the BULK DATA ACMODL
entry

Default and preferred method

Original old method
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COUPLING - STRUCTURE/CAVITY INTERACTION

• ACMDOL fluid structure grid point pair options

– User supplied as FSET/SSET defined by SET1

• Tedious for production models

– Automatic search methods

• CP of Closed Pressure vessel

• BW for Body in White

– The selection of the search method also selects the
calculation method of the coupling matrix

• BW is the default and is the most robust search
method for fluid structure grid point pairs

– Each method implies calculation of the A matrix

• BW A matrix ≠ CP A matrix
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TYPICAL SETUP AN ACOUSTIC ANALYSIS?

SOL 111

CEND

TITLE = Coupled Analysis

METHOD = 1

SDAMPING(STRUCTURE)=100

SUBCASE 1

FREQ=200

DLOAD=1013

$

BEGIN BULK

$

INCLUDE 'structure_01d.nas' $SPCADD 8

$

PARAM POST 0

$

METHOD for fluid part.

Not required, default uses the same
method command as for

STRUCTURE

METHOD for fluid part.

Not required, default uses the same
method command as for

STRUCTURE

Modal damping for fluid part.

Not required , (provided damping in
fluid is very small compared to

structure damping)

Modal damping for fluid part.

Not required , (provided damping in
fluid is very small compared to

structure damping)

Pressure output request (optional)

(disp is analogus to acoustic pressure
for fluid grids)

Pressure output request (optional)

(disp is analogus to acoustic pressure
for fluid grids)

Cavity model (required)

• All fluid grids have CID specified as -1

•MAT10 for fluid material props

•PSOLID entry , FCTN option PFLUID

Cavity model (required)

• All fluid grids have CID specified as -1

•MAT10 for fluid material props

•PSOLID entry , FCTN option PFLUID

GRID 2001 0.0 -100. 1500. -1

Reference for
dB level

Not required

Reference for
dB level

Not required

ACMODL entry for controlling the Fluid Structure coupling

NOT required

ACMODL entry for controlling the Fluid Structure coupling

NOT required

MSC Nastran will use default ACMODL setting once fluid and
structure elements are detected
MSC Nastran will use default ACMODL setting once fluid and
structure elements are detected
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• We will look at 3 configurations:

1. Fluid only (elements

1001-1008)

2. Structure only (elements 1-4)

3. Structure/fluid (elements 1-4,

1008-1008)

– Note that the structure is moved for clarity

EXAMPLES
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• Input File

1. FLUID-ONLY MODEL (PROB1FL.DAT)
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1. FLUID ONLY MODEL (PROB1FL.DAT)

ρair = 1.21e-7 lb-sec2/in4

C = 13000 in/sec
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• Eigenvalue Table

• Eigenvectors

1. FLUID ONLY MODEL (PROB1FL.DAT)
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1. FLUID-ONLY MODE SHAPE
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WORKSHOP 1
ACOUSTIC MODAL ANALYSIS
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• Material: Aluminum

• Thickness: 0.2”

2. STRUCTURE ONLY MODEL (PROB1STR.DAT)
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• Input File

2. STRUCTURE-ONLY MODEL (PROB1SRT.DAT)
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• Eigenvalue Table

2. STRUCTURE-ONLY MODEL (PROB1SRT.DAT)
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• Structure modes

2. STRUCTURE-ONLY MODEL (PROB1SRT.DAT)
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ENGINEERING QUESTIONS

• Is the first frequency what you would expect?

• Is the element size consistent with the frequency range of interest?

• Is a fluid/structure analysis necessary for this problem?
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• Input File (prob1stfl.dat)

3. FLUID-STRUCTURE MODEL
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• Fluid Structure Interface Output

3. FLUID-STRUCTURE MODEL
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• Fluid Structure Complex Eigenvalue Output

• Plotting of the mode shapes is a bit tricky

– Structure has potentially 6 DOFs per grid

– Fluid has 1 DOF (normal direction)

• Output type labeled as “S”

• May list up to 6 of them per row of output

3. FLUID-STRUCTURE MODEL
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Mode 1

3. FLUID-STRUCTURE MODEL - EIGENVECTORS
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• Mode 1

3. FLUID-STRUCTURE MODEL FLUID - EIGENVECTORS
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Mode 2

3. FLUID-STRUCTURE MODEL FLUID - EIGENVECTORS
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• Mode 2

3. FLUID-STRUCTURE MODEL FLUID - EIGENVECTORS



NAS115, Section 2, September 2013
Copyright© 2013 MSC.Software Corporation S2 - 31

Mode 9

3. FLUID-STRUCTURE MODEL FLUID - EIGENVECTORS
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• Mode 9

3. FLUID-STRUCTURE MODEL FLUID - EIGENVECTORS
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WORKSHOP 2
SPEAKER INTERIOR ACOUSTICS
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COUPLING MATRIX

• The A matrix

– Represents the physical coupling of the cavity and
structure

– Requires a list of surface fluid grids and closest
structural grid

• Production models rarely have coincident
fluid/structure grid point locations

– Generated using the list of fluid/structure grid
points

• NASTRAN ACMG module

– BW couples all 6 structural DOF
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COUPLING MATRIX

• Direct input of A matrix

– This is controlled by the A2GG Case Control
command

– The format of the A2GG input is similar to the other
G-type DMIG input (e.g., K2GG)
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MODAL SPACE SOLUTIONS

• SOL Driven Mode Extraction
– Separate extraction of fluid and structure modes

• Complex Modal space (SOL 110)

• Modal frequency response (SOL 111) and modal
transient response (SOL 112)

• Optimization ANALYSIS=MFREQ or MTRAN

– Combined modes extraction
• Normal modes (SOL 103)

– Note METHOD Case Control defaults
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SUPPORTED ANALYSES

• Modal analysis

– Real eigenvalue analysis for fluid only (SOL 103)

– Complex eigenvalue analysis for fluid/structure analysis

• Direct (SOL 107)

• Modal (SOL 110)

• Frequency response analysis

– Direct (SOL 108), modal (SOL 111) and mixed, i.e., modal fluid, direct structure, and
vice versa

• Transient Response Analysis
– Direct (SOL 109), modal (SOL 112) and mixed, i.e., modal fluid, direct structure, and

vice versa

• Design optimization (sol 200) supporting all of the above analysis
disciplines (except for direct transient)
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FLUID ELEMENTS

• Use solids to model fluid:

– 8- to 20-noded HEXA

– 4- to 10-noded TETRA

– 6- to 15-noded PENTA

• Use the existing Bulk Data entries CHEXA, CPENTA, and CTETRA to specify
topology.

• Use PFLUID in the eighth field of the PSOLID entry.

– Use the default for the other fields.

• Use a MAT10 to specify bulk modulus and the mass density of the fluid.

• Use a CD=-1 for the fluid GRIDs (field 7 on the GRID card)

– Avoid use of the GRDSET Bulk Data entry because it affects both fluid and structural
grids.
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GRID GRID POINT



NAS115, Section 2, September 2013
Copyright© 2013 MSC.Software Corporation S2 - 40

GRID GRID POINT
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PSOLID PROPERTIES OF SOLID ELEMENTS
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PSOLID PROPERTIES OF SOLID ELEMENTS



NAS115, Section 2, September 2013
Copyright© 2013 MSC.Software Corporation S2 - 43

PSOLID PROPERTIES OF SOLID ELEMENTS
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MAT10 FLUID MATERIAL PROPERTY DEFINITION

There is a relationship between the bulk modulus (B), rho and c

B=C2*rho

Only two out of the three values need to be specified. If all three values are specified,
MSC Nastran will issue a warning message
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MAT10 FLUID MATERIAL PROPERTY DEFINITION
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LOADINGS
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FLUID LOADINGS

• Enforced Pressure

– Constant

– Frequency-dependent

– Time-dependent

– Large mass method

– Large stiffness method

– Lagrange Multiplier method

– The SPCD method (used in structure) is not supported

• Acoustic Source

– ACSRCE - frequency-dependent power

– RLOAD1 - particle acceleration

• Most common way to apply a load to a cavity is indirectly,
transmitted through boundaries from structure model excitation

• Reciprocity is sometimes more efficient and ACSRCE loading is
used
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ENFORCED PRESSURE - CONSTANT

• SPC fluid point with pressure value.

• Constrain degree of freedom 1 on the fluid point boundaries.

• P=0.0 is used as an anti-symmetric boundary condition.

• No constraint creates a rigid wall which is a symmetric boundary
condition.
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ENFORCED PRESSURE – FREQUENCY DEPENDENT

• RLOAD1 force.

• Large mass

– Large mass for fluid is ~

– Use CMASSi or conm2

Value of force:

(ML)*(pressure)

• FORCE APPLIED WITH FOLLOWING ENTRIES

– OLOAD – PRESSURE

– RLOAD, DAREA – MASS

– TABLED4 – to input

310
modulusbulk

volumefluidtotal
xM L 

2F

2
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ENFORCED PRESSURE – FREQUENCY DEPENDENT

• Large stiffness:

– Large stiffness for fluid ~

– Put large stiffness fluid elements to ground.

– Value of FORCE FL = KL * (PRESSURE)

– RLOAD1, DAREA applies FORCE

310
densityFluid

volumefluidTotal
LK
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ENFORCED PRESSURE - LARGE MASS EXAMPLE
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ENFORCED PRESSURE – TIME DEPENDENT

• TLOAD1

• Enforced displacement option.

• Large mass for fluid is:

• Multiplier on DAREA equals large mass.

• Pressure value on TABLEDi.

• See the MSC NASTRAN Dynamics User's Guide, Section 7,
Enforced Motion.

310
modulusBulk

volumefluidTotal

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STRUCTURAL – ACOUSTIC ANALOGY

• At free surfaces (open boundary), set

• At rigid walls (default, natural boundary condition)

• Where the pressure is known, set

• Where the normal component of the particle acceleration is known,
apply a grid point load of where A is the contributing area.

Structures Acoustics

Elastic Constants (E,G) (Density) -1

Density (Bulk Modulus)-1

Displacements (Ux) Pressure

Force (σ) Particle Accelerations

0 Pux

Pux 

PA*
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ASSUMPTIONS

• No rotational effects:
– No shear waves

– No turbulence

– No sloshing

– No viscosity

• The pressure/density ratio is constant locally

• Small motion theory
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ACOUSTIC SOURCE

• POINT source

• Power versus frequency (frequency response only)

• DLOAD points to ACSRCE which contains:

– Set ID.

– DAREA entry.

– Material properties for calculation.

– Table ID, which is used to supply the power versus frequency curve.

– Phase angle.

Q
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ACOUSTIC SOURCE (CONT.)

• MSC NASTRAN converts power to for use in the finite
element equation using the following relationship:

Where: = fluid acceleration -

loads in fluid/structure finite

element equations (volume/sec2)

Q = volume change/time (volume/sec)

ω = frequency (radians/sec)

c = speed of sound in fluid (length/sec)

P(f) = power (energy/sec)

ρ = density of fluid (mass/length3)

Q



 )(8 fcP
Q 

Q
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ACOUSTIC SOURCE (CONT.)

• RLOAD1 (or RLOAD2) can also be used as a simple source.

– Use equivalent from above equation.

– Force is analogous to , particle acceleration (volume/sec2)

– If Q is known, is calculated as follows:

QiQ 

Q

Q

Q
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ACSRCE ACOUSTIC SOURCE SPECIFICATION
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ACSRCE ACOUSTIC SOURCE SPECIFICATION
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ACOUSTIC SOURCE EXAMPLE - PROB2.DAT

• 1 dimensional fluid

• Acoustic sinusoidal power source

• Compare the resulting pressure distribution to a theoretical solution.

• One end of the tube has the power applied to it, and the other side is
constrained to a zero pressure.

– density = 1.21 kg/meter3

– speed of sound = 343 meters/sec
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ACOUSTIC SOURCE EXAMPLE - ACSRCE

• The power is spread over GRIDs 1, 2, 3, and 4 by the combination of the
following ACSRCE, TABLED1, DAREA, and FREQ bulk data entries:

acsrce 10 100 100200 1.21 142355.3

tabled1,100200

,0., 0., 49.9, 0., 50.0, 0.01, 50.1, 0.

,1000., 0. , endt

darea,100,1,0,.25,2,0,.25

darea,100,3,0,.25,4,0,.25

freq,15,50.
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ACOUSTIC SOURCE EXAMPLE - ACSRCE
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• Acoustic Output are single value.

• The f06 acoustic output under the displacement output uses the
same output format as the grid, which potentially has six values

– Implies 6 acoustic values per line

– Grid 1, Grid 2, etc.

ACOUSTIC OUTPUT
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ACOUSTIC OUTPUT
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ACOUSTIC SOURCE EXAMPLE – RLOAD1

• Alternately, an RLOAD1 can be used to specify power by inputting as a
force on the fluid GRIDs.

rload1,10,100,,,100100

tabled1,100100

,0., 0.,49.9,0.,50.0,8.44061,50.1,0.

,1000.,0.,endt

darea,100,1,0,.25,2,0,.25

darea,100,3,0,.25,4,0,.25

freq,15,50.

• The “8.44061” on the TABLED1 entry is the equivalent to a power of 0.01
watts.

Q

Q
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ACOUSTIC SOURCE EXAMPLE – RLOAD1
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ACOUSTIC SOURCE EXAMPLE (CONT.)

• The theoretical pressure distribution is (ref. Dave Herting, Internal document)

where:

= fluid acceleration (volume/sec2) calculated from power (see below)

= density of the fluid

c = speed of sound in the fluid

= rotational speed in radians

x = distance from power source

L = length of the 1 dimensional tube

A = cross sectional area of 1 dimensional tube





Q

)]/*cos(*)/*tan()/*[sin(*)]*/()**[( cxcLcxAcQP  
.

.
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ACOUSTIC SOURCE THEORETICAL EXAMPLE (CONT.)
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ACOUSTIC SOURCE THEORETICAL EXAMPLE (CONT.)
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FREQUENCY RESPONSE ANALYSIS

• Modify the file prob1StFl.dat to perform a frequency response analysis.

• Use Sol 108 (acoustic2.dat)

• Apply a sinusoidal structural force.
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acoustic2.dat

• “Similar” to structural
frequency response
analysis setup

FREQUENCY RESPONSE ANALYSIS
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• Typical Output with DISP output request

FREQUENCY RESPONSE ANALYSIS
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GENERAL ADDITIONAL OUTPUT
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OUTPUT REQUESTS, POSTPROCESSING
The following information is available for postprocessing:

• Pressure values is obtained with the DISP=n or PRESS=n Case Control Command.

• PARAM, PREFDB, p_ref : Reference pressure used for sound pressure levels in dB
and dBA [ if not specified, default p_ref of 1.0 is used]

Example: SET 10=51

DISPLACEMENT(PRINT,REAL)=10

• The pressure response is output twice !! 2nd time in Magnitude phase and in dB/dBA
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OUTPUT REQUESTS, POST-PROCESSING

• Particle velocity is obtained using FORCE=n or FLUX=n Case Control Command

• These two outputs are equivalent)

• PARAM,PREFDB,p_ref is used for reference in pressure dB levels [default is 1.0]

• PARAM,ACOUT,[RMS/PEAK] controls wether rms or peak(default) is output

Example: SET 20=1

FLUX(PRINT,REAL)=20

or FORCE(PRINT,REAL)=20

• This output is calculated as element output!!

• Currently not supported in Patran or SImX.
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OUTPUT REQUESTS, RESISTANCE, REACTANCE, ABSORPTION
• Resistance, Reactance and absorption may be calculated using the STRESS=n

command

• EXAMPLE SET 30=5125

STRESS(PRINT,REAL)=30

• This output is calculated as element output!!

• Currently not supported in Patran or SimX
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• The general fluid-structure equation of motion is unsymmetric

• For efficiency, by default, MSC Nastran solves a symmetrized
version of the above equation based on Everstine’s work (See
Chapter 13 of the MSC Nastran Reference Manual for further
details)

FLUID-STRUCTURE EQUATION
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• ACYSM

EQUATION SOLVED

Unsymmetric coupled equation

•Solving the unsymmetric
equation is time consuming
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POSTPROCESS RESULT, FLSTCNT

• FLSTCNT (Case Control)
can be used to control
the acoutsic analyses
and their output:

ACSYM YES
NO

requests symmetric or nonsymmetric
solution for fluid-structure analysis

ACOUT PEAK
RMS

specifies the type of output to be used with
the FORCE Case Control Command

PREFDB Real
1.0

defines the reference pressure for sound
pressure levels in dB given by the FORCE
command. In order to get standard dB
levels, a value of 2.E-5Pa has to be given
together with PARAM, ACOUT, RMS

ASCOUP YES
NO

requests a coupled or non-coupled fluid-
structure analysis

SKINOUT NONE
PUNCH
PRINT
ALL

requests sets of grid and element lists to be
output for both the fluid and structure at the
fluid-structure interface

• Note that many of the options can also be specified as
parameters

• Example - param,acysm,no
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POSTPROCESS RESULT, FLFSEL

• FLFSEL (Case Control)
can be used to control
the output frequencies
and modes

LMODESFL Integer
0

defines the number of acoustic modes to be
used in modal reduction. If 0, the retained
modes are determined by parameters
LFREQFL and HFREQFL

LMODES Integer
0

defines the number of structural modes to be
used in modal reduction. If 0, the retained
modes are determined by parameters LFREQ
and HFREQ

FLUIDSE Integer
0

defines a specified superelement to be used
for fluids only

LFREQFL Real
0.0

lower frequency bound on acoustic modes to
be retained

HFREQFL Real
1.E+30

upper frequency bound on acoustic modes to
be retained

LFREQ Real
0.0

lower frequency bound on structural modes to
be retained

HFREQ Real
1.E+30

Upper frequency bound on structural modes to
be retained

• Note that many of the options can also be specified as
parameters

• Example - param,lfreq,0.1
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OUTPUT REQUESTS, POSTPROCESSING

• Acoustic power is the output of the power radiated from the wetted surface.

– Developed for exterior acoustic, but is also available for interior acoustics.

– There need to be a dissipation (damping) in the cavity in order for the ACPOWER to
have non-zero values.

– For exterior acoustic, all energy radiated to exterior will be dissipated (no reflections)

Example

ACPOWER(SORT1,PRINT,CSV=50)=ALL
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POSTPROCESSING - LIMIT AMOUNT OF OUTPUT
• Result files may be very large in a freguency response analysis.

• The following output request can generate tremendous amount of output:

– Deflections (that is, the deformed shape for all grids (or significant part of the model)

– Mode, panel, or grid participation factors (see Section on Acoustic Panel Participation
Factors)

– Element strain, stress, or strain energy output.

• Often, this output is only required for a few discrete frequencies, even though other
responses maye be requested for a broader frequency range.

• Use the OFREQUENCY (or OFREQ) Case Control Command for these cases.

• With OFREQ=set_i, only these frequencies are output for the referenced subcase

Example:

SUBCASE =1

SET 100= 10.4, 48.0, 256.3

OFREQ=100

DISP(PLOT,SORT1,REAL)=ALL

• In example above, the displacements are written to the op2 only for freqs 10.4, 48.,
and 256.3 Hz

• Or simply reduced the frequencies specified on the FREQi entry
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DAMPING
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FLUID DAMPING

• Direct damping (proportional to the fluid stiffness)

• Modal damping for the fluid modes.

• Following are new fluid damping commands.

Fluid Structural Equivalent Description of Fluid Entry

Case Control

SDAMPING(FLUID)=n SDAMPING Points to a TABDMP1 Bulk Data entry
which is used to specify modal damping for
fluid modes.

Bulk Data

PARAM GFL PARAM G Specifies overall damping applied to the K
matrix of the fluid.

PARAM W3FL PARAM W3 Required for PARAM,GFL to be effective in
transient response. W3FL is typically the
dominant frequency of the fluid part at
which damping is active.

MAT10 “GE” Field MAT1 “GE” Field Specifies fluid element damping coefficient.
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FLUID DAMPING

Fluid Structural Equivalent Description of Fluid Entry

PARAM W4FL PARAM W4 Required for “GE” on MAT10 entry to be
effective in transient response. W4FL is
typically the dominant frequency of the fluid
part at which damping is active.

PARAM LMODESFL PARAM LMODES Specifies the number of lowest fluid modes
to be used in the modal response. The
retained fluid modes are determined by
PARAM,LFREQFL and PARAM,
HFREQFL. Used with SDAMPING.

PARAM LFREQFL
PARAM HFREQFL

PARAM LFREQ
PARAM HFREQ

Specifies the frequency range in cycles per
unit time and the fluid modes to be used in
modal response. Used with SDAMPING.

PARAM KDAMPFL PARAM KDAMP Allows viscous modal fluid damping to be
entered into the complex fluid stiffness
matrix.

• Cannot be used as design variables in optimization analysis.



NAS115, Section 2, September 2013
Copyright© 2013 MSC.Software Corporation S2 - 86

FLUID DAMPING EXAMPLE (PROB4A.DAT)

• The model consists of a simple car-body structure enclosing the fluid
cavity.

• The fluid cavity consists of the air, dash, and seat.

• The structure consists of the frame, glass and dampers

• An excitation is applied to the roof of the car to simulate a noise external to
the car.
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FLUID DAMPING EXAMPLE (CONT.)
• The fluid and structural damping elements are shown below:

• The frame and glass structure elements are shown below:
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FLUID DAMPING EXAMPLE (CONT.)
• Fluid grid 2001 is selected for XY plotting of undamped pressure versus

frequency.
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FLUID DAMPING EXAMPLE (CONT.)

• From this curve, 220 Hz. seems a likely point for investigation of potential
for noise reduction.
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FLUID DAMPING EXAMPLE (CONT.)

• Add fluid, dash, and seat fluid damping to see it's effect on the pressure
distribution at 220 Hz.

• Also, vary the values of the structural dampers to see their effect.
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FLUID DAMPING EXAMPLE (CONT.)
• The seats are modeled as a heavily damped fluid body by specifying a large

value for "GE" in the sixth field of the MAT10 entry.

• The figure below shows the acoustic response, in decibels, of a point near
the top of the seat for the model with and without the additional damping of
the seats.
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OUTPUT REQUESTS, POSTPROCESSING

The following information is available for postprocessing:

• Pressure values is obtained with the DISP=n or PRESS=n commands in the
Case Control.

• Particle velocity is obtained using FORCE=n or commands in the Case
Control. FLUX=n

• RMS sound pressure level. The user requests this data by using
PARAM,ACOUT,RMS

• Sound pressure level in dB and dBA is available when the user provides the
reference pressure in PARAM,PREFDB.

• Participation Factor Output

– See section on Participation Factor
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WORKSHOP 3
VEHICLE INTERIOR ACOUSTICS
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SECTION 3

Acoustic Participation Factors
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DEFINITION OF PARTICIPATION FACTORS

• Participation factors describe the contribution of one single effect
to the response considered.

• If the system is linear, the total response is the sum of the
contributions of the single effects.
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PARTICIPATION FACTORS CASE CONTROL COMMANDS

• PFMODE
– Controls computation and output of all types of modal participation factors

• PFPANEL
– Controls computation and output of panel participation factors

• Panels define logical groups of elements
– Ptype property ID

– Element ID list

– Gridpoint ID list

• PFGRID
– Controls computation and output of grid participation factors
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• PFMode(Structure) & MCFraction

• Each term is the response MPF

• If the system is linear, the total response is the sum of the
contributions of the single effects.

EQUATIONS

   
j

kjijki fqφfu ~~Φqu

 kjij fq~
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• Coupled interior acoustics

• A (area) coupling matrix – struct-dof x fluid-dof

• Pf is acoustic source (ie: flow accel ) – SLOAD or
ACSRCE

• Interior acoustic equation

EQUATIONS – FLUID-STRUCTURE
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TYPES
E

ff
e
c
t

Response

Structural
Displacements

Acoustic Pressure

Modes Structural Mode Acoustic Fluid Mode
Acoustic Structural Mode

Geometry Acoustic Panel
Acoustic Grid

Load Acoustic Load
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MODE PARTICIPATION FACTORS

• Structural Mode
Participation Factors
indicate the contribution of
the structural modes to the
structural displacement.

• Acoustic Fluid Mode
Participation Factors
indicate the contribution of
the fluid modes to the
acoustic pressure.

• Acoustic Structural Mode
Participation Factors
indicate the contribution of
the structural modes to the
acoustic pressure.

p
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GEOMETRIC PARTICIPATION FACTORS

p

• Panel participation factors
to the acoustic response
– Describe the contribution of

different structural regions of
the fluid-structure interface to
the acoustic pressure.

• Panel participation factors
to the structure response
– Describe the contribution of

different acoustic regions of
the fluid-structure interface to
the structure response.

s
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GEOMETRIC PARTICIPATION FACTORS (CONT.)

• Grid participation factors
describe the contribution of
the different structural
grids in the fluid-structure
interface to the acoustic
pressure.

pp
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LOAD PARTICIPATION FACTORS

•Load Participation Factors
indicate the contribution of
an acoustic source to the
acoustic pressure.

•This is the pressure due to
the acoustic source in a rigid
cavity.

pp
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REPRESENTATION

• R = Response

• a = Phase of Response

• Pn = Participation Factor

• f = Phase relative to
Response

• Pp
n = Projected

Participation Factor

• Pn / R = Normalized
Participation Factor

• Pp
n / |R| = Normalized

Projection

a
f

RPn

Pp
n

Re

Im
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SOLUTION SEQUENCES

108 111

PFMODE

PFPANEL PFPANEL

PFGRID PFGRID
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THE PFMODE COMMAND
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PFMODE COMMAND: RESPONSE SELECTION

STRUCTURE selects structural
displacements.

FLUID selects acoustic
pressure.

Select set with response
degrees of freedom

Select set with excitation
frequencies
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PFMODE COMMAND: MODE SELECTION

Select all, first mf

or no fluid modes
Select all, first ms or
no structural modes
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PFMODE COMMAND: PANEL MODE

Select Structural
Modes

Select Set of Panels
or all Panels
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PFMODE COMMAND: PUNCH FILE REQUESTS

Punch File Format:
Real/Imaginary or
Magnitude/Phase

List of Items to be
punched (see next

page)
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PFMODE COMMAND: LIST OF ITEMS

Identifier Description

RESPONSE Participation Factor P

PROJECTION Projected Participation Factor Pp

FRACTION Normalized Projection Pp/|R|

SCALED Pp divided by Largest Magnitude of
all Pp

MODEDISP Real and Imaginary Part of P

MODERESP Magnitude and Relative Phase of P
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PFMODE COMMAND: SORTING

Item to be used for
Sorting (cf. List of Items)

Sort Option
(see next page)



NAS115, Section 3, September 2013
Copyright© 2013 MSC.Software Corporation S3 - 20

PFMODE COMMAND: SORT OPTIONS

Option Description

ABSA Absolute Value in Ascending Order

ABSD Absolute Value in Descending Order

ALGA Algebraic Value in Ascending Order

ALGD Algebraic Value in Descending Order
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PFMODE COMMAND: FILTERING

Participation factors are
output only if the response

is larger than 10-ipower.

Only participation factors
with normalized projection

> fratio are output.
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PFMODE COMMAND: EXAMPLES

SET 20 = 25/T3, 33/T3
PFMODE(STRUCTURE, STRUCTMP=ALL, SORT=ABSD) = 20

Compute Structural Mode Participation Factors
for z-Translations at Grid Points 25 and 33

SET 20 = 11217
SET 90 = 25., 30., 35.
PFMODE(FLUID, STRUCTMP=ALL, FLUIDMP=ALL,

SORT=ABSD, SOLUTION=90) = 20

Compute Acoustic Structural and Fluid Mode
Participation Factors for Pressure at Grid Point 11217
for excitation frequencies 25Hz, 30Hz and 35Hz
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THE PFPANEL COMMAND

• General Format
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PFPANEL COMMAND: RESPONSE TYPE

• Keyword description

Request MPFs output of
structure grids

Request MPFs
output of fluid

grids
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PFPANEL COMMAND: RESPONSE SELECTION

• Keyword description

Select set with response
degrees of freedom

Select set with excitation
frequencies
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PFPANEL COMMAND: PANEL SELECTION

• Keyword description

Select Set of Panels
or all Panels
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PFPANEL COMMAND: PUNCH FILE REQUESTS

• Keyword description

Punch File
Format:

Real/Imaginary or
Magnitude/Phase

List of Items to be punched (see
PFMODE Command)
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PFPANEL COMMAND: SORTING

• Keyword description

Sort Option (see
PFMODE Command)

Item to be used for
Sorting (cf. List of Items)
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PFPANEL COMMAND: FILTERING

• Keyword description

Only participation factors with
normalized projection > fratio

are output.

Participation factors are output
only if the response is larger

than 10-ipower.
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PFPANEL COMMAND: EXAMPLE

SET 20 = 11217
SET 90 = 25., 30., 35.
PFPANEL (SOLUTION=90, SORT=ABSD) = 20

Compute Panel Participation Factors for Pressure at
Grid Point 11217 for excitation frequencies 25Hz,
30Hz and 35Hz
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THE PFGRID COMMAND
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PFGRID COMMAND: RESPONSE SELECTION

Select set with excitation
frequencies

Select set with response
degrees of freedom
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PFGRID COMMAND: GRID POINT SELECTION

Select set of Grid Points
or all Grid Points
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PFGRID COMMAND: OUTPUT FORMAT

Output Format: Real/Imaginary Part or
Magnitude/Phase of Normalized Grid

Participation Factors
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PFGRID COMMAND: EXAMPLE

SET 20 = 11217
SET 90 = 25., 30., 35.
PFGRID (PLOT, SOLUTION=90) = 20

Compute Grid Participation Factors for Pressure at
Grid Point 11217 for excitation frequencies 25Hz,
30Hz and 35Hz
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PANEL DEFINITION

• Panels can be defined using grid point sets, element
sets or property sets.

• Grid point sets are defined using SET1 or SET3 bulk
data entries.

• Element and property sets are defined using SET3 bulk
data entries:
– Descriptor "ELEM" indicates an element set.

– Descriptor "PROP" indicates a property set.
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PANEL DEFINITION: EXAMPLE

SET3, 120, ELEM, 104, THRU 110
SET3, 130, PROP, 1, 2
PANEL, PANEL1, 120, PANEL2, 130

Panel PANEL1 consists of elements 104 to 110.

Panel PANEL2 consists of all elements with property
identifier 1 or 2.
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OUTPUT FORMAT

• The printed output of mode and panel participation factors is
similar to the printed output obtained with the MCFRACTION
command used in the Modal Frequency Response, Modal
Transient Response, & Modal Complex Response

• The printed output of grid participation factors is similar to the
output of displacements.
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OUTPUT FORMAT

• The printed output of mode and panel participation
factors is similar to the printed output obtained
with the MCFRACTION command

– Excessive file size is easily obtained

• The printed output of grid participation factors is
similar to the output of displacements
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MODE PARTICIPATION FACTOR OUTPUT

A C O U S T I C S T R U C T U R E M O D A L P A R T I C I P A T I O N F A C T O R S

GRID POINT = 11217, TOTAL RESPONSE (R/I) = -1.48382E-01 / 4.54827E-02, (M/P) = 1.55196E-01 / 162.96

LOAD FREQUENCY = 3.70248E+01, (SUBCASE 1, DLOAD = 200)

MAXIMUM MODAL RESP = 1.49945E-01 FOR MODE ID = 7, SORTKEY = FRACTION, SORT = ABS VALUE DESCENDING, FILTER = 1.00000E-03

MODE NATURAL MODAL RESPONSE MODAL RESPONSE PROJECTION REL. MODAL SCALED RESPONSE

ID FREQ (HZ) REAL IMAGINARY MAGNITUDE PHASE MAGNITUDE PHASE FRACTION MAGNITUDE

7 3.72109E+01 -1.39853E-01 5.40776E-02 1.49945E-01 158.86 1.49561E-01 -4.10 9.63689E-01 9.97442E-01

3 4.39822E-05 -2.32498E-02 1.01341E-04 2.32501E-02 179.75 2.22587E-02 16.79 1.43423E-01 1.48446E-01

15 8.55370E+01 1.32441E-02 -1.87084E-03 1.33756E-02 351.96 -1.32108E-02 189.00 -8.51234E-02 -8.81048E-02

14 8.21214E+01 1.01071E-02 -3.14886E-03 1.05863E-02 342.70 -1.05861E-02 179.74 -6.82113E-02 -7.06004E-02

5 8.39858E-05 -6.39700E-03 2.32039E-05 6.39704E-03 179.79 6.12292E-03 16.83 3.94528E-02 4.08346E-02

9 6.72277E+01 -5.58743E-03 -1.82762E-03 5.87874E-03 198.11 4.80649E-03 35.15 3.09704E-02 3.20551E-02

18 1.06001E+02 2.36007E-03 -3.72660E-04 2.38931E-03 351.03 -2.36566E-03 188.07 -1.52430E-02 -1.57769E-02

4 4.77127E-05 2.07077E-03 3.64267E-06 2.07077E-03 0.10 -1.97878E-03 -162.86 -1.27502E-02 -1.31967E-02

a
f

RPn

Pp
n

Re

Im

1 2 3 4 5 6 7 8

1 Real Part of Pn 5 Pp
n

2 Imag. Part of Pn 6 f

3 Magnitude of Pn 7 Pp
n / |R|

4 Phase of Pn 8 Pp
n / max|Pn|



NAS115, Section 3, September 2013
Copyright© 2013 MSC.Software Corporation S3 - 41

PANEL PARTICIPATION FACTOR OUTPUT

A C O U S T I C P A N E L P A R T I C I P A T I O N F A C T O R S

GRID POINT = 11217, TOTAL RESPONSE (R/I) = -1.48382E-01 / 4.54827E-02, (M/P) = 1.55196E-01 / 162.96

LOAD FREQUENCY = 3.70248E+01, (SUBCASE 1, DLOAD = 200)

MAXIMUM PANEL RESP = 1.60744E-01 FOR PANEL = REAR , SORTKEY = FRACTION, SORT = ABS VALUE DESCENDING, FILTER = 1.00000E-03

PANEL NAME PANEL RESPONSE PANEL RESPONSE PROJECTION REL. PANEL SCALED RESPONSE

REAL IMAGINARY MAGNITUDE PHASE MAGNITUDE PHASE FRACTION MAGNITUDE

REAR -1.52091E-01 5.20276E-02 1.60744E-01 161.12 1.60661E-01 -1.84 1.03521E+00 9.99482E-01

BOTTOM -1.28920E-01 5.65755E-05 1.28920E-01 179.97 1.23276E-01 17.02 7.94325E-01 7.66911E-01

TOP 6.44526E-02 3.64824E-04 6.44536E-02 0.32 -6.15157E-02 -162.63 -3.96374E-01 -3.82694E-01

FRONT 4.43994E-02 7.87691E-03 4.50927E-02 10.06 -4.01415E-02 -152.90 -2.58649E-01 -2.49723E-01

RIGHT 1.47896E-02 -6.90789E-03 1.63234E-02 334.96 -1.61647E-02 172.01 -1.04157E-01 -1.00562E-01

LEFT 1.47889E-02 -6.90798E-03 1.63228E-02 334.96 -1.61641E-02 172.00 -1.04152E-01 -1.00558E-01

a
f

RPn

Pp
n

Re

Im

1 2 3 4 5 6 7 8

1 Real Part of Pn 5 Pp
n

2 Imag. Part of Pn 6 f

3 Magnitude of Pn 7 Pp
n / |R|

4 Phase of Pn 8 Pp
n / max|Pn|
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GRID PARTICIPATION FACTOR OUTPUT

00
FREQUENCY = 3.707886E+01, FLUID GRID POINT = 11217
N O R M A L I Z E D G R I D P A R T I C I P A T I O N F A C T O R S

(REAL/IMAGINARY)

POINT ID. TYPE T1 T2 T3 R1 R2 R3
0 1 G -1.227388E-03 -7.835577E-06 3.192602E-03 5.298424E-08 -1.137150E-06 3.031731E-08

-1.937030E-04 -3.449941E-07 9.830291E-04 -6.015977E-09 -4.666158E-07 8.107695E-09
0 2 G -2.451404E-03 -4.157740E-16 6.398413E-03 6.321835E-15 -3.375352E-06 -2.460994E-15

-3.867402E-04 -3.576813E-17 1.967880E-03 -1.602187E-15 -1.208831E-06 -4.439928E-16
0 3 G -2.449937E-03 8.598291E-24 6.398364E-03 -1.616146E-15 -4.257703E-06 -3.839641E-17

-3.863729E-04 9.147064E-25 1.968658E-03 -7.198935E-17 -1.431066E-06 -3.576531E-17
0 4 G -2.449655E-03 -4.416014E-27 6.399379E-03 -2.594894E-19 -4.581274E-06 -2.391980E-19

-3.862857E-04 -1.795742E-27 1.968798E-03 -8.923359E-20 -1.512403E-06 -7.294159E-20
0 5 G -2.449939E-03 6.102095E-24 6.398367E-03 -1.101957E-15 -4.257703E-06 -8.464838E-17

-3.863735E-04 6.598512E-25 1.968659E-03 -4.933439E-17 -1.431066E-06 -7.821964E-17
0 6 G -2.451408E-03 6.493559E-21 6.398419E-03 7.010387E-15 -3.375352E-06 -2.926491E-15

-3.867414E-04 5.486240E-22 1.967883E-03 -1.774349E-15 -1.208831E-06 -5.279344E-16
0 7 G -1.227391E-03 -7.844055E-06 3.192607E-03 5.298349E-08 -1.137149E-06 3.027685E-08

-1.937039E-04 -3.484462E-07 9.830308E-04 -6.016375E-09 -4.666160E-07 8.095050E-09

a
f

RPn

Pp
n

Re

Im
Values printed are Pn / R where Pn is the
pressure at fluid grid point 11217 due to an
acceleration at the corresponding degree
of freedom.
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INTERPRETING GRID PARTICIPATION FACTORS

• Fringe plots of grid participation factors allow to
qualitatively identify the regions that make the largest
contribution

• The values depend on the mesh size. The finer the
mesh, the smaller the value
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EXAMPLE: PROBLEM DESCRIPTION

• Cabin is excited by
four forces at the
corners of the seat.

• Result of interest is
the pressure at the
driver's ear.

• Frequency response
shows that 37Hz is a
critical frequency.
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EXAMPLE: PANEL DEFINITION

Bottom

Top

Front
Rear

Right

Left
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EXAMPLE: INPUT DECK

$ Participation Factor Test Problem: Cabin
$
$ Coupled Modal Frequency Response Analysis
$
$ Participation Factor Example – Cabin
$
$ Illustrates use of
$ o Acoustic Fluid Modal Participation Factors
$ o Acoustic Struct. Modal Part. Factors
$ o Acoustic Panel Part. Factors
$
$ =======================================================
$
SOL 111
DIAG 8
CEND
$
ECHO=SORT(EXCEPT,CBEAM,CQUAD4,CHEXA,CPENTA,GRID)
AUTOSPC(NOZERO) = YES
$
METHOD(STRUCTURE)=1
METHOD(FLUID) =2
$
FREQ = 100
DLOAD = 200
$

Highly recommended to ALWAYS
separately define METHODs for
FLUID and STRUCTURE
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EXAMPLE: INPUT DECK (CONT.)

SET 1 = 11217
SET 20 = 11217
SET 90 = 37.
$
DISP(PHAS) = 1
$
PFMODE(FLUID, STRUCTMP=ALL, FLUIDMP=ALL,

SOLUTION=90, SORT=ABSD) = 20
PFPANEL(SOLUTION=90, SORT=ABSD) = 20
$
OUTPUT(XYPLOT)

XPAPER=29.
YPAPER=21.
XGRID=YES
YGRID=YES
XTITLE = Frequency
YTITLE = Pressure
XYPLOT DISP RESPONSE / 11217(T1)

$
BEGIN BULK
$
$ Request OP2 for PATRAN
PARAM, POST, -1
$
$ Define Structural Damping
PARAM, G, 0.02
$
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EXAMPLE: INPUT DECK (CONT.)

$ Define Fluid Damping
PARAM, GFL, 0.002
$
$ Define Reference Pressure for dB (in Pa)
PARAM, PREFDB, 2.8284-5
$
PARAM, GRDPNT, 0 $ Request Weight Output
$
$ Structural and Acoustic Modes up to 300Hz
EIGRL, 1,,300.
EIGRL, 2,,300.
$
$ Frequency Range: 25Hz to 100Hz by Steps of 5Hz
FREQ1, 100, 25., 5., 15
$ Additional Frequencies around Resonance Frequencies
FREQ4, 100, 25., 100., 0.01, 5
$
$ Excitation Forces
RLOAD1, 200, 210,,, 220
DAREA, 210, 1, 3, 1., 7, 3, 1.
DAREA, 210, 29, 3, 1., 35, 3, 1.
TABLED1, 220 , 0., 1., 1000., 1., ENDT
$



NAS115, Section 3, September 2013
Copyright© 2013 MSC.Software Corporation S3 - 49

EXAMPLE: INPUT DECK (CONT.)

$ Nonmatching Fluid-Structure Interface
ACMODL, DIFF
$
$ Include Structural and Acoustic Model
INCLUDE 'cabin_structure.bdf'
INCLUDE 'cabin_fluid.bdf'
$
$ Panels
$
SET3, 101, ELEM, 127, THRU, 162, 667, THRU, 738
SET3, 201, ELEM, 37, THRU, 72, 739, THRU, 810
SET3, 301, ELEM, 331, THRU, 384
SET3, 401, ELEM, 25, THRU, 36, 73, THRU, 126
SET3, 501, ELEM, 271, THRU, 294, 601, THRU, 612
SET3, 601, ELEM, 1, THRU, 24, 455, THRU, 478,

, 497, THRU, 562
$
PANEL, LEFT, 101, RIGHT , 201, FRONT, 301, REAR, 401
PANEL, TOP , 501, BOTTOM, 601
$
ENDDATA
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EXAMPLE: RESULTS

• Structural Mode #7 is responsible for the peak:

– Modal fraction is close to 1.

– Relative phase is close to 0.

– Natural frequency is close to excitation frequency.

A C O U S T I C S T R U C T U R E M O D A L P A R T I C I P A T I O N F A C T O R S

GRID POINT = 11217, TOTAL RESPONSE (R/I) = -1.48382E-01 / 4.54827E-02, (M/P) = 1.55196E-01 / 162.96

LOAD FREQUENCY = 3.70248E+01, (SUBCASE 1, DLOAD = 200)

MAXIMUM MODAL RESP = 1.49945E-01 FOR MODE ID = 7, SORTKEY = FRACTION, SORT = ABS VALUE DESCENDING, FILTER = 1.00000E-03

MODE NATURAL MODAL RESPONSE MODAL RESPONSE PROJECTION REL. MODAL SCALED RESPONSE

ID FREQ (HZ) REAL IMAGINARY MAGNITUDE PHASE MAGNITUDE PHASE FRACTION MAGNITUDE

7 3.72109E+01 -1.39853E-01 5.40776E-02 1.49945E-01 158.86 1.49561E-01 -4.10 9.63689E-01 9.97442E-01

3 4.39822E-05 -2.32498E-02 1.01341E-04 2.32501E-02 179.75 2.22587E-02 16.79 1.43423E-01 1.48446E-01

15 8.55370E+01 1.32441E-02 -1.87084E-03 1.33756E-02 351.96 -1.32108E-02 189.00 -8.51234E-02 -8.81048E-02

14 8.21214E+01 1.01071E-02 -3.14886E-03 1.05863E-02 342.70 -1.05861E-02 179.74 -6.82113E-02 -7.06004E-02

5 8.39858E-05 -6.39700E-03 2.32039E-05 6.39704E-03 179.79 6.12292E-03 16.83 3.94528E-02 4.08346E-02

9 6.72277E+01 -5.58743E-03 -1.82762E-03 5.87874E-03 198.11 4.80649E-03 35.15 3.09704E-02 3.20551E-02

18 1.06001E+02 2.36007E-03 -3.72660E-04 2.38931E-03 351.03 -2.36566E-03 188.07 -1.52430E-02 -1.57769E-02

4 4.77127E-05 2.07077E-03 3.64267E-06 2.07077E-03 0.10 -1.97878E-03 -162.86 -1.27502E-02 -1.31967E-02
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EXAMPLE: RESULTS (CONT.)

• Largest contribution is from panel REAR.

• Contribution from panels REAR and BOTTOM is
in phase with response.

• Contribution of remaining panels is out of phase
with response.

A C O U S T I C P A N E L P A R T I C I P A T I O N F A C T O R S

GRID POINT = 11217, TOTAL RESPONSE (R/I) = -1.48382E-01 / 4.54827E-02, (M/P) = 1.55196E-01 / 162.96

LOAD FREQUENCY = 3.70248E+01, (SUBCASE 1, DLOAD = 200)

MAXIMUM PANEL RESP = 1.60744E-01 FOR PANEL = REAR , SORTKEY = FRACTION, SORT = ABS VALUE DESCENDING, FILTER = 1.00000E-03

PANEL NAME PANEL RESPONSE PANEL RESPONSE PROJECTION REL. PANEL SCALED RESPONSE

REAL IMAGINARY MAGNITUDE PHASE MAGNITUDE PHASE FRACTION MAGNITUDE

REAR -1.52091E-01 5.20276E-02 1.60744E-01 161.12 1.60661E-01 -1.84 1.03521E+00 9.99482E-01

BOTTOM -1.28920E-01 5.65755E-05 1.28920E-01 179.97 1.23276E-01 17.02 7.94325E-01 7.66911E-01

TOP 6.44526E-02 3.64824E-04 6.44536E-02 0.32 -6.15157E-02 -162.63 -3.96374E-01 -3.82694E-01

FRONT 4.43994E-02 7.87691E-03 4.50927E-02 10.06 -4.01415E-02 -152.90 -2.58649E-01 -2.49723E-01

RIGHT 1.47896E-02 -6.90789E-03 1.63234E-02 334.96 -1.61647E-02 172.01 -1.04157E-01 -1.00562E-01

LEFT 1.47889E-02 -6.90798E-03 1.63228E-02 334.96 -1.61641E-02 172.00 -1.04152E-01 -1.00558E-01
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WORKSHOP 4
ACOUSTIC PARTICIPATION FACTORS
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SECTION 4

Acoustic Absorbers & Barriers
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WHAT ARE ACOUSTIC ABSORBERS OR BARRIERS?

• Absorbers

– Material that absorbs sound pressure level. The acoustic wave is not
transmitted through the absorber material

• Barriers

– Reduce sound transmission.

– Transmission loss per ASTM

• TL = 20 log ( Pi/Pt )

• Pi and Pt are the incident and transmitted pressures
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WHY DO WE NEED ACOUSTIC ABSORBERS OR BARRIERS?

• Why not use structure elements with damping?

– Some materials absorb acoustic energy, but is not designed for structural
purposes.

• Some examples of absorbers

– Car seats

– Car interior trim

– Ski cabin Interior trim

– Foam

– etc.

• Some examples of barriers

– Engine fire wall in a car

– Interior walls in the house

– etc.
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ACOUSTIC ABSORBERS AND BARRIERS

• MSC Nastran has 4 different types of absorber/barrier elements

– Solid acoustic absorber

• CHACAB

– Frequency-dependent surface acoustic absorber

• CAABSF

– Frequency–dependent rigid porous absorber

• PSOLID (FCTN=FFLUID)

– Solid acoustic barrier

• CHACBR
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• CHACAB
– Hexahedral element

– Faces separated by > NORMAL (see ACMODL entry)

– Converted to an equivalent mass/spring/damper system

• CAABSF
– Shell element attached to fluid boundary (can reduced down to line and

point)

– Massless absorber

– Resistance and reactance specified as frequency-dependent tables

• Rigid Porous Absorber
– Triggered by FCTN=FFLUID on PSOLID entry

• CHACBR
– Hexahedral element

– “sandwich” construction
• 2 masses separated by spring

• “tuned barrier”

ACOUSTIC ABSORBERS AND BARRIERS
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SOUND ABSORPTION

• Industry tests to determine absorption material properties:

– Impedance and Absorption of Acoustic Materials by the Tube Method.

– Transmissibility

• MSC NASTRAN elements that approximate the above:

– Absorbers

• CHACAB, hexagonal acoustic absorber

• CAABSF, frequency dependent acoustic absorber

– Barriers

• CHACBR, hexagonal acoustic barrier

– Fluid damping

• SDAMPING(FLUID)

• PARAMs GFL, W3FL, W4FL, and KDAMP

• MAT10, GE field
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ACOUSTIC ABSORPTION

• Measured Using ASTM Standards Part 14, "Impedance and Absorption of
Acoustic Materials by the Tube Method", ASTM Designation C 384-58, pp.
134.

• The schematic of the test apparatus is shown below:

• Calculates specific acoustic impedance (z):

where:

r = specific normal acoustic resistance

x = specific normal acoustic reactance

ixrz 
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ACOUSTIC ABSORBTION (CONT.)

• Resistance (r) and reactance (x) are calculated from the test results as
follows:

where:

A = coth-1 [log10
-1 (L/20)]

B =

L = Difference in decibels between the maximum and minimum sound
pressure levels in the standing wave pattern

D1 = Distance to the nearest minimum

D2 = Distance from the first minimum to the second

= characteristic acoustic impedance of free air,

= 41.5 cgs units.

)
2

1(
2

1

D
D

c

)coth(/ iBAcz 
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• The figure below shows an example of resistance and reactance curves.
These curves are for instructional purposes only, not for use in actual
analyses.

• To properly check how close you are matching the absorbing qualities of
your material using MSC NASTRAN elements, model the standing wave
tube and calculate your acoustic impedance from MSC NASTRAN results.

Frequency (Hz)

100 500400
-30

-10

0

-20

10

5

-5

-15

-25

0 50 150 200 250 350300 450

Resistance

Reactance

ACOUSTIC ABSORBTION (CONT.)



NAS115, Section 4, September 2013
Copyright© 2013 MSC.Software Corporation S4 - 10

MSC NASTRAN CHACAB ACOUSTIC ABSORBER

• 8 to 16 structural grids

• Two surfaces at least a distance of NORMAL apart (see ACMODL)

• Points to PACABS

– Points to 3 TABLEDi entries which contain the following functions of frequency:

• Resistance

• Reactance

• Weighting value
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CHACAB ACOUSTIC ABSORBER ELEMENT CONNECTION
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G18

G6

G17

G4 G12

G1

G11

G8

G19

G7

G2

G9

G5

G20

G10

G3

CHACAB ACOUSTIC ABSORBER ELEMENT CONNECTION (CONT.)
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PACABS ACOUSTIC ABSORBER PROPERTY
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CHACAB (CONT.)

• MSC NASTRAN changes the tabular information into a single mass (M) in
conjunction with a spring (K) and damper (C) in parallel.

• C = Average of resistance table values

• K and M are calculated as a least squares fit to the reactance table curve
using the following equations:

• From equation for structural impedance z = B + i(wM – K/w)

 /KM 

interface
fluid

chacab

structure
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CHACAB (CONT.)

which results in

where:

Wi = weighting table value

Xi = reactance table value

= frequency (rad/sec)
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CHACAB (CONT.)

• Example of how CHACAB element fits test data.

• This may vary and must be checked.

• Adjust weighting factor to match test data for reactance

• Only CHEXA is supported.
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LIMITATIONS OF THE CHACAB

• The CHACAB and CHACBR elements are structural elements and all faces
must be connect to structural points.

• The face on the fluid side should connect to structural grids that have all
degrees of freedom constrained (SPC, SPC1) except the DOF that is normal
to the fluid.

• These grids should coincide with the fluid grids but be separate from them.
If the fluid side of the element attaches directly to fluid points a bad
solution will result with no warning. This can happen when both the
CHACAB or CHACBR element and the fluid points are in the residual.

• Residual vectors due to damping should be turned off to avoid large
number of residual vectors

– RESVEC(NODAMP)=BOTH
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WORKSHOP 5
INTERIOR ACOUSTICS WITH ABSORBERS
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MODELLING OF ABSORPTION

• Plane Absorbers can be used if the thickness of the absorbing
layer is small compared to the wave length

– Locally Reacting Normal Impedance
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PLANE ABSORBERS (CONT)

• Locally Reacting Normal Impedance Boundary Condition is
obtained by :

• The real part of the impedance is called Resistance.

• The imaginary part of the impedance is called Reactance.

• Usually this is a good approximation to describe absorbing
surfaces.

  nVZP 
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ABSORBED ENERGY

• Acoustic energy flowing through the absorbing surface per area
within one period T:

• With Impedance Boundary Condition:

• Absorption is governed by the Resistance only

        
T

nn

T

nabs PV
T

dttiVtiPdtpvW
0

*

0 2
expexp 

  2

2
nabs VZ

T
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IMPEDANCE TUBE

Reflection Coefficient:

Wave Number:

P=P0 P=ZVL

x=0 x=L

 
    

 ikLR

LxikRikx
PxP

2exp1

2expexp
0






LxPPR incidentreflected  at

ck 
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IMPEDANCE TUBE (CONT.)

• At x=L:

• Open End:

• Complete Absorption:

• Rigid End:

 
 
  1
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


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
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00  RcZ 

0,1  LVRZ
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ABSORPTION COEFFICIENT

• Definition:

• Interpretation:

2
1 R

W

WW

incident

reflectedincident 




0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

A
b

s
o

rp
ti

o
n

C
o

e
ff

ic
ie

n
t

Reflection Coefficient

Rigid End

Z

Open End

0Z



NAS115, Section 4, September 2013
Copyright© 2013 MSC.Software Corporation S4 - 25

DISCRETE EQUATION WITH ABSORPTION

• Direct Frequency Response Analysis:

– Inverse Mass Matrix H may have frequency dependent contributions from
reactance (plane absorbers)

– Admittance Matrix A has frequency dependent contributions from resistance
(plane absorbers)

      GPHAQ ii  2
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DISCRETE EQ. WITH ABSORPTION (CONT.)

• Modal Frequency Response Analysis:

The substitution

• gives

where
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ABSORBER BOUNDARY CONDITIONS

• Frequency dependent normal impedance can be defined by using
the CAABSF element

• Connectivity:

G1

G2
G3

G1
G2

G3
G4

G1
G2

G1

EID Element Identification Number

PID Property Identification Number that matches a PAABSF
Entry

Gi 1 to 4 Grid Point Identification Numbers of fluid grids
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PAABSF BULK DATA ENTRY

• Properties:

PID Property Identification Number that matches the PID of the
corresponding CAABSF entry

TZREID Identification Number of a TABLEDi entry that defines the
resistance as a function of frequency

TZIMID Identification Number of a TABLEDi entry that defines the
reactance as a function of frequency

S Impedance Scale Factor (Default = 1.0)

A Area Factor when less than 3 grids are specified on the
CAABSF entry (Default = 1.0)

B Frequency independent resistance

K Frequency independent reactance coefficient

RHOC Constant used to compute absorption coefficient (=c)
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PAABSF BULK DATA ENTRY (CONT.)

• Remarks:

– The resistance used is given by

– The reactance used is given by

– The absorption coefficient is computed from

– Output of the resistance, reactance and the absorption coefficient is
activated by the STRESS Case Control command.

      BfTZREIDASfZR 

        fKfTZIMIDASfZ I 2

 
   22

1

4

cZcZ

cZ

IR

R








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CAABSF EXAMPLE

• Example:

– The resistance linearly decreases from 4000Pa/(m/s) at 0Hz to
3500Pa/(m/s) at 1000Hz

1 2 3 4 5 6 7 8 9

CAABSF 101 1000 1 2 3 4

$ PID TZREID TZIMID S A B K RHOC

PAABSF 1000 1101 411.4

$

TABLED1 1101

0. 4000. 1000. 3500. ENDT
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RIGID POROUS ABSORBER

• Porous material 

– Not completely solid 

– Containing voids or air pockets 

• Porosity is the general parameter that 

defines the degree of openness of the 

material

• The tortuosity coefficient measures the 

complexity of the path an air particle must 

follow to proceed from one point to another

– In a fluid, the particle follows a straight path, in a 

porous media, it needs to follow a tortuous path 

around the solid frame 

• If the porous material is enclosed in a frame 

which is considered as rigid we talk about 

rigid porous absorber
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HOW IS IT MODELED?

• A porous material enclosed in a frame is considered as rigid

• It occurs if, for example, one of the following behaviors is present:

 high skeleton density 

 very large elastic modulus 

 weak fluid structure coupling

• In this condition the porous material can be considered as an 

equivalent fluid with both density and bulk modulus being complex 

frequency dependent parameters

• Documentation

– MD Nastran R2 release guide  
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• In the equivalent fluid approach, the equation of motion reads

where ρe is the equivalent density, Be the equivalent bulk modulus, P the complex pressure amplitude 

and ω the circular excitation frequency.

• It can be shown that

Here, ρ, B and GE are the values of RHO, BULK and GE respectively 

of the MAT10 entry for the porous absorber material while α is the 

normalized admittance coefficient for which a new input field has been 

created in it 

EQUIVALENT FLUID APPROACH

  
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• The equivalent fluid approach leads to an element damping matrix (C) 

that is proportional to the mass matrix (M)

– The coefficient of proportionality is the normalized admittance coefficient 

that is a function of the excitation frequency

• The rigid porous absorber properties are described by complex 

parameters (density and bulk modulus)

– In general, MSC Nastran doesn’t support complex material properties

– Following relationships are used in calculating the equivalent fluid 

properties  and entered on the MAT10 entry

• Mass density

• Bulk modulus

• Structural damping

• The normalized admittance coefficient  

is calculated as

NORMALIZED ADMITTANCE COEFFICIENT

    ee MC  
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• Normalized admittance coefficient must be defined on the MAT10 

entry using a unit circular excitation frequency (ω=1)

– MSC Nastran will internally calculates the value at each excitation 

frequency, using the current circular excitation frequency as scaling factor.

– It allows calculating the new rigid porous absorber damping matrix (C) for 

each excitation frequency loop 

• No additional table is required to define the frequency-dependency 

nature of the rigid porous absorber

RIGID POROUS ABSORBERS

         111 21     f
B

B
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RIGID POROUS ABSORBERS - USER INPUT 

• Bulk Data entries PSOLID and MAT10 are affected by this implementation

– PSOLID entry

• New option FFLUID for the 8th field (FCNT) of the PSOLID card

– MAT10 entry

• No modification has been done in the format of this card and no new options have been added. 

• The only remark that has to be done is relative to the meaning of the 7th field in case of 

frequency dependent rigid porous absorber. 
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• Given the following example properties  

• The corresponding PSOLID and MAT10 entries would look like 

• Note that for rigid porous material, these values may be negative 

EXAMPLE – RIGID POROUS MATERIAL DEFINITION

Material Density () Speed of Sound  (C ) Bulk Modulus (B )

Porous Absorber 3.8663+14.2204i 92.7076+70.2854i -171190+102356i

r

ir
irporous i






22 


r

ir
irporous

B

BB
BiBBB

22 


PSOLID PID MID CORDM IN STRESS ISOP FCTN

PSOLID 10 20 FFLUID

MAT10 MID BULK RHO C GE ALPHA

MAT10 20 -232390 56.1695 -3.678 -0.5979
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RIGID POROUS MATERIAL - EXAMPLE 

• Example

– This example contains:

• Fluid elements

• Rigid Porous Absorber

• Structural QUAD8

• CELASs       
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RIGID POROUS MATERIAL - EXAMPLE 

All Grids IDs                                          



NAS115, Section 4,  September 2013

Copyright© 2013 MSC.Software Corporation S4 - 40

All Element IDs Fluid Elements

• Rigid Porous Element

– GE = 0.02

– Alpha = 0.5

• Structure Elements

(For clarity, not all 

structure elements are 

highlighted) 

RIGID POROUS MATERIAL - EXAMPLE
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RIGID POROUS MATERIAL - EXAMPLE 

• Structural Element IDs • Acoustics Element IDs
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SOL 111 $ MODAL frequency response

$

CEND

$ dynamic load

TITLE= POROUS ELEMENT TEST.                               

SUBTITLE= HEXA 20 POROUS ELEMENT ON THE STRUCTURE PANEL

DLOAD=100

FREQ=200

PARAM, PREFDB,1.0

PARAM,ACOUT,RMS

$

oload(phase)=all

DISP(phase)=ALL

force(phase)=all

SPC =1313

METHOD(struct)=30

METHOD(fluid)=20

.

Begin Bulk

$ 

EIGRL   30      -0.001          50

EIGRL   20      -0.001          20

SAMPLE INPUT – RIGID ABSORBER
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acsrce 100     101                     1001    1.      1.

sload 101     45      15625.

sload 101     46      15625.

sload 101     47      15625.

sload 101     48      15625.

$ the load is (2*pi)^2 *f^2 so when Q is calculated it becomes a constant

$ for all frequencies

TABLED4 1001    0.0     1.0     0.0     1.E6

0.0     0.0     39.478420.0     ENDT

$ FRQUENCY RANGE

FREQ 200 0.1 1. 2. 3. 4.

$THE STRUCTURAL POINTS(AT PLANE Y=0)

GRID    31              0.0     0.0     0.0

.

GRID    38              0.0     0.0     0.5

$

$THE STRUCTURAL ELEMENTS

CQUAD8,100,4444,31,32,33,34,35,36,+

+,37,38

$ STRUCTURAL PROPERTIES

PSHELL  4444    77      .05     77      1.0

MAT1    77      100.            .333    1.000

$

$ FLUID POINTS

GRID    1               0.0     0.0     0.0     -1

.

GRID    63              0.5     0.2     0.5     -1

$

SAMPLE INPUT – RIGID ABSORBER (CONT.)

Acoustic Source
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$ FLUID ELEMENTS

CHEXA,1000,15,1,2,3,4,5,6,+

+,7,8,9,10,11,12,13,14,+

+,15,16,17,18,19,20

CPENTA,2000,25,5,6,7,45,46,47,+

+,17,18,63,53,54,55,57,58,+

+,61

CPENTA,3000,35,5,7,8,45,47,48,+

+,63,19,20,53,55,56,61,59,+

+,60

$ FLUID PROPERTIES

$-------------------------------------------------------------

$  This element is referring to a material card where

$  porocity is defined

PSOLID  15      25                              1       PFLUID

$-------------------------------------------------------------

PSOLID  25      35                              1       PFLUID

PSOLID  35      45                              1       PFLUID

MAT10   25      1.      0.1             .02     0.5

MAT10   35      1.      0.1             .10

MAT10   45      1.      0.1             .20

$

SAMPLE INPUT – RIGID ABSORBER (CONT.)

GE
Alpha, Normalized  

admittance coefficient

•Note that the rest of the input file is similar to what we have   

covered previously 
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.

.

$

CELAS2  1007    .0625   31      2

CELAS2  1008    .0625   32      2

CELAS2  1009    .0625   33      2

CELAS2  1010    .0625   34      2

CELAS2  1011    .0625   35      2

CELAS2  1012    .0625   36      2

CELAS2  1013    .0625   37      2

CELAS2  1014    .0625   38      2

$

$ SPC ALL THE STRUCTRUAL POINTS NOT TO ROTATE ABOUT X OR Z

SPC1    1313    1346    31      THRU    38

$ SPC THE END STRUCT. POINTS NOT TO ROATE ABOUT Y (STATED IN THE PROBLEM)

SPC1,1313,5,31,32,33,34,35,36,+

+,37,38

$

ENDDATA

SAMPLE INPUT – RIGID ABSORBER (CONT.)
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SECTION 5

POROELASTIC MATERIAL (PEM)
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• In Section 4, we talked about rigid porous material

• This section we discuss porous material that can also be elastic 

• Vibroacoustics with poroelastic trim components involves multi-
physics in terms of the solid-fluid interaction on a microscopic level

• Poroelastic materials are widely used in the automotive NVH 
applications for noise suppression 

• Some of the poroelastic trim material technology in Actran are 
implemented in MSC Nastran 2013

• Goal is to include trimmed material in a car body

– Supports SOL 111 and MFREQ for SOL 200 (as a analysis model, not as a 
design model)

• Examples of some trim material applications include

– Carpet and lining in a car or airplane floor

– Dashboard

– Roof lining

– etc.

INTRODUCTION
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• Following pages define some of the commonly used constants in defining 

the trim material

• VISC ( m ) – fluid dynamic viscosity

– It’s a measure of resistance due to friction of fluid moving at different velocities

• GAMMA ( g =  
𝑪𝒑

𝑪𝒗
)

– Fluid ratio of specific heat

where Cp is the specific heat at constant pressure 

Cv is the specific heat at constant volume

• PRANDTL ( PR )

– Fluid Prandtl number

– PR = m
𝐶
𝑝

𝑘
where k is thermal conductivity

SOME COMMON TERMINOLOGY USED WITH TRIM MATERIAL
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• Porosity ( W , POR) 

W = 
𝑽
𝒇

𝑽
𝒕

= 1-
𝑽
𝒔

𝑽
𝒕

where   Vf = volume of fluid

Vs = volume of solid

Vt = total volume

• Tortuosity ( a∞ , TOR )

– Measures the complexity of the path an air particle must follow to proceed 

from one point to another

SOME COMMON TERMINOLOGY USED WITH TRIM MATERIAL (CONT.)
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• Resistivity ( R , AFR )

– Resistant encounters by the fluid as it flow through a porous material.  This is related 

to the viscous interaction forces between the fluid and the solid skeleton

• Viscous Length (Lv , VLE ) 

– Average macroscopic radius of pores as related to the viscous loss

– For characterizing frequency-dependency of flow resistivity

– Can be evaluated by a Kundt tube measurement (see MSC Nastran 2013 Release 

Guide for a Kundt tube example)

• Thermal Length (Lt , TLE )

– Average macroscopic radius of pores as related to the thermal loss

– For characterizing frequency-dependency of bulk modulus

– Can be evaluated by adsorption measurement

• Biot Number

– Coupling coefficient between the solid skeleton and the fluid and is equal to1 for most 

materials

SOME COMMON TERMINOLOGY USED WITH TRIM MATERIAL (CONT.)

Skeleton

Pore

~ 2Lt~ 2Lv
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• Two basic ways of modeling trim material

1. Taped-Over

• Trim component overlap portion of structure and fluid model

• Commonly used with existing fluid/structure model

– Reduce the requirement of modifying existing fluid/structure mode

• TRMC model may encroach on both the structure and fluid cavity space.

– Coupling can be handled with the proper tolerance specifications on the ACMODL 

entry

• Good if TRMCs thickness is much smaller than the dimension of the cavity

MODELING TECHNIQUE
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• Two basic ways of modeling trim material (cont.)

2. Wedged-In

• Trim component model placed in-between structure and fluid model

• TRMC model must fits in the space between the structure and cavity

• Use when fluid/structure model does not exist

• Recommended method if the thickness of the TRMC is the same order of 

magnitude as the dimension of the cavity

• If separation of the structure and fluid is significant, tolerances on the ACMODL 

may need to increase if TRMC is removed

MODELING TECHNIQUE (CONT.)



NAS115, Section 5, September 2013

Copyright© 2013 MSC.Software Corporation S5 - 8

• In MSC Nastran, poroelastic material is modeled with solid 

elements (CHEXA, CTETRA, & CPENTA)

– Both linear and quadratic elements are supported

• New MATPE1 is used to define the poroelastic material properties

– Multi-physics materials that invoke MAT1 and MAT10

MAT1 For the solid/skeleton phase 

MAT10 For the fluid phase

See previous pages for definitions for the TRIM parameters

BASIC REQUIREMENTS FOR DEFINING TRIM MATERIAL
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• A new option (PORO) is added to the FCNT field (field 8) on the 

PSOLID entry for the poroelastic property

– The MID on this entry must call out a MATPE1 entry when the PORO option 

is invoked on the PSOLID entry

• Example

– These trim values used in example 1

BASIC REQUIREMENTS FOR DEFINING TRIM MATERIAL (CONT.)

PSOLID PID MID CORDM IN STRESS ISOP FCTN COROT

PSOLID 5 15 TWO FULL PORO

MATPE1 15 16 17

1.84-8 1.4 .713 .95 1.4 2.5-5 9.32-2 9.32-2
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• Example (cont.)

BASIC REQUIREMENTS FOR DEFINING TRIM MATERIAL (CONT.)

MATPE1 15 16 17

1.84-8 1.4 .713 .95 1.4 2.5-5 9.32-2 9.32-2

MAT1 16 42. 0.0 6.0-7 .05

MAT10 17 1.21-9 342300. .01

Solid skeleton

Fluid
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• All the trim material specifications are defined in a separate bulk 

data section separated by the following delimiter (similar to the 

external acoustics capability

BEGIN BULK TRMC = x

• Trim components are activated by the TRIMGRP Case Control 

Command calling out the appropriate TRMC Bulk Data Sections

sid

TRIMGRP =      ALL

NONE

BASIC REQUIREMENTS FOR DEFINING TRIM MATERIAL (CONT.)
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• An ACPEMCP entry is required to specify the trim component 

interface coupling and constraints definition 

– One ACPEMCP entry for each trim component

• Four coupling option are available 

SGLUED Identifies the grid points ( on the SET1/SET3 entry) of the solid-

phase (and/or structure elements) in the trim component which 

are glued to the structure

SSLIDE Identifies the grid points ( on the SET1/SET3 entry) of the solid-

phase (and/or structure elements) in the trim component which 

can slide on the structure

These two are coupling with the structure

BASIC REQUIREMENTS FOR DEFINING TRIM MATERIAL (CONT.)
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• Four coupling option are available  (cont.)

SOPEN Identifies the grid points ( on the SET1/SET3 entry) of the fluid-

phase elements in the trim component which has an open 

interface with the cavities

SIMPER Identifies the grid points ( on the SET1/SET3 entry) of the solid-

phase (and/or structure volume elements) in the trim component 

which has an impervious interface with the cavities

These two are coupling with the fluid

BASIC REQUIREMENTS FOR DEFINING TRIM MATERIAL (CONT.)
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• Seven Constraints Options

SCUX ID of SET1/SET3 with which grid IDs in the trim 

component TID has zero constrained in translational X 

direction in the CD field

SCUY ID of SET1/SET3 with which grid IDs in the trim 

component TID has zero constrained in translational Y 

direction in the CD field

SCUZ ID of SET1/SET3 with which grid IDs in the trim 

component TID has zero constrained in translational Z 

direction in the CD field

SCRX ID of SET1/SET3 with which grid IDs in the trim 

component TID has zero constrained in rotational X 

direction in the CD field

BASIC REQUIREMENTS FOR DEFINING TRIM MATERIAL (CONT.)
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• Seven Constraints Options (cont.)

SCRY ID of SET1/SET3 with which grid IDs in the trim 

component TID has zero constrained in rotational Y

direction in the CD field

SCRZ ID of SET1/SET3 with which grid IDs in the trim 

component TID has zero constrained in rotational Z

direction in the CD field

SCFP ID of SET1/SET3 with which grid IDs in the trim 

component TID has zero constrained in fluid pressure

The first 6 are for structure, and the last one is for fluid

BASIC REQUIREMENTS FOR DEFINING TRIM MATERIAL (CONT.)
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• Fluid Cavity Coupled with a Foam Layer

EXAMPLE 1

40094

20094

Fluid Cavity

Foam (20mm)

220
350 mm

200
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• Unit load applied at grid 20094

• Interested in acoustic pressure at grid 40094

• Model contains the following trim properties

EXAMPLE 1 (CONT.)

Properties Value

Dynamic Viscosity (m) 1.84E-8

Gamma (g) 1.4

Prandtl Number (PR) 0.713

Porosity ( W , POR ) 0.95

Tortuosity (a∞ , TOR ) 1.40

Resistivity ( R , AFR ) 2.5E-5

Viscous Length (Lv , VLE ) 9.32E-2 mm

Thermal Length (Lt, TLE ) 9.32E-2 mm
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• Fluid Cavity Coupled with a Foam Layer

EXAMPLE 1 (CONT.)

Foam
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• Interface Grids

– Defines by an SET1 or SET3 entry in the BEGIN BULK TRMC section

SET1    104     2851    THRU    3275 

EXAMPLE 1 (CONT.)

FOAM
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INPUT FILE
$

$  pemt4.dat

$

SOL 111

DIAG 8,15,56

$

CEND

$

TITLE    = FOAM (20mm) COUPLED with CAVITY (200mm)

TRIMGRP = 1 $

$

$* CONSTRAINTS

SPC = 1

$

FREQUENCY = 10

DLOAD     = 20

$

METHOD(FLUID) = 100

$*

$* SETS FOR OUTPUT REQUESTS

$ G40094 - center, 80mm away from foam

$ G60094 - center, 160mm away from foam

SET 11 = 40094, 60094     

$*

SUBCASE 1

$DISPLACEMENT(SORT1,PUNCH) = 11

DISPLACEMENT(SORT2) = 11

$*

BEGIN BULK

param,prefdb,2.-5

$

$ For Trim Component 1

$

$-------2-------3-------4-------5-------6-------7-------8-------9

$       TID     SGLUED  SSLIDE  SOPEN   SIMPER

$-------2-------3-------4-------5-------6-------7-------8-------9

ACPEMCP 1                       104

$

PARAM   GRDPNT        -1

PARAM   AUTOSPC      YES

PARAM   COUPMASS       2

$

$ AVOID DIRECT COUPLING BETWEEN PLATE AND CAVITY

$

PARAM   ASCOUP        NO

$

$

FREQ1         10  20.000   1.000     480

$

RLOAD1  20      5                       100

DAREA,5,20094,1,10.2583e9

$*

TABLED1      100                                                        +

+            1.0     1.0  2000.0     1.0    ENDT 

$

EIGRL        100     0.0  1500.0

include 'cavity_350_220_200.bdf' $

$

BEGIN BULK TRMC=1 $  Trim Component 1
$

$

$-------2-------3-------4-------5-------6-------7-------8-------9-------0-

$

PSOLID         5      15 TWO            FULL    PORO 

$

$$------------------------------------------------------------------------

$$                      Material Definition Cards                               

$

$$------------------------------------------------------------------------

$

$-------2-------3-------4-------5-------6-------7-------8-------9-------0-

$MATPE1 MID     MAT1    MAT10   BIOT

$       VISC    GAMMA   PRANDTL POR     TOR     AFR     VLE     TLE 

$-------2-------3-------4-------5-------6-------7-------8-------9-------0-

MATPE1  15 16 17 +

+       1.84-8  1.40    7.13-1  9.5-1   1.40    2.50-5  9.32-2  9.32-2

$

MAT1          16 42.0           0.0     6.0-7                   0.05   

MAT10         17 1.21-9  342300.00.01

$------------------------SETS TRIM------------------

$

SET1    104     2851    THRU    3275 

$-------2-------3-------4-------5-------6-------7-------8-------9-------0---

FREQ1   1       20.     1.      480

include  'foam_350_220_20.bdf'

ENDDATA
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CAVITY 

• Rest of the Cavity File

cavity_350_220_200.bdf

$                                                                               

GRID    20001           0.0     0.0     21.0     -1    

GRID    20002            21.875 0.0     21.0     -1    

GRID    20003            43.75  0.0     21.0     -1

.

.

$                                                                               

CHEXA   20001   5       20001   20002   20019   20018   30001   30002   +AA1    

+AA1    30019   30018                                                           

CHEXA   20002   5       20002   20003   20020   20019   30002   30003   +AA2    

+AA2    30020   30019 

.

.

$-------2-------3-------4-------5-------6-------7-------8-------9-------0-

PSOLID         5       3                                  PFLUID

$

MAT10          3        1.21E-09342300.0        

$
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• Rest of trim component file

foam_350_220_20.bdf

$-------2-------3-------4-------5-------6-------7-------8-------9-------0-

GRID        2001        218.75  137.5   1.0             

GRID        2002        233.3333137.5   1.0   

.

.

$

CHEXA       2001       5    2108    2072    2075    2109    2426    2429+       

+           2428    2427

CHEXA       2002       5    2100    2108    2109    2103    2430    2426+       

+           2427    2431

$

TRIM COMPONENT
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• Typical Pressure Output

OUTPUT
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• Results Comparison (graph from MSC Nastran 2013 Release 

Guide)

RESULTS FOR EXAMPLE 1
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• In this example, the trim material resides between the structure 

(plate) and the fluid cavity

EXAMPLE 2

Fluid

Trim 

Structure
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• Frequency-dependent material will be used for the trim material

• Load is applied at grid 10027 (structure)

• Monitor pressure at grid 20071 (fluid)

EXAMPLE 2 (CONT.)
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• LABEL IDs

EXAMPLE 2 (CONT.)
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• Define TRIM component interface points

ACPEMCP,9267,,1002,,1004

EXAMPLE 2 (CONT.)

SET1,1004,61,THRU,80

SET1,1002,1,THRU,20
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EXAMPLE 2 (CONT.)
$

SOL 111   $

$

CEND $

$

TITLE    = PLATE COATED WITH TRIM AND COUPLED WITH CAVITY

SUBTITLE = FOAM AND HEAVY LAYER

ECHO     = none

$

SUBCASE 1001 $ 

$

SET 10 = 9267

TRIMGRP = 10 $ Trim component(s) is selected thru Case SET

SPC = 1

$

FREQUENCY = 10

$*

DLOAD     = 20

$*

$* MODES EXTRACTION METHOD

METHOD(STRUCTURE) = 99

METHOD(FLUID) = 100

$*

$* SETS FOR OUTPUT REQUESTS

SET 11 = 10027,10028,20071,1,8,74,75

$  gid 1,8 are on str/trmc interface

$  gid 22,23 are on trmc/cavity interface

$*

DISPLACEMENT(trmc=all,sort2,phase) = 11

$

BEGIN BULK  $ Main model of structure and cavity

$param,trmbim,modal

$

PARAM   GRDPNT        -1

PARAM   AUTOSPC      YES

PARAM   COUPMASS       2

param,prefdb,2.-5

$

ACMODL      DIFF   GRIDS    1006             3.0

SET1,1006,20001,THRU,20035

$

$-------2-------3-------4-------5-------6-------7-------8-------9-

$TRMCPL TID     CTYPE   PLTOL   GAPTOL1 GAPTOL2 GAPTOL3 GAPTOL4 

$-------2-------3-------4-------5-------6-------7-------8-------9-

TRMCPL  9267    SSLIDE  0.03 

TRMCPL  9267    SIMPER  0.03

$

$-------2-------3-------4-------5-------6-------7-------8-------9-

$       TID     SGLUED  SSLIDE  SOPEN   SIMPER

$       SCUX    SCUY    SCUZ    SCRX    SCRY    SCRZ    SCFP

$-------2-------3-------4-------5-------6-------7-------8-------9-

ACPEMCP 9267            1002            1004

$

$*  SOLUTION FREQUENCY RANGE

FREQ1         10  20.000   1.000     480

$*

$*  DYNAMIC LOAD DEFINITION

RLOAD1        20     100                     100

DAREA        100   10027       3     1.0

TABLED1      100                                                        +

+            0.0     1.0  1000.0     1.0    ENDT

$*

EIGRL         99     0.0   800.0

$EIGRL        100     0.0   800.0

EIGRL        100                       5

$

$   rest of the noarmal structure and fluid model

.

.

$

$--------------------------------------------------------

BEGIN BULK TRMC 9267  $ Trim component: #1 

$--------------------------------------------------------

$

$-------2-------3-------4-------5-------6-------7-------8-------9-------0

$MATPE1 MID     MAT1    MAT10   BIOT

$       VISC    GAMMA   PRANDTL POR     TOR     AFR     VLE     TLE

$-------2-------3-------4-------5-------6-------7-------8-------9-------0-

MATPE1  1       2       3                                               +

+       1.84-8  1.40    7.13-1  9.5-1   1.4     2.5-5   9.32-2  9.32-2

$

SET1    1002    1       THRU    20 

SET1    1004    61      THRU    80 

$

Coupled to the Structure Part

Coupled to the Fluid Part
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$ Poro-elastic material: Foam 

$-------2-------3-------4-------5-------6-------7-------8-------9-------0-------

PSOLID         4       1                                 PORO

$

$ FOAM: Solid phase

$-------2-------3-------4-------5-------6-------7-------8-------9-------0-------

MAT1     2      42.0            0.0     6.00E-07                0.05    

$ Frequency-dependent isotropic material

$

MATF1   2       11

TABLEM1 11                                                              +

+       20.0    42.0    250. 42.0 500.    45.0    ENDT

$ Foam: Fluid phase

$

$-------2-------3-------4-------5-------6-------7-------8-------9-------0-------

MAT10    3              1.21E-09342300.00.01    

$

$  Master (sampling) frequency range

$  Matching FREQ ID=trimID, otherwise a User FATAL error

$

$-------2-------3-------4-------5-------6-------7-------8-------9-------0-------

FREQ1    9267     20.000  20.000      24

$

$   plus rest of the foam model (grids, CHEXA, etc.)

.

.

$

ENDDATA $

EXAMPLE 2 (CONT.)

Frequency-dependent Material
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• Acoustic Pressure 

– Material with Constant E value vs Frequency-dependent E value

EXAMPLE 2 - OUTPUT
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• Use TRMCPL entry to override default interface tolerances if 

default tolerances are insufficient 

• CTYPE Coupling type (SGLUED, SSLIDE, SOPEN, or SIMPER)

• PLTOL In-plane relative tolerance (default=0.1) 

• GAPTOLi Absolute tolerance.  Grids on surfaces that are 

separated further than GAPTOLi will not be coupled.  

GAPTOL1, GAPTOL2, GAPTOL3, GAPTOL4 will be 

used in succession for checking tolerance 

(default=.01)

INTERFACE TOLERANCE
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• The reduced impedance matrix can be calculated in either the 

direct or modal space

– Controlled by “param,trmbim,x”

where x is either physical (default) or modal

– If data recovery is not needed for the trim material (majority of the case), the 

modal option is more efficient

– For SOL 200, only the physical option is supported

– For SOL 200, the trim component cannot be used as the design model

GENERAL GUIDELINES AND LIMITATIONS
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• FREQ, FREQ1, and/or FREQ2 may be used to specify master 

frequencies for each trim component

– These are frequencies where the impedances are calculated

– FREQ3, FREQ4, & FREQ5 are not supported for this purpose

– The ID referenced on the FREQ, FREQ1, and FREQ2 must be the same as 

the ID specified for the TRMC Bulk Data Section

• The PEM option creates several sub-directories during the course 

of the run as it spawns off and execute Actran to calculate the 

impedance matrices

– actran_report, transfer, zred, etc.

– The above subdirectories should be deleted prior to running the next PEM 

job

GENERAL GUIDELINES AND LIMITATIONS (CONT.)
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GO TO WORKSHOP 6
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SECTION 6

EQUIVALENT RADIATED POWER
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EQUIVALENT RADIATED POWER (ERP)

• What is ERP

– ERP stands for Equivalent Radiated Power

– Simplified method of calculating the radiation due to a collection of panels
across a frequency range

• Why Use ERP?
– ERP calculations provide insight into which panels contribute to an acoustic

response as a function of frequency
– Analyzing the interiors/panels of a vehicle body for its vibration and acoustic

behavior has become an important aspect in vehicle development. Vibration in
the body panels are induced by primary sources of excitation such as engine,
power train, wind noise, and road/tire

– Alternate to performing a full expensive acoustic analysis

– Automotive laser velocity measurement can be directly correlated to maximum
acoustic response

– Laser velocity measurement is cheap and effective

– ERP response is similar to panel participation factors (PFPANEL), but without
the requirement of an acoustic mesh or acoustic analysis.
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EQUIVALENT RADIATED POWER (ERP)

• Applications

– Aircraft

– Automotive

– Trains

– etc.
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where Vn = normal velocity

DS = elemental area

a = 0.5 for frequency response

= 1.0 for transient response

ERPRLF = radiation loss factor

ERPRHO = fluid density

ERPC = speed of sound in fluid

EQUIVALENT RADIATED POWER (ERP)

SVCERP
panel

surf
n   2

;*** ERPCERPRHOERPRLFC 
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where RHOCP = scale factor used in the computation of ERP in
units of dB (default=1.0)

ERPREFDB = peak reference ERP value in units of dB (default
=1.0)

EQUIVALENT RADIATED POWER SOUND PRESSURE LEVEL

)*(10 valueERP
ERPREFDB

RHOCP
LOGERPdB 
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ERP FORMAT- CASE CONTROL

Highlighted items in blue
can also be specified as

PARAMETERS

•Requests ERP panel participation factor



NAS115, Section 6, August 2013
Copyright© 2013 MSC.Software Corporation S6 - 7

ERP FORMAT- CASE CONTROL (CONT.)

• Some useful keywords in the ERP command

• Filter An ERPMAX value smaller than this filter threshold
will not printed. ERPMAX is the maximum ERP value
across all frequencies for a panel.

• If output to a .csv file is desired

– The unit must be specified with the CSV=unit keyword

– An assign statement with the logical key USERFILE and
FORM=FORMATTED must be used

– e.g. , to assign a csv file to unit 50, the assign statement will look something
like

ASSIGN USERFILE = myfile.csv UNIT=50 FORM=FORMATTED STATUS=NEW
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ERP- BULK DATA INPUT

• The ERPPNL Bulk Data entry specifies the panels for the ERP
calculation
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• The ERP calculation is typically requested for a group of elements
defined on a SET3 Bulk Data entry.

SET DEFINITION



NAS115, Section 6, August 2013
Copyright© 2013 MSC.Software Corporation S6 - 10

Example

SET 17 = 10.,20.,30.,40.,80.,100.

SET 25 = ROOF, DOORLF

ERP ( PRINT,PUNCH,SOLUTION=17,KEY=frac ) = 25

The above commands will print and punch the ERP output for the
panels defined under ROOF and DOORLF, and at 10., 20.,30., 40., 80.,
and 100. hz. The output will also be sorted in descending order of the
fractional ERP value as a function of the total ERP value.

ERP CASE CONTROL (CONT.)



NAS115, Section 6, August 2013
Copyright© 2013 MSC.Software Corporation S6 - 11

ERP INPUT- AN EXAMPLE
• CASE CONTROL

ERP(KEY=FREQ,RHOCP=10.0,ERPRHO=10.0,ERPC=10.0,CSV=30) = ALL

• BULK DATA

BEGIN BULK

cord2r,1000,,0.0,0.0,0.0,0.866025,0.0,0.5,

,-0.5,0.0,0.866025

ERPPNL,ERPX0,103,ERPX3,203,erpeid3,303

set3,103,prop,100

set3,203,prop,200

set3,303,element,114,124,134,214,224,234,

,314,324,334

erppnl,nouse1,100,nouse3,200
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ERP INPUT- AN EXAMPLE (CONT.)

• BULK DATA (Cont.)
BEGIN BULK

cord2r,1000,,0.0,0.0,0.0,0.866025,0.0,0.5,

,-0.5,0.0,0.866025

ERPPNL,ERPX0,103,ERPX3,203,erpeid3,303

set3,103,prop,100

set3,203,prop,200

set3,303,element,114,124,134,214,224,234,

,314,324,334

erppnl,nouse1,100,nouse3,200
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REQUEST FOR CSV FILE OUTPUT

• If output to a .csv file is requested, the file must be assigned with logical
key USERFILE and FORM=FORMATTED, e.g.,

• ASSIGN USERFILE = myfile.csv UNIT=50 FORM=FORMATTED
STATUS=NEW

EXAMPLE:

ASSIGN USERFILE='OUTDIR:erp_csv_61.csv',UNIT=61 STATUS=NEW,

FORM=FORMATTED DELETE

ASSIGN USERFILE='OUTDIR:erp_csv_62.csv',UNIT=62 STATUS=NEW,

FORM=FORMATTED DELETE

set 1000 = erpx0,erpeid3

ERP(filter=0.01,csv=61,sort2,

KEY=FREQ,RHOCP=10.0,ERPRHO=10.0,ERPC=10.0) = 1000

set 2000 = erpx3,erpeid3

ERP(filter=0.01,csv=62,sort2,

KEY=FREQ,RHOCP=10.0,ERPRHO=10.0,ERPC=10.0) = 2000
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Subcase 1000

EQUIVALENT
RADIATED POWER IN
PANELS OF QUAD4S

ALL IN 1 SUBCASE

FIRST SUBCASE (1000)
SUBCASE 1000

Equivalent Radiated
Power

ERP ERP ERP Fraction Fraction Fraction ERP(dB) ERP(dB) ERP(dB)

Area 1.00E+01 9.00E+00 1.90E+01 1.00E+01 9.00E+00 1.90E+01 1.00E+01 9.00E+00 1.90E+01

Frequency ERPX0 ERPEID3 ALLP0001 ERPX0 ERPEID3 ALLP0001 ERPX0 ERPEID3 ALLP0001

2.00E+00 3.60E-01 4.22E-01 7.82E-01 1.01E-04 2.91E-04 1.55E-04 5.56E+00 6.25E+00 8.93E+00

4.00E+00 3.67E-02 1.50E-01 1.86E-01 1.02E-05 1.03E-04 3.70E-05 -4.36E+00 1.75E+00 2.71E+00

6.00E+00 9.09E+00 1.10E+01 2.01E+01 2.54E-03 7.58E-03 3.99E-03 1.96E+01 2.04E+01 2.30E+01

8.00E+00 2.70E+00 4.87E-01 3.19E+00 7.54E-04 3.36E-04 6.34E-04 1.43E+01 6.88E+00 1.50E+01

1.00E+01 5.50E+02 2.02E+02 7.52E+02 1.54E-01 1.39E-01 1.49E-01 3.74E+01 3.31E+01 3.88E+01

1.20E+01 2.83E+01 1.47E+01 4.30E+01 7.90E-03 1.01E-02 8.54E-03 2.45E+01 2.17E+01 2.63E+01

1.40E+01 3.58E+03 1.45E+03 5.03E+03 1.00E+00 1.00E+00 1.00E+00 4.55E+01 4.16E+01 4.70E+01

1.60E+01 2.50E+00 2.54E+00 5.04E+00 6.97E-04 1.75E-03 1.00E-03 1.40E+01 1.41E+01 1.70E+01

CSV FILE OUTPUT – SUBCASE 1000
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CSV FILE OUTPUT – SUBCASE 2000

Subcase 2000

EQUIVALENT
RADIATED POWER IN
PANELS OF QUAD4S

ALL IN 1 SUBCASE

TEST SECOND
SUBCASE (2000)
SAME AS FIRST
SUBCASE 2000

Equivalent Radiated
Power

ERP ERP ERP Fraction Fraction Fraction ERP(dB) ERP(dB) ERP(dB)

Area 9.00E+00 9.00E+00 9.00E+00 9.00E+00 9.00E+00 9.00E+00 9.00E+00 9.00E+00 9.00E+00

Frequency ERPX3 ERPEID3 ALLP0002 ERPX3 ERPEID3 ALLP0002 ERPX3 ERPEID3 ALLP0002

2.00E+00 4.22E-01 4.22E-01 4.22E-01 2.91E-04 2.91E-04 2.91E-04 6.25E+00 6.25E+00 6.25E+00

4.00E+00 1.50E-01 1.50E-01 1.50E-01 1.03E-04 1.03E-04 1.03E-04 1.75E+00 1.75E+00 1.75E+00

6.00E+00 1.10E+01 1.10E+01 1.10E+01 7.58E-03 7.58E-03 7.58E-03 2.04E+01 2.04E+01 2.04E+01

8.00E+00 4.87E-01 4.87E-01 4.87E-01 3.36E-04 3.36E-04 3.36E-04 6.88E+00 6.88E+00 6.88E+00

1.00E+01 2.02E+02 2.02E+02 2.02E+02 1.39E-01 1.39E-01 1.39E-01 3.31E+01 3.31E+01 3.31E+01

1.20E+01 1.47E+01 1.47E+01 1.47E+01 1.01E-02 1.01E-02 1.01E-02 2.17E+01 2.17E+01 2.17E+01

1.40E+01 1.45E+03 1.45E+03 1.45E+03 1.00E+00 1.00E+00 1.00E+00 4.16E+01 4.16E+01 4.16E+01

1.60E+01 2.54E+00 2.54E+00 2.54E+00 1.75E-03 1.75E-03 1.75E-03 1.41E+01 1.41E+01 1.41E+01
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ALL IN 1 SUBCASE

0 FIRST SUBCASE (1000) SUBCASE 1000

PANEL = ERPX0 (AREA = 1.000000E+01)

E Q U I V A L E N T R A D I A T E D P O W E R

FILTER : 1.000000E-02

FREQUENCY ERP FRACTION ERP(dB)

1.000000E+01 5.504193E+02 1.536385E-01 3.740694E+01

1.400000E+01 3.582562E+03 1.000000E+00 4.554193E+01

**ERP MAX** 3.582562E+03

1 EQUIVALENT RADIATED POWER IN PANELS OF QUAD4S PAGE 21

ALL IN 1 SUBCASE

0 FIRST SUBCASE (1000) SUBCASE 1000

PANEL = ERPEID3 (AREA = 9.000000E+00)

E Q U I V A L E N T R A D I A T E D P O W E R

FILTER : 1.000000E-02

FREQUENCY ERP FRACTION ERP(dB)

1.000000E+01 2.019561E+02 1.391604E-01 3.305257E+01

1.200000E+01 1.467790E+01 1.011400E-02 2.166664E+01

1.400000E+01 1.451247E+03 1.000000E+00 4.161741E+01

**ERP MAX** 1.451247E+03

1 EQUIVALENT RADIATED POWER IN PANELS OF QUAD4S PAGE 22

ALL IN 1 SUBCASE

0 FIRST SUBCASE (1000) SUBCASE 1000

PANEL = ALLP0001 (AREA = 1.900000E+01)

E Q U I V A L E N T R A D I A T E D P O W E R

FILTER : 1.000000E-02

FREQUENCY ERP FRACTION ERP(dB)

1.000000E+01 7.523754E+02 1.494645E-01 3.876435E+01

1.400000E+01 5.033808E+03 1.000000E+00 4.701897E+01

**ERP MAX** 5.033808E+03

1 EQUIVALENT RADIATED POWER IN PANELS OF QUAD4S PAGE 23

ALL IN 1 SUBCASE

0 TEST SECOND SUBCASE (2000) SAME AS FIRST SUBCASE 2000

PANEL = ERPX3 (AREA = 9.000000E+00)

E Q U I V A L E N T R A D I A T E D P O W E R

FILTER : 1.000000E-02

FREQUENCY ERP FRACTION ERP(dB)

1.000000E+01 2.019561E+02 1.391604E-01 3.305257E+01

1.200000E+01 1.467790E+01 1.011400E-02 2.166664E+01

1.400000E+01 1.451247E+03 1.000000E+00 4.161741E+01

**ERP MAX** 1.451247E+03

PARTIAL F06 OUTPUT FILE
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-1.00E+03

0.00E+00

1.00E+03

2.00E+03

3.00E+03

4.00E+03

5.00E+03

6.00E+03

0.00E+00 2.00E+00 4.00E+00 6.00E+00 8.00E+00 1.00E+01 1.20E+01 1.40E+01 1.60E+01 1.80E+01

E
R

P

Frequency

ERPX0

ERPEID3

ALLP0001

ERP FROM CSV FILE – SUBCASE 1000
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MORE COMPLICATED AUTO EXAMPLE

GRID~350K

SHELL~350K
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ERP-LIMITATIONS

• Supports 3 and 4 node shells only (CQUAD4,
CQUADR, CTRIA3, CTRIAR)

• Use .csv file for plotting

• Superelement-residual only
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WORKSHOP 6
ACOUSTIC RADIATED POWER
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SECTION 7

VIRTUAL MASS
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INTRODUCTION

• Virtual mass is used to model the hydrodynamic effects of
added mass on a structure when it is in contact with inviscid,
incompressible fluids

• The fluid domains, which are not explicitly modelled with a
fluid mesh (hence the term virtual mass), could be

– Finite (e.g. fuel in a tank)

– Infinite (e.g. a ship in the sea)

• A list of wet, or submerged, finite elements define where the
fluid contacts the finite element structure.

• Structural surfaces may be wet either on one side only, or on
both sides (e.g. baffles).

• The entire fluid domain may be composed of several disjoint
regions containing different fluids.



NAS115, Section 7, September 2013
Copyright© 2013 MSC.Software Corporation S7 - 3

INTRODUCTION (CONT.)

• Virtual fluid volume produces a mass matrix

• Fluids coupled directly to structure through the mass matrix.

• Generates very dense mass matrix

• Incompressible fluid

• Full coupling between accelerations and pressures on the flexible
structural interfaces.

• Represents the fluid coupled to a boundary consisting of:

– Structural elements

– Free surfaces

– Planes of symmetry

– Infinite fluids

• One or two wetted sides.

• Supports multiple fluid volumes
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INTRODUCTION (CONT.)

• Supported in all dynamic solutions except cyclic symmetry.

• Only wetted structural elements are defined to have fluid.

• Fluids on interior or exterior surfaces.

• Infinite exterior fluid allowed.

• Free surfaces allowed.

• Gravity effects not included

• No sloshing effects unless phantom boundaries are used.

• Fuel tanks, nuclear fluid containers, drilling platforms, underwater devices,
and ships where fluid dynamics can be ignored.
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ASSUMPTIONS AND RESTRICTIONS

• The fluid is incompressible

• No viscosity effects

• The fluid has uniform density, for example, no immiscible
layers are allowed

• Internal (finite) fluids must have a free surface

• External fluids may or may not have a free surface

• No surface wave effects

• No gravity effects

• Irrotational flow

• No steady flow

• No nonlinear effects
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ASSUMPTIONS AND RESTRICTIONS (CONT.)

• Important frequency range for structural modes is:

– Above the gravity sloshing frequencies

– Below the compressible acoustic frequencies (speed of sound
assumption)

• Density within a volume is constant

• If a free surface is defined, the pressure at the surface is
assumed to be zero.

• The interface between fluid and structure (the wetted surface) is
comprised solely of CQUAD4 or CTRIA3 elements

– If for example a tank is meshed with solid elements, it will be necessary to
coat the wetted surface with a thin layer of plate elements
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Consider an
Infinite fluid

SOME LEGAL CONFIGURATIONS

Fluid
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Empty closed
vessel in an
infinite fluid

SOME LEGAL CONFIGURATIONS

Fluid

Void
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Open
container in
an infinite
fluid

SOME LEGAL CONFIGURATIONS

Fluid
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Consider a

Finite fluid

SOME LEGAL CONFIGURATIONS

Fluid

Free Surface



NAS115, Section 7, September 2013
Copyright© 2013 MSC.Software Corporation S7 - 11

Empty closed
vessel in a
finite fluid

SOME LEGAL CONFIGURATIONS

Fluid

Free Surface

Void
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Partially filled
closed vessel
in a finite fluid

SOME LEGAL CONFIGURATIONS

Fluid

Free Surface

Void

Free Surface

Fluid
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Partially filled
open vessel in
a finite fluid

SOME LEGAL CONFIGURATIONS

Fluid

Free Surface

Free Surface

Fluid
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Closed vessel
with internal
fluid

SOME LEGAL CONFIGURATIONS

Free Surface

Fluid
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Consider an
Infinite fluid

Fluid

SOME ILLEGAL CONFIGURATIONS
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Completely
filled closed
vessel in an
infinite fluid

SOME ILLEGAL CONFIGURATIONS

Fluid

Fluid
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Open
container with
a free surface
in an infinite
fluid

SOME ILLEGAL CONFIGURATIONS

Fluid

Free Surface

Void
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Consider a

Finite fluid

SOME ILLEGAL CONFIGURATIONS

Fluid

Free Surface
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Completely
filled closed
vessel in a
finite fluid

SOME ILLEGAL CONFIGURATIONS

Fluid

Free Surface

Fluid
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Open vessel
with no free
surface

SOME ILLEGAL CONFIGURATIONS

Fluid

Free Surface
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Completely
filled closed
vessel

SOME ILLEGAL CONFIGURATIONS

Fluid
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THE USER INTERFACE
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THE MFLUID ENTRY

• The MFLUID case control command references the MFLUID

bulk data entry, which defines the fluid properties

SOL 103

CEND

DISP=ALL

MFLUID=17

SUBCASE 1

METHOD=12

BEGIN BULK

GRID,52,,5.2,3.4,1.22

...

MFLUID,17,,15.,1.225,22,,N,N

...

• There may be one or more MFLUID bulk data entries

• Only one case control
MFLUID entry is allowed,
above SUBCASE level

• If there is no MFLUID
case control entry
present, no virtual mass
will be calculated
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CID AND ZFS

1 2 3 4 5 6 7 8 9 10

MFLUID SID CID ZFS RHO ELIST1 ELIST2 PLANE1 PLANE2

RMAX FMEXACT

1 2 3 4 5 6 7 8 9 10

MFLUID SID CID ZFS RHO ELIST1 ELIST2 PLANE1 PLANE2

RMAX FMEXACT

• The CID in field 3 allows a coordinate system to be defined,

the Z direction of which is used to locate the free surface of
the fluid. The value of ZFS in field 4 defines the location of

the plane of the free surface which is parallel to the X-Y
plane of the coordinate system defined by CID.

• If CID is left blank, the
basic coordinate
system is used



NAS115, Section 7, September 2013
Copyright© 2013 MSC.Software Corporation S7 - 25

ZFS

• The orientation of CID and ZFS is arbitrary

• If ZFS is left blank, an infinitely large positive value is assumed

Fluid

X

Z ZFS

Fluid

X

Z

ZFS
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ZFS – TO WET OR NOT

• An element that has all of its GRID points on or above the
free surface is not wet (no virtual mass)

• A tolerance is calculated for each wetted element

– TOL = 0.01 * SQRT(2 * A)

– A = area of the element

Area A

x
• If X < TOL for a GRID point,

it is considered to be on the
free surface and no virtual
mass will be calculated for it
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• RHO in field 5 is the fluid density

• The MFLUID entry ELIST fields reference the
wetted elements on ELIST bulk data entries

1 2 3 4 5 6 7 8 9 10

ELIST LID E1 E2 E3 E4 E5 E6 E7

E8 E9 E10 etc.

1 2 3 4 5 6 7 8 9 10

ELIST LID E1 E2 E3 E4 E5 E6 E7

E8 E9 E10 etc.

RHO, ELIST1 AND ELIST2

1 2 3 4 5 6 7 8 9 10

MFLUID SID CID ZFS RHO ELIST1 ELIST2 PLANE1 PLANE2

RMAX FMEXACT

1 2 3 4 5 6 7 8 9 10

MFLUID SID CID ZFS RHO ELIST1 ELIST2 PLANE1 PLANE2

RMAX FMEXACT
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ELIST – CANDIDATES TO BE WET

• Any elements appearing on ELIST entries referenced

by an active MFLUID entry are candidates to be wet
by a fluid

• However, only elements
below the free surface
defined by ZFS are

actually wetted
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PARTIALLY WETTED ELEMENTS

• Geometrically, elements intersected by
the free surface are only partially wetted

• To account for this, the centroids of the
wetted areas are established

Centroid of quadrilateral

Centroid of wetted area

• Mass distribution for a partially wetted element is calculated using
the same principal as static equilibrium among all GRID points of
the element for a concentrated load applied at the centroid of the
wetted area

• Therefore, virtual mass is calculated for all GRID points attached to
the partially wetted element, even those above the free surface
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PARTIALLY WETTED ELEMENTS

• Virtual mass added above the free surface
is mitigated by two effects

• Appropriate element mesh density

– If the finite element mesh in the region of the free
surface is not too coarse, virtual mass added above
the free surface can be minimized

• Free surface pressure

– The pressure at the free surface is zero. It is therefore immediately
obvious that pressures near the free surface are low resulting in lower
relative values of mass for the virtual mass effects from elements near the
free surface – any value of mass added to a GRID point above the free
surface will therefore be of a correspondingly low value
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Baffle

Fluid

ELIST1 AND ELIST2

• If elements are to be wet on one side only, they are added
to an ELIST entry referenced by the ELIST1 field

1 2 3 4 5 6 7 8 9 10

MFLUID SID CID ZFS RHO ELIST1 ELIST2 PLANE1 PLANE2

RMAX FMEXACT

1 2 3 4 5 6 7 8 9 10

MFLUID SID CID ZFS RHO ELIST1 ELIST2 PLANE1 PLANE2

RMAX FMEXACT

MFLUID=1

...

BEGIN BULK

...

MFLUID,1,,20.,1.,11,,N,N

...

ELIST,11,27,43,46

...

ENDDATA
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Baffle

Fluid

ELIST1 AND ELIST2

• If elements are to be wet on both sides by the same fluid
(e.g. a baffle), they are added to an ELIST entry
referenced by the ELIST2 field

1 2 3 4 5 6 7 8 9 10

MFLUID SID CID ZFS RHO ELIST1 ELIST2 PLANE1 PLANE2

RMAX FMEXACT

1 2 3 4 5 6 7 8 9 10

MFLUID SID CID ZFS RHO ELIST1 ELIST2 PLANE1 PLANE2

RMAX FMEXACT

MFLUID=1

...

BEGIN BULK

...

MFLUID,1,,20.,1.,,12,N,N

...

ELIST,12,62,88,82

...

ENDDATA



NAS115, Section 7, September 2013
Copyright© 2013 MSC.Software Corporation S7 - 33

ELIST - WHICH SIDE IS WET?

• The right hand rule is used to determine which
side of the elements on an ELIST entry,
referenced by the ELIST1 field, is wet

1

2

3

4

• The GRID point order gives the
positive normal direction for the
element

• If the id on the ELIST entry is positive,
the element is wet on its positive
normal side

• If the id on the ELIST entry is
negative, the element is wet on the
side opposite the positive normal side
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ELIST

• A fluid may be represented by a single MFLUID bulk data entry
only if a fish can swim from one region of the fluid to another

• If a fish cannot swim from one region to another, multiple
MFLUID entries are needed (no jumping fish allowed!)
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ELIST

• If elements form a barrier between unconnected fluids, they
may appear on two ELIST entries each referenced by
different MFLUID entries

Fluid

Fluid20.0
15.0

MFLUID=1

...

BEGIN BULK

...

MFLUID,1,,20.,1.,11,,N,N

ELIST,11,27,43,46,-58,-59,...

...

MFLUID,1,,15.,1.,12,,N,N

ELIST,12,62,88,82,58,59,...

...

ENDDATA
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MFLUID=1

...

BEGIN BULK

...

MFLUID,1,,20.,1.,11,,N,N

ELIST,11,27,43,46,-58,-59,...

...

MFLUID,1,,15.,1.,12,,N,N

ELIST,12,62,88,82,58,59,...

...

ENDDATA

ELIST

ELIST1 for
ELIST 11

ELIST1 for
ELIST 12

These elements appear
on 2 ELIST entries
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PLANE1 AND PLANE2

• Symmetry and anti-symmetry planes may be defined to reduce
model size.

• Symmetry planes are planes of zero displacement.

• Anti-symmetry planes are planes of zero pressure.

• The free surface is treated exactly like a plane of anti-
symmetry.

1 2 3 4 5 6 7 8 9 10

MFLUID SID CID ZFS RHO ELIST1 ELIST2 PLANE1 PLANE2

RMAX FMEXACT

1 2 3 4 5 6 7 8 9 10

MFLUID SID CID ZFS RHO ELIST1 ELIST2 PLANE1 PLANE2

RMAX FMEXACT
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PLANE1 AND PLANE2

• PLANE1 refers to the X-Z plane of the coordinate system defined by CID

• PLANE2 refers to the Y-Z plane of the coordinate system defined by CID

• PLANE1 and PLANE2 may be defined as S, A or N

• S means the plane will be treated with a symmetry condition

• A means the plane will be treated with an anti-symmetry condition

• N means no symmetry treatment is defined

1 2 3 4 5 6 7 8 9 10

MFLUID SID CID ZFS RHO ELIST1 ELIST2 PLANE1 PLANE2

RMAX FMEXACT

1 2 3 4 5 6 7 8 9 10

MFLUID SID CID ZFS RHO ELIST1 ELIST2 PLANE1 PLANE2

RMAX FMEXACT
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RMAX

• RMAX may be used to limit the distance among elements
for which interactions are calculated.

• If the elements are further away from each other than
RMAX, then no interaction virtual mass terms will be
calculated for these elements. This can speed up the
calculation of the virtual mass matrix and reduced the
density of the final mass matrix.

• The default value is 1.0E+10

1 2 3 4 5 6 7 8 9 10

MFLUID SID CID ZFS RHO ELIST1 ELIST2 PLANE1 PLANE2

RMAX FMEXACT

1 2 3 4 5 6 7 8 9 10

MFLUID SID CID ZFS RHO ELIST1 ELIST2 PLANE1 PLANE2

RMAX FMEXACT
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FMEXACT

• FMEXACT may be used to limit the elements for which
virtual mass terms are calculated using exact integration.

• Exact integration takes around 5 times longer than centre
point integration to calculate the virtual mass terms, but the
pay-off is better accuracy.

• By default a large value is defined (1.0E+15), which
essentially means all terms are calculated using exact
integration.

1 2 3 4 5 6 7 8 9 10

MFLUID SID CID ZFS RHO ELIST1 ELIST2 PLANE1 PLANE2

RMAX FMEXACT

1 2 3 4 5 6 7 8 9 10

MFLUID SID CID ZFS RHO ELIST1 ELIST2 PLANE1 PLANE2

RMAX FMEXACT



NAS115, Section 7, September 2013
Copyright© 2013 MSC.Software Corporation S7 - 41

FMEXACT

• As the distance between elements increases relative to the
cross sectional area of the elements, the relative magnitude of
the virtual mass terms drops off rapidly. This means the
virtual mass terms for distant elements are comparatively
small, and errors in the virtual mass calculation become
decreasingly important.

• Studies suggest that if the distance between elements is
greater than 2 times the square root of the element with the
largest area, errors will be lower than 5%. This corresponds to
an FMEXACT value of 2.0, but its use is left to the discretion of
the user.

1 2 3 4 5 6 7 8 9 10

MFLUID SID CID ZFS RHO ELIST1 ELIST2 PLANE1 PLANE2

RMAX FMEXACT

1 2 3 4 5 6 7 8 9 10

MFLUID SID CID ZFS RHO ELIST1 ELIST2 PLANE1 PLANE2

RMAX FMEXACT
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WARPED QUAD4 ELEMENTS

• If any QUAD4 elements are warped, the element is first
projected onto a mid-plane which is then used for the
virtual mass calculation

• This is a standard procedure for the QUAD4 element
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QUAD4 ASPECT RATIO

• The aspect ratio of QUAD4 elements should be kept below 2:1 to
reduce errors in the virtual mass calculation

• The following graph compares the values of virtual mass in the
X,Y & Z directions with the value obtained from a model using
elements with only aspect ratios of 1.0

1:1 5:1 10:1
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QUAD4 ASPECT RATIO

Virtual Mass
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MFLUID REMARKS

• Several MFLUID entries, each corresponding to a different

fluid volume, may be used simultaneously.

• If there is an ELIST present, and there is no free surface

(ZFS is blank) nor planes of anti-symmetry (PLANE1 &
PLANE2 are either S or N), a special external fluid is
assumed.

• For the special external fluid case, the origin of the
coordinate system on the MFLUID entry must be close to

the center of the enclosed volume.
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EFFICIENCY OPTIONS FOR VIRTUAL MASS

• Virtual Mass generates dense mass matrix

– Modes runs can be expensive for large model

• The VMOPT parameter is a method to include or exclude the virtual mass
effects during the normal mode calculation for the modal dynamic solutions
(i.e., SOLs 103, 110, 108,109,111 and 112)

• For large model using frequency response or transient response

– May consider using the “direct method” (sol 108/109)

– Bypasses the more time consuming normal modes calculation, due to dense and
coupled mass matrix

• Three options to perform virtual mass analysis:

– PARAM,VMOPT,0 (default)

– PARAM,VMOPT,1

– PARAM,VMOPT,2
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EFFICIENCY OPTIONS FOR VIRTUAL MASS
 Param,vmopt,0 (default)

• VM is added before eigenvalue calculation
– Similar to vmopt,1 when component modes are not requested

• Option to perform component modes by specifying qset points on
structure and VM is added afterwards to perform a 2nd eigenvalue
calculation

– Similar to vmopt,2 when component modes are requested
– Autoqset is not supported
– Must request more modes than desired. Higher modes are not

accurate
• GPWG output does not contain fluid mass

 Param,vmopt,1

• VM is added before eigenvalue calculation
• This is the most expensive and accurate option (only practical in testing

academic problems)
• Not feasible for any decent size production model
• GPWG output does contain the virtual fluid mass in mass output.
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EFFICIENCY OPTIONS FOR VIRTUAL MASS
 Param,vmopt,2

• Less expensive, implemented to improve efficiency
• Calculate modes of structure without VM or fluid effects(dry modes)
• Use these modes to form generalized coordinates
• A modal reduction is performed on the structure and the fluid, then

combined.
• 2nd eigenvalue calculation with the VM added (wet modes)
• Both eigenvalue tables are printed, allowing comparison of the dry and

wet modes.
• Only practical method with high VM density (more than several hundred

fluid elements)
• Must request more modes than desired. A general rule-of-thumb is to

double the frequency range of interest. Higher modes are not accurate.
• GPWG output does not contain the virtual fluid mass, but the virtual mass

of the fluid is printed in a separate table.
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EXAMPLE 1

• Tank with fluid and interested in 1st 10 modes

Structure

Fluid

Structure
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EXAMPLE 1
SOL 103

CEND

TITLE = tank with virtual mass - vmopt=0 - no qset

SPC = 1

DISPLACEMENT=ALL

$

subcase 2

method=10

mfluid=5

$

BEGIN BULK

param,vmopt,0

PARAM POST 0

$

cord2r,1,, 5.0,3.5,0, 5.0,3.5,1.0,+

+, 6.0,3.5,0.0

$

mfluid, 5, 1, 4.0, 9.35e-5, 11,, n, n

elist,11, -33,thru,-102, 103,thru,306

$

eigrl,10,,,10

$

SPC1 1 123456 4 8 12 16

$

include 'tank.bdf'

$

ENDDATA

Fluid
Density

Free
Surface
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EXAMPLE 1

• Element Normal (isometric view)

Negative
ELEM IDs on
the ELIST
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EXAMPLE 1

• Element Normal (top view)
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EXAMPLE 1

• Example is run 7 different ways

1. Without fluid – request 10 modes

2. With fluid and using vmopt,1 – request 10 modes

3. With fluid and using default vmopt,0 – request 10
modes

4. With fluid and using default vmopt,0 – request 10
modes and component modes

5. With fluid and using default vmopt,0 – request 50
modes and component modes

6. With fluid and using vmopt,2 – request 10 modes

7. With fluid and using vmopt,2 – request 50 modes



NAS115, Section 7, September 2013
Copyright© 2013 MSC.Software Corporation S7 - 54

EXAMPLE 1

1. Without fluid – request 10 modes

2. With fluid and using vmopt,1 – request 10 modes
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EXAMPLE 1

3. With fluid and using default vmopt,0 – request 10
modes

4. With fluid and using default vmopt,0 – request 10
modes and component modes
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EXAMPLE 1
5. With fluid and using default vmopt,0 – request 50

modes and component modes
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EXAMPLE 1

6. With fluid and using vmopt,2 – request 10 modes
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EXAMPLE 1
7. With fluid and using vmopt,2 – request 50 modes
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EXAMPLE 1

• Vmopt=2 is the recommended method (and only practical option) for
any decent size model

• When using vmopt=2, more modes must be requested to obtain
accurate lower modes

• When using vmopt=0, more modes must be requested to obtain
accurate lower modes if component modes are requested
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MODEL SIZE RESTRICTIONS

• The use of virtual mass creates very dense mass matrix

• Large number of wetted surfaces will require large runtime

• For model with more than 5000 wetted elements, use PARAM,VMOPT,2

• Even PARAM,VMOPT,2 can have performance issues if the number of
wetted elements are too large (> 100,000)
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GPWG OUTPUT

• The GPWG output is not used in any subsequent calculation, it is used
strictly for informational purposes

• The mass may be different in different directions for the MFLUID.

• The mass differences in the three component directions of the fluid
coordinate system is a realistic effect.

• It is a function of the geometry.

• Example A - flat plate immersed completely in a fluid.

– The associated fluid mass is zero for any motion in the plane of the plate.

– Fluid mass is effective for any motion normal to the plate.

• Example B- Coffee cup filled with coffee.

– If you move the cup up and down, the cup will feel the full effect.

– However, if you move it sideway, it doesn’t feel the full effect.
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CAN WE PRINT THE MASS DUE TO THE VIRTUAL MASS?

• Using “param,grdpnt,x” and “param,vmopt,1”, total mass is printed
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• Using “param,grdpnt,x” and “param,vmopt,2”

– Structural mass is printed in the grid point weight generator

– Fluid mass is printed in a separate table

CAN WE PRINT THE MASS DUE TO THE VIRTUAL MASS?
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• Lord Rayleigh, The Theory of Sound, Dover Reprint 1945.

• Rschevkin, S.N., A Course of Lectures on the Theory of Sound, Pergamon
Press, 1963.

• Additional Internal Documents
– MacNeal, R.H., Investigation of Digital Computer Techniques for Hydroelastic

Analysis, MacNeal-Schwendler Corp., Report MS-62, May 1968.
– MacNeal Schwendler Corp., Hydroelastic Mathematical Model of Space Shuttle

Liquid Propellant Tanks, Technical Proposal EN 387, March 1974.
– MacNeal Schwendler Corp., The Implementation of Fluid Capability in Nastran,

Preliminary Design Document, January 1977.
– Harder, R.L., The Implementation of Fluid Capability in Nastran, Final Report, EC-

371, June 1979.
– Harder, R.L., Exact Integration for Doublet Singularities Used for Fluid Mass, Memo

RLH-28, July 1981.
– Harder, R.L., Improvements for Virtual Mass Capability, Memo RLH-29, August 1981.
– Gockel, M.A., Efficiency Features Added for CMS, Virtual Fluid Mass, vma.v707, TAN

4349, December 1999
– Robinson, M.N., The Virtual Mass Method Explained, (Internal MSC memo, May

2007)

ADDITIONAL REFERENCES
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WORKSHOP 7
VIRTUAL MASS - MFLUID
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SECTION 8

EXTERIOR ACOUSTIC ANALYSIS
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OBJECTIVES

• Acoustic Analysis of Unbounded Domains

– Correct Non-Reflecting Boundary Condition

– Sound Pressure in the Far Field

– Radiated Power through Surfaces in the Far Field

– Radiated Power from the Wetted Surface
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INFINITE BOUNDARIES - TRAVELING WAVES

• An infinite boundary will produce traveling waves

t1

t2

t3

distance
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INFINITE BOUNDARIES - TRAVELING WAVES

• A traveling wave can be identified in the frequency domain when:

– The magnitude of the complex pressure at any point is a constant.

– The observed real pressure varies with time because of the phase change in the
wave as it passes by.

Traveling wave characteristic
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FINITE BOUNDARIES - STANDING WAVES

• A finite boundary will create standing waves.

t1

t2

t3

distance
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FINITE BOUNDARIES - STANDING WAVES

• A standing wave can be identified in the frequency domain when:

– The magnitude of the complex pressure at any point varies with the mode shape.

– The phase angle stays constant.

Traveling wave characteristics

• This can be simulated in a finite element model using an infinite boundary
element

– Waves must not reflect over the frequency range of interest.
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METHOD

• Integration of Infinite
Elements from Actran
into MSC Nastran

• Vicinity of Radiating
Body modeled using
standard elements

• Infinite Elements
provide correct
boundary condition
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APPLICATIONS

• Acoustic radiation
from engines, oilpans,
exhaust pipe systems,
…

• Sound transmission

• Not possible is point
source in infinite field

• Not possible is
Scattering – Sound
wave hits obstical and
returns
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BENEFITS

• Proven Actran technology available within MSC Nastran

• Capability to model acoustic radiation, reflection and scattering
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INFINITE ELEMENTS

• Infinite Element Terminology

• Infinite Element Types

• Modeling Guidelines

• Computational Aspects

• Definition of Infinite Elements
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INFINITE ELEMENT TERMINOLOGY

• Geometry is
described by Base
and Pole.

• Base is attached to
the finite fluid domain.

• Acoustic pressure is
expanded into a
power series of ( 1/r ).

• Number of terms in
series is called radial
interpolation order.

r = distance from pole
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INFINITE ELEMENT TYPES

• CACINF3 is an infinite
element with a 3-
noded base.

• CACINF4 is an infinite
element with a 4-
noded base.

• The element normal
should point away
from the pole.

G1

G2

G3

G4
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MODELING GUIDELINES

• The boundary of the infinite domain must be convex.

• The boundary of the finite domain need not be smooth.

• The pole must be placed such that the infinite domain
is covered by the infinite elements.
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MODELING GUIDELINES: CONVEX BOUNDARY

Correct Wrong!
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MODELING GUIDELINES: POLE LOCATION

• With halfspace problems, care has to be taken to
correctly position the pole.

Correct Incorrect!
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COMPUTATIONAL ASPECTS

• Infinite elements are available in the frequency domain
only (SOL 108 and SOL 111).

• Matrices of infinite elements are unsymmetric. They are
assembled into the p-set.

• Modal reduction of the fluid is not recommended.
METHOD(STRUCT)=n
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DEFINITION OF INFINITE ELEMENTS

• The connectivity of the infinite element base is defined
on CACINF3 and CACINF4 bulk data entries.

• Properties of infinite elements are defined on PACINF
bulk data entries.

• Material properties of infinite elements are defined on
MAT10 bulk data entries.
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THE CACINF3 AND CACINF4 ENTRIES

1 2 3 4 5 6 7 8 9 10

CACINF3 EID PID G1 G2 G3

1 2 3 4 5 6 7 8 9 10

CACINF4 EID PID G1 G2 G3 G4

Field Contents

EID Element Identification Number (Integer > 0)

PID Property Identification Number of PACINF Entry (Integer
> 0)

Gi Grid Point Identification Numbers of Element Base
Connection Points (Integer > 0)
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THE PACINF ENTRY

1 2 3 4 5 6 7 8 9 10

PACINF PID MID RIO XP YP ZP

Field Contents

PID Property Identification Number of PACINF Entry (Integer > 0)

MID Material Identification Number of a MAT10 Entry (Integer > 0)

RIO Radial Interpolation Order (Integer > 0)

XP, YP, ZP Coordinates of the Pole of the Infinite Elements (in the Basic
Coordinate System
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RADIAL INTERPOLATION ORDER

•The radial interpolation
order defines the terms
kept in the ( 1/r ) series.

•The radial interpolation
order needed depends
on the directivity of the
acoustic field.

•The directivity increases
with increasing
frequency.

• Directivity:

– Monopol proportional to 1/r

– Dipol proportional to (1/r)2

– Quadrupol proportional to (1/r)3

– …
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RESULTS

• Standard acoustic results are available in the finite
domain.

• Additional results are available at field points inside the
infinite domain.
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FIELD POINTS

• Field points are points
inside the infinite
elements.

• They are used for
postprocessing only.

• Field points may be
connected by
elements to form field
point meshes.
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FIELD POINT RESULTS

• The following results are available at field points:
– Acoustic pressure

– Acoustic velocity

– Acoustic intensity

• If a field point mesh is defined, the following additional
results are available:
– Intensity component normal to field point mesh

– Acoustic power through the field point mesh
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ACOUSTIC INTENSITY

• Acoustic intensity is a
vector.

• When integrated over
a surface, it gives the
mean acoustic power
through the surface
during one period.

• Acoustic intensities
are very useful to
understand how
energy flows through
the field.

 
S

dSP nI

S

n

I
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DEFINITION OF FIELD POINT MESHES

• Field point meshes are defined in separate sections of the bulk
data file.

• These sections follow the main bulk data section.

• Each of the sections begins with

or

where afpmid is the acoustic field point mesh identifier (Integer >
0).

BEGIN BULK AFPM = afpmid

BEGIN AFPM = afpmid
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FIELD POINT MESH BULK DATA ENTRIES

• Field points are defined using standard GRID bulk data
entries.

• It is not necessary to place -1 into field 7.

• Field points can be connected by any type of elements.

• Only CQUAD4 and CTRIA3 elements define a field point
mesh.

• Property identifiers have to be specified but the
referenced PSHELL entries need not be defined.
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FIELD POINT MESH OUTPUT PARAMETERS

• If output to an .op2 file is requested, parameter POST
has to be defined within the section of the acoustic
field point mesh.

• Output of different field point meshes can be sent to
different .op2 files if parameter OUNIT2 is defined
within the section of the acoustic field point mesh.
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FIELD POINT MESH EXAMPLE

BEGIN AFPM=100
$
PARAM, POST, -1
$
$ Isolated Field Points along a Line
$
GRID 1001 2 5. 0. 0.
GRID 1002 2 6. 0. 0.
GRID 1003 2 7. 0. 0.
GRID 1004 2 8. 0. 0.
GRID 1005 2 9. 0. 0.
GRID 1006 2 10. 0. 0.
CORD2R, 2,, 0., 0., 0., -.5, -.5, .707107

, .5, .5, .707107

$
BEGIN AFPM = 200
$
PARAM, POST, -1
$
$ Field Point Mesh
$
GRID, 1,, -1., -1., 2.
GRID, 2,, 0., -1., 2.
GRID, 3,, 1., -1., 2.
GRID, 4,, -1., 0., 2.
GRID, 5,, 0., 0., 2.
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FIELD POINT MESH EXAMPLE

GRID, 6,, 1., 0., 2.
GRID, 7,, -1., 1., 2.
GRID, 8,, 0., 1., 2.
GRID, 9,, 1., 1., 2.
GRID, 11,, -1., -1., 2.
GRID, 12,, 0., -1., 3.
GRID, 13,, 1., -1., 2.
GRID, 14,, -1., 0., 3.
GRID, 16,, 1., 0., 3.
GRID, 17,, -1., 1., 2.
GRID, 18,, 0., 1., 3.
GRID, 19,, 1., 1., 2.
$
CQUAD4, 1, 1, 1, 2, 5, 4
CQUAD4, 2, 1, 2, 3, 6, 5
CQUAD4, 3, 1, 4, 5, 8, 7
CQUAD4, 4, 1, 5, 6, 9, 8
$
CQUAD4, 5, 1, 12, 16, 18, 14
CTRIA3, 6, 1, 11, 12, 14
CTRIA3, 7, 1, 12, 13, 16
CTRIA3, 8, 1, 16, 19, 18
CTRIA3, 9, 1, 14, 18, 17
$
ENDDATA
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CASE CONTROL COMMANDS

• The ACFPMRESULT command controls output of
acoustic field point mesh results.

• The ACPOWER command controls output of the power
radiated from the wetted surface.

• The INTENSITY command controls output of acoustic
intensity on the wetted surface.
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THE ACFPMRESULT COMMAND

,
YES

VELOCITY,
PLOT

PUNCH,
,

SORT2
(TACFPMRESUL 






































NO

PRINTSORT1















































NONE

n

ALL

)
NO

POWER,
PHASE

or YESIMAGREAL
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ACFPMRESULT COMMAND: OUTPUT FORMAT

,
YES

VELOCITY,
PLOT

PUNCH,
,

SORT2
(TACFPMRESUL 






































NO

PRINTSORT1















































NONE

n

ALL

)
NO

POWER,
PHASE

or YESIMAGREAL

Real/Imaginary Part or
Magnitude/Phase

Grid Point (SORT1) or
Frequency (SORT2)

Sorting
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ACFPMRESULT COMMAND: RESULTS SELECTION

,
YES

VELOCITY,
PLOT

PUNCH,
,

SORT2
(TACFPMRESUL 






































NO

PRINTSORT1















































NONE

n

ALL

)
NO

POWER,
PHASE

or YESIMAGREAL

Select Set of Field Point
Mesh Identifiers or all
Field Point Meshes

Acoustic Velocity

Acoustic Power through
Field Point Mesh
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THE ACPOWER COMMAND

 










































NONE

n

ALL

)unitCSV,
PLOT

PUNCH,
,

S

SORT1
(ACPOWER

PRINT

ORT2
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ACPOWER COMMAND: OUTPUT FORMAT

 










































NONE

n

ALL

)unitCSV,
PLOT

PUNCH,
,

S

SORT1
(ACPOWER

PRINT

ORT2

SORT1: Panel Sorting
SORT2: Frequency Sorting



NAS115, Section 8, August 2013
Copyright© 2013 MSC.Software Corporation S8- 37

ACPOWER COMMAND: OUTPUT SELECTION

 










































NONE

n

ALL

)unitCSV,
PLOT

PUNCH,
,

S

SORT1
(ACPOWER

PRINT

ORT2

Select Set of Panels or all
Panels



NAS115, Section 8, August 2013
Copyright© 2013 MSC.Software Corporation S8- 38

ACPOWER COMMAND: .CSV FILE (COMMA SEPARATED
VALUES)

 










































NONE

n

ALL

)unitCSV,
PLOT

PUNCH,
,

S

SORT1
(ACPOWER

PRINT

ORT2

ASSIGN USERFILE = fname FORM = FORMATTED UNIT = unit,
STATUS = NEW DELETE
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CONTENTS OF THE .CSV FILE

Subcase 1

ACOUSTIC POWER TEST PROBLEM

NO SETS SUBCASE 1

Power Radiated from Wetted Surface

Frequency Total WALL1 WALL2 WALL3 WALL4 WALL5 WALL6

5.00E+00 1.45E-07 3.69E-10 3.69E-10 5.64E-09 -9.01E-10 1.40E-07 0.00E+00

1.00E+01 5.74E-06 -5.95E-07 -5.95E-07 -6.27E-08 -6.12E-07 7.61E-06 0.00E+00

1.50E+01 3.58E-08 5.93E-08 5.93E-08 2.12E-08 5.51E-08 -1.59E-07 0.00E+00

2.00E+01 6.24E-06 1.68E-06 1.68E-06 -6.51E-07 2.22E-06 1.31E-06 0.00E+00

Power radiated from panelsPower radiated from total
wetted surface

Title, Subtitle and Label
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THE INTENSITY COMMAND










































NONE

n

ALL

)
PLOT

PUNCH,
,

SORT2
(INTENSITY

PRINTSORT1
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INTENSITY COMMAND: OUTPUT FORMAT










































NONE

n

ALL

)
PLOT

PUNCH,
,

SORT2
(INTENSITY

PRINTSORT1

SORT1: Grid Point Sorting
SORT2: Frequency Sorting
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INTENSITY COMMAND: OUTPUT SELECTION










































NONE

n

ALL

)
PLOT

PUNCH,
,

SORT2
(INTENSITY

PRINTSORT1

Select Set of Grid Points or
all Grid Points
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EXAMPLE

• The example studies
the sound
transmission through
an elastic plate
embedded in an
infinite rigid wall.
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EXAMPLE: MESH OF STRUCTURE AND QUARTER OF
FLUID MESH
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EXAMPLE: MESH OF STRUCTURE AND QUARTER OF
INFINITE ELEMENT MESH
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EXAMPLE: FLUID MESH AND QUARTER OF FIELD POINT
MESH
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EXAMPLE: MESH OF STRUCTURE AND INFINITE
ELEMENT MESH AND FIELD POINT
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EXAMPLE: INPUT FILE– USING UMFPACK

NASTRAN SYSTEM(209)=16

SOL 108
CEND
TITLE = Vibrating Plate Example
SUBTITLE = Direct Frequency Response
$
ECHO = SORT(EXCEPT, GRID, CHEXA, CQUAD4, CACINF4)
$
DLOAD = 10
FREQ = 20
SPC = 1
$
DISP(PLOT) = ALL
ACFPMRESULT(PHAS) = ALL
$
BEGIN BULK
$
PARAM, POST, -1
ACMODL, IDENT
$
RLOAD1, 10, 200,,, 300
PLOAD2, 200, 1., 1, THRU, 150
TABLED1, 300

, 0., 1., 1000., 1., ENDT
$
FREQ, 20, 10.
$

Field Point Mesh Results for
all Field Point Meshes

UMFPACK Sparse Solver
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EXAMPLE: INPUT FILE

$
$ Fluid
GRDSET,,,,,, -1
INCLUDE 'fluid1.bdf'
$
$ Structure
INCLUDE 'structure.bdf'
$
BEGIN AFPM=100
$
$ Isolated Field Points
GRID, 10001,, 0., 0., 3.5
GRID, 10002,, 0., 0., 5.
GRID, 10003,, 0., 0., 10.
$
BEGIN AFPM=200
$
$ Field Point Mesh
INCLUDE 'fpm.bdf'
$
ENDDATA
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EXAMPLE: INPUT FILE– USING ITER SOLV

SOL 108
CEND
TITLE = Vibrating Plate Example
SUBTITLE = Direct Frequency Response
$
ECHO = SORT(EXCEPT, GRID, CHEXA, CQUAD4, CACINF4)
$
DLOAD = 10
FREQ = 20
SMETHOD = 30
SPC = 1
$
DISP(PLOT) = ALL
ACFPMRESULT(PHAS) = ALL
$
BEGIN BULK
$
PARAM, POST, -1
ACMODL, IDENT
$
RLOAD1, 10, 200,,, 300
PLOAD2, 200, 1., 1, THRU, 150
TABLED1, 300

, 0., 1., 1000., 1., ENDT
$
FREQ, 20, 10.
$

Field Point Mesh Results for
all Field Point Meshes

Parameters of Iterative Solver
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EXAMPLE: INPUT FILE

$ Parameters of Iterative Solver
ITER, 30

PRECOND = J,
ITSEPS = 1.0E-4

$
$ Fluid
GRDSET,,,,,, -1
INCLUDE 'fluid1.bdf'
$
$ Structure
INCLUDE 'structure.bdf'
$
BEGIN AFPM=100
$
$ Isolated Field Points
GRID, 10001,, 0., 0., 3.5
GRID, 10002,, 0., 0., 5.
GRID, 10003,, 0., 0., 10.
$
BEGIN AFPM=200
$
$ Field Point Mesh
INCLUDE 'fpm.bdf'
$
ENDDATA

Parameters of Iterative Solver
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EXAMPLE: PART OF FLUID MESH DEFINITION

$ Exterior Acoustics - Vibrating Plate Example
$ Fluid Model of Domain 1: Finite and Infinite Elements
$
$ -------------------------------------------------------------------
$
$ PID MID RIO XP YP ZP
PACINF 10 20 10 0. 0. 0.
PSOLID 2 20 PFLUID
MAT10 20 1.21 340.
$
CHEXA 1001 2 1001 1002 1018 1017 1177 1178

1194 1193
CHEXA 1002 2 1002 1003 1019 1018 1178 1179

1195 1194
…

$ Infinite Elements
$
CACINF4 13901 10 3641 3642 3658 3657
CACINF4 13902 10 3642 3643 3659 3658
CACINF4 13903 10 3643 3644 3660 3659
CACINF4 13904 10 3644 3645 3661 3660
CACINF4 13905 10 3645 3646 3662 3661
CACINF4 13906 10 3646 3647 3663 3662

…



NAS115, Section 8, August 2013
Copyright© 2013 MSC.Software Corporation S8- 53

EXAMPLE: ACOUSTIC PRESSURE IN FINITE DOMAIN
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EXAMPLE: PRESSURE ALONG Z-AXIS
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EXAMPLE: FIELD POINT MESH RESULTS

Isolated Field Points, No Normal
Defined
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GUIDELINES

• The surface the infinite elements are attached to must be convex
but need not be smooth.

• The radial interpolation order required depends on the directivity
of the pressure field.

• It is recommended to study the sensitivity of the results with
respect to the radial interpolation order.
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GUIDELINES (CONT.)

• Infinite elements are available in SOL 108 and SOL 111.

• Modal reduction can be applied to the structure.

• Modal reduction of the fluid is not recommended.

• Use of the iterative solver might increase efficiency.

• For small-medium size UMFPACK sparse solver gives excellent
efficiency over default solver.
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WORKSHOP 8

Flat Plate Exterior Acoustics
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ACCURACY VALIDATION TEST

• Compare the results of MSC Nastran external acoustic
with those from Actran

• Two test models are used
– Model 1

• Structure and exterior acoustic

– Model 2
• Structure, exterior and interior acoustic

Model 1 Model 2
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MODEL 1 (EXTERIOR)

– Unit Point Load

– MSC Nastran
• SOL108/111

– Actran
• Krylov solver

– Number of Mesh

Plate64 Elm

air 6656

infinite 768

plate 4096

Total 11520
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RESULTS: FRF (VELOCITY) OF THE CENTER POINT

Response at Excited Point Iter. Sol 111 vs Actran
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In high freq. range, Actran gave “STIFF” results due to
using solid shell.
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COMPARISON OF RESULTS (COUPLED VS. DECOUPLED)
DECOUPLED ANALYSIS: NASTRAN SOL 108 STRUCTURE RESP. -> ACTRAN RADIATION ACOUSTICS

Sound Pressure Level 1m
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MODEL 2 (INTERIOR + EXTERIOR)

– Acoustic Source
• Source Strength:0.01

– MSC Nastran
• SOL111, Iterative

– Actran
• Krylov solver

– Number of Mesh

Plate64 Plate128

air 13440 13440
infinite 1664 1664
air_low 8192 8192

plate 4096 16384

Total 27392 39680
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RESULTS: FRF OF THE CENTER POINT

Nastran vs Actran : Plate 64
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Nastran vs Actran : Plate 128
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RESULTS: SOUND PRESSURE
LEVEL :(PLATE128)
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FULL VEHICLE ACOUSTICS (INTERIOR+EXTERIOR)

Model Description

– Node
Total 421,000
External Acoustic 58,800
Internal Acoustic 3,300

– Element
Total 702,000
External Acoustic 329,000
Internal Acoustic 2,500
Infinite Element 7,700
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• Analysis Condition
– Modal Frequency Analysis (SOL 111)

– DMP=4 (MDACMS)

– Eigenvalue : 0 ～375Hz, 2640 modes (Structure)

– Number of Frequencies : 71 Freq.

– MEM=6GB, SMEM=3GB

– IBM P630 Power4 1.45GHz

• Performance Results
– Elapsed time = 16.6hr

– CPU time = 15.7 hr

• Used Resources (per CPU)
– Max. Memory = 4.3GB

– Max. Disk Space = 9.8GB

– Total I/O amount = 144.1GB

FULL VEHICLE ACOUSTICS (INTERIOR+EXTERIOR)
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POWERTRAIN ACOUSTICS (EXTERIOR )

Model Description
– Node

Total 473,000
External Acoustic 36,200

– Element
Total 480,000
External Acoustic 194,000
Infinite Element 3,800
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• Analysis Condition
– Modal Frequency Analysis (SOL 111)

– Serial run

– Eigenvalue : 0 ～3000Hz, 185 modes (Structure)

– Number of Frequencies : 51 Freq.

– MEM=12GB, SMEM=5GB

– IBM Power5 1.85GHz CPU

• Performance Results
– Elapsed time = 4.6hr

– CPU time = 2.8 hr

• Used Resources
– Max. Memory = 5.6GB

– Max. Disk Space = 23.2GB

– Total I/O amount = 930.4GB

POWERTRAIN ACOUSTICS (EXTERIOR )
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REMARKS ON EXTERIOR ACOUSTICS

• Results from MSC Nastran agree with those given by
Actran

• Combined interior/exterior acoustic problem can be
solved together

• MSC Nastran powerful solver as well as advanced
MDACMS/DMP can be used together to greatly reduce
the computational time of solving very large scale
interior/exterior acoustic problems

• Very attractive new feature, huge value
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MDACMS PRELIMINARY RESULTS

• SOL 111, Iterative Solver

– 9:54:31

• SOL 111, MDACMS, Iterative Solver

– 7:00:45

• SOL 111, MDACMS (DMP=2), Iterative Solver

– 4:09:58
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WORKSHOP 9

Exterior Acoustics of a Car with Acoustic
Pressure Load on Hood
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SECTION 9

Special Acoustics Modeling
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• In many cases, the default coupling surfaces are sufficient

• There are 3 methods available

– IDENT (Identical interface points)

– CP (Closed Pressure, old method)

– BW (Body in White, default method)

• Generally, the coupling surface created by the default values is sufficient for
most applications

• Leaving the ACMODL entry out is equivalent to using the default BW method
using the default values

• If not, using the BW method (default method), you can modify the
coupling surfaces, if desired

MODIFYING COUPLING SURFACES
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COUPLING - STRUCTURE/CAVITY INTERACTION

• BW search method

– Vast improvement in calculation time over the old
CP method

• Available since V2004

• CP method tends to be slower

– Better searching methodology

– param,skinout,punch produces .pch file that
represent the fluid “skin

– A utility program is provided for viewing and
inspecting the completeness and accuracy of the
“skin”
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• Square column of fluid with
a round top

• Interacts with:

– an inner structural plate with a
hole in it

– and an outer structural plate

SEARCH BOX EXAMPLE (ACOUSTIC1.DAT)
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$ ********************
$ FSI - IDS OF FLUID ELEMENTS AT INTERFACE
$ ********************
$ This bulk data entry may by referenced from the FSET field on the
$ ACMODL bulk data entry (with the ELEMENTS option) to remove unwanted
$ fluid faces from the fluid-structure interface.
SET1 1 5001 5001 5001 5002 5002 5003 5003

5004
$ ********************
$ FSI - IDS OF STRUCTURE ELEMENTS AT INTERFACE
$ ********************
$ This bulk data entry may by referenced from the SSET field on the
$ ACMODL bulk data entry (with the ELEMENTS option) to remove unwanted
$ structure faces from the fluid-structure interface.
SET1 2 1041 1037 1038 1040 1039 1083 1094

1092 1091 1090 1082 1095 1093 1063 1081
1088 1064 1065 1062 1066 1053 1054 1055
1087 1052 1056 1057 1086 1051 1096 1058
1019 1028 1085 1073 1050 1072 1076 1084
1020 1070 1059 1013 1077 1071 1060 1012
1010 1061 1009 1008 1046 1047 1007 1006
1044 1045

$ ********************
$ FSI - IDS OF FLUID GRIDS AT INTERFACE
$ ********************
$ This bulk data entry may by referenced from the FSET field on the
$ ACMODL bulk data entry (with the GRIDS option) to remove unwanted
$ fluid faces from the fluid-structure interface.
SET1 3 5001 5002 5003 5004 5005 5006 5007

5008 5009 5010 5011 5012 5013 5016
$ ********************
$ FSI - IDS OF STRUCTURE GRIDS AT INTERFACE
$ ********************
$ This bulk data entry may by referenced from the SSET field on the
$ ACMODL bulk data entry (with the GRIDS option) to remove unwanted
$ structural faces from the fluid-structure interface.
SET1 4 1004 1005 1006 1007 1008 1009 1010

1017 1018 1027 1028 1029 1030 1031 1032
1040 1041 1042 1045 1047 1048 1049 1050
1051 1052 1053 1054 1055 1056 1057 1058
1059 1060 1061 1062 1063 1064 1065 1066
1071 1072 1073 1074 1075 1078 1079 1080
1081 1082 1084 1085 1086 1087 1088 1093
1094 1095 1096 1097 1098 1099 1101 1102
1103 1104 1105 1106 1107 1108 1109 1110
1111 1112 1113 1114 1115 1116 1117 1118
1119 1120 1121 1122 1123 1125 1126 1127
1128 1129

PARAM,SKINOUT,PUNCH

• Result is a listing of
element and grid ID for the
model listed on SET1 BULK
DATA entries

• These can be used to:

– graphically display fluid
and structure interface
elements

– in MSC Nastran to limit
or expand what
elements or grids are
used in the
fluid/structure interface
using the FSET and
SSET options on the
ACMODL
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• Problems

– Initial interface indicates that there are too many
structure elements (green)

– Only elements from the inner structural plate are
coupled

EXAMPLE OF SKINOUT



NAS115, Section 9, August 2013
Copyright© 2013 MSC.Software Corporation S9 - 7

CONTROL THE FLUID-STRUCTURE INTERFACE

In example above: SKNEPS =0.5 default

• Extra structure elements were
selected that do not project directly
onto the fluid faces,

• Only elements from the inner (green)
structural plate were selected.

Remove or add elements by
adjusting the size of the search
box by changing the defaults
(NORMAL, INTOL, and SKNEPS
fields on the ACMODL entry)

SKNEPS=0.25SKNEPS=0.5
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CONTROL THE FLUID-STRUCTURE INTERFACE

• Yet another method to control coupling is to use the INFOR field on
the ACMODL entry and manually define structure / fluid elements
or grids allowed to participate in coupling

• Modify the SET1 entries generated by the PARAM,SKINOUT, or
generate a new SET1 with a pre-processor.

ACMODL,DIFF,ELEMENTS, 1 , 2 , 1.0, BW
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CONTROL THE FLUID-STRUCTURE INTERFACE

• Parallel Structural Element Meshes in the Search Box

• For previous example, none of the outer plate elements were
considered in the coupling

– This is default and expected results (but may not be the desired results)

– To override default behavior, use the

ALLSET="YES“ on the ACMODL field

Following fields are required as well

• INTER="DIFF"

• INFOR="ELEMENTS" or "GRIDS"

• SSET
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SKINOUT DISPLAY TEST MODEL

• Structural coupled elements

Several ‘holes’ in the coupling
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SKINOUT DISPLAY TEST MODEL

• Structural coupled elements

Using clipping
additional ‘holes’ are
discovered in the
coupling
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SKINOUT DISPLAY TEST MODEL

• Fluid coupled elements

The fluid skin has ‘holes’
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• Three variables under user control
–NORMAL*L

•search box height in positive normal direction from fluid face

• L is smallest fluid face side length

–INTOL*L

•height in negative normal direction (fluid outside cavity)

–SKNEPS*D

• in-plane width added to fluid face dimensions

•D is the fluid face diagonal

SEARCH BOX CONTROLS
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• Rules and limitations

• Structural element centroid must fall within the search
box

• Fluid/structure interface matrix is weighed based on the
following relationship between the structure and fluid
face:
– areas

– angles

– distances

SEARCH BOX CONTROLS
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• Modify ACMODL SKNEPS

– 0.5 to 0.25

– Result

• Less structural elements are included

• The revised interface shows that there are still too
many structural elements

COUPLING CONTROL - ACOUSTIC1.DAT
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• Modify ACMODL SSET

• Manually remove structural elements from the SET1
entry in the punch file

• Results

COUPLING CONTROL - ACOUSTIC1.DAT (CONT.)
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• The model is loaded with acoustic
power on the upper left hand
corner of the fluid, thus the high
pressures in that area.

• The effect of the hole in the inner
structure can be seen a slight
reduction in fluid pressure at the
hole.

FINAL SOLUTION

• The structural deformation
shows the outer structure is
unaffected by the pressure as
expected as there is no coupling
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• Multiple sheet metal structures

– Outer parallel structural surface not selected even
though it falls within the search box

– Parallel surfaces are ignored using a connectivity
technique

• Structural element closest to the fluid face starts
connectivity

• Only elements related through connectivity are used

• Outside elements not used for connectivity

PARALLEL STRUCTURAL ELEMENT MESHES
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FLUID-STRUCTURE INTERFACE

• Identical Fluid-Structural Interface

– IDENT on the INTER field of the ACMODL Bulk Data entry.

– Each of the fluid boundary element surfaces is in full contact with one structural
surface.

– Structure grids and fluid grids coincident at the interface.

– Use FSET and SSET on ACMODL bulk data entry to decrease search.

• If used, both sets must be present; otherwise, the interface is not calculated

• Both set must lie at the fluid-structure interface

– If no structural elements are found, a warning message will be issued

• Non-Identical Fluid-Structural Interface

– Two different methods are available

• BW (default, recommended)

• CP (Old method, prior to version 2004)

– Non-Identical is the default using the BW method by leaving out the ACMODL
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FLUID-STRUCTURE INTERFACE

• If no ACMODL specified

– MSC Nastran will assume non coincident mesh

– BW method will be used

– An information message is printed in f06 (just after model summary)
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NON-MATCHING INTERFACE NEW BW METHOD

• Better for irregular not perfect matching fluid structure meshes

1. Use the current search algorithm to locate the fluid free faces and the corresponding
structural element faces.

2. For a fluid free face and its list of structural element faces (that were determined by
boxing normal to the fluid element) do as follows:

a) For each fluid free face establish a face coordinate system.

b) Determine the resultant pressure force for each grid on the fluid element by the relationship

c) Resolve this resultant pressure force for a unit grid pressure to the grids of the fluid element by the
expression (determined by virtual work)
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NON-MATCHING INTERFACE NEW BW METHOD

d) Using the origin of the free fluid face, determine the center of pressure.

The relationship will be of the form

e) Using rigid relations to consider only a unit motion normal to the fluid face with the appropriate
moment relationships, determine the resulting load distribution at the grids of each of the structural
elements. The area of each structural element projected normal to the fluid element will be used as
a weighting function. The expression is of the form:

{Fj} is the vector of resulting load
distribution at the grids of each of the j
structural elements.

[W] is a diagonal weighting matrix.

[Ri] is the rigid transformation matrix.
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NON-MATCHING INTERFACE NEW BW METHOD

f) Loop over each grid of the fluid element and accumulate the forces at the structural grids.

g) Note, with this algorithm, we do not worry if a structural element is only partially wetted by the fluid.
We always require rigid body equilibrium.

3. Repeat for the next fluid element and its associated group of
structural elements
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CHECK OF THE FLUID-STRUCTURE INTERFACE

• MSC Nastran computes the force resultant on the structure due to
a uniform unit pressure in the fluid.

• If the fluid is completely enclosed by the structure, this resultant
should be zero.

• If there are openings, the components of the force resultant are
proportional to the projection of the area of the openings on the
corresponding coordinate planes.
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CONTROL THE FLUID-STRUCTURE INTERFACE
• Example Fluid Structure Interface Check

– Resulting load on structure as a result of a unit
pressure increases in the cavity.

– F06 output below is from structure used in ws 8

– Plate area is 1.0 m2

– Applied pressure will act in the plate normal dir. (z)

– Resulting load is 6.8 % too high because of coupling
(approximately 0.6 dB)

– For this example, the ’old’ CP method gives a T3
force of 0.989

z

y

x
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ACOUSTIC MODELING TECHNIQUES

• Several methods exists to create the acoustic model.

• The method use depends upon type of geometry and what modeling
tools are available.

• Tetra mesh:

– If the fluid volume to be meshed can be descibed by a closed surface or tet-mesh, a
general tet-mesh technique can be used.

– A wrap mesher can generate a closed TRIA mesh from a surface mesh that is initially
not closed. Wrap mesher are often available through CFD pre-processor. There is
currently no wrap mesher available in MSC pre–processors.

– For acoustic models, use linear tetra elements.

• An example is shown on the following pages to fill a ”car cabin” that
has an intial opening (example, window) using Patran

• Some familiarity of Patran is assumed
– (Reference PAT301, PAT302, or NAS120)
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• The following is an example
outlining the steps

– Fill an open window design with
elements and

– Create a final tet mesh from it.

Steps

1. From the Mesh menu
(Create/Element/Edit), create
the 1D bar elements around
the free edges of the hole.

2. Then use
“Utilities/Geometry/Create
Curves From 1D Elements”
to create geometry curves on
top of the 1D bars.

CREATING A TET MESH FROM AN OPEN WINDOW DESIGN USING PATRAN
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CREATING A TET MESH FROM AN OPEN WINDOW DESIGN

3. Create a chain curve of
each curve loop that
represents the hole using
Create/Curve/Chain. (Using
Auto Chain is fastest)

4. Then, use the previously
created chain curves to
create a surface with
Create/Surface/Trimmed.

• Note that the properties
can be (probably is)

5. Mesh the surfaces with
Paver mesh with
Create/Mesh/Surface*.
* If you want a finer mesh, you need to mesh

seed the edges first using Tabular
Seeding.
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CREATING A TETMESH FROM AN OPEN WINDOW DESIGN

6. Equivalence your mesh

7. For construction purposes,
create a Group
(Group/Create) and make it
current. You will create a
copy of this mesh into the
Group, then modify the
QUADs into TRIAs using.

8. Use
Transform/Element/Translat
e with a vector of <0 0 0> to
make a copy of the QUADs
into the new Group.
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CREATING A TETMESH FROM AN OPEN WINDOW DESIGN

9. Post only the new Group.

10. Then, split the QUADs into
TRIAs using
Modify/Quad/Split. Pick the
replacement pattern on the
lower left.

11. Once you’ve obtained the
TRIA elements, you can
create the TET mesh from
them.
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CREATING A TETMESH FROM AN OPEN WINDOW DESIGN

12. To create the tetmesh, use
Create/Mesh/Solid,
Tet/Tetmesh/Tet4.

13. Select the TRIA element icon
to allow only TRIA elements
to be picked from the screen
as the Input List.

14. You should now have a TET
mesh that fills the volume.

15. The TRIA mesh used to
generate the TET mesh can
be deleted, if desired.

16. The original QUAD mesh
remains in the original group.
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• As discussed in previous sections, FSI is supported for both
interior and exterior acoustics in MSC Nastran

• For modal frequency response analysis, convergence for FSI can
be slow for large models that contain both interior and exterior
acoustics

• To improve efficiency, a 2 steps approach can be used

1. FSI with interior acoustic only in modal formulation, followed by

2. Exterior acoustic job with loading derived from the results of step 1

• The above approach is typically known as weakly coupled
acoustic analysis

WEAKLY COUPLED ACOUSTICS
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WEAKLY COUPLED ACOUSTICS

• Typical equation that contains both interior and exterior acoustics
can be solved in one step

Structure quantities

Ms = structure mass

Bs = structure damping

Ks = structure stiffness

us = structure displacement

Ps = structure loads

……………… Eqn. 8-1
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WEAKLY COUPLED ACOUSTICS
Interior Acoustics quantities

Ai = interior acoustic coupling matrix

Mfi = interior fluid mass

Bfi = interior fluid damping

Kfi = interior fluid stiffness

qi = pressure

Gi = source

Exterior Acoustics quantities

Ae = exterior acoustic coupling matrix

Mfe = exterior fluid mass

Bfe = exterior fluid damping

Kfe = exterior fluid stiffness

qe = pressure

Ge = source
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WEAKLY COUPLED ACOUSTICS

• If the interaction between the structure and exterior acoustics is
negligible

– Equation 8-1 can be solved in 2 steps

– Step 1

– Step 2, with us known, the following equation can be solved

……………… Eqn. 8- 3

……………… Eqn. 8- 2
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WEAKLY COUPLED ACOUSTICS (CONT.)

• Step 1 (equation 8-2) is solved with either the direct (SOL 108) or
modal (SOL 111) approach

• Step 2 (equation 8-3) is solved using the direct approach (SOL
108)

• Note that the results using the weakly coupled approach will be
different than the default fully coupled approach

• Weakly coupled approach is only a good approximation if it is
truly weakly coupled

• Activated with “param,acoweak,yes”

• Only supports SOL 111 and MFREQ for SOL 200
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SECTION 10

ACOUSTIC USING OPTIMIZATION
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WHAT IS “DESIGN OPTIMIZATION”?

• Automated modifications of the analysis model parameters to
achieve a desired objective while satisfying specified design
requirements.

• Objective
• Minimize weight

• Maximize payload

• Minimize Error Function (test/analysis)

• Design Variables
• Element properties (I, J, Area, t, etc.)

• Grid locations (shape optimization)

• Topology (remove structure)

• Design Constraints
• Direct Response

• Stress Limit, Freq, Disp.

• Derived Response
• Equation

• DESVAR range ( .04<t<.25)
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• Optimization is a 3 day class and it covers a wide varieties of
topics

• In this class, we will just cover a very small area

– Attend the optimization class for in-depth coverage of optimization

• Why are we interested in using optimization for acoustic analysis?

– Many times, not only will the peak shifts up and down with design changes,
but so will the frequency

– We will simply look at a case of minimization the pressure response at a
particular location across the whole frequency range

OPTIMIZATION STUDY
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OPTIMIZATION APPLICATIONS

• Structural design improvements

– Minimize thickness, hence weight

• Generation of feasible designs from infeasible
designs

– original model violates stress levels

• Preliminary Design

– Candidate designs from topology optimization

• Model matching to produce similar response

– frequency response, modal test

• Sensitivity evaluation

– Identify which regions of the model are most
“sensitive” to design changes or imperfections

• Others

– Depends on the designer’s creativities
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BASIC FEATURES IMPLEMENTED IN MSC NASTRAN

• Easy access to design synthesis capabilities

– Concept of design model

• Flexibility for design model representation

– User-supplied equation interpretation capability

• Efficient solution for problems of “any” size

– Number of finite element analyses as the measure of efficiency
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GRADIENT BASED NUMERICAL OPTIMIZATION

Optimization
Objective

Structural
Optimization
Constraints

Optimization
Design

Variables

Numerical
Optimizer

MSCADS,IPOPT

Improved
Design

Repeat
And

Refine
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STRENGTHS OF MSC NASTRAN STRUCTURAL OPTIMIZATION

• Efficient performance for small- to large-scale problems

• Reliable convergence characteristics

• Flexible user interface and user-defined equations

• Full implementation of approximation concepts

• Continuous enhancements

• Results dependent on the proven reliability of MSC Nastran

analysis

• High-level support as a part of MSC Nastran

• Access to the familiar analysis tools in MSC Nastran

• Activated with SOL 200
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OPTIMIZATION CAPABILITIES SUPPORTED

• Multi-Disciplinary Optimization

• Static Response Optimization

• Buckling Response Optimization

• Dynamic Response Optimization

– Direct Frequency

– Modal Frequency

– Modal Transient

– Acoustics

• Superelement Optimization

– Allows the design model to span superelement boundaries.

• Aeroelastic Optimization

– Static Aeroelastic

– Flutter
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TYPES OF OPTIMIZATION IN MSC.NASTRAN

tinit toptim

Shapeinit Shapeopt

• Sizing
– Change in 

property 
(t,I,J,theta, etc.)

• Topology
• “Remove” unneeded 

structure

• Shape
• Change in GRID 

locations
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TYPES OF OPTIMIZATION IN MSC NASTRAN

• Topography
• Modify flat to dimpled

• Special form of shape 
optimization

• Topometry
• Modify each thickness

• Special form of sizing 
optimization
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DESIGN OPTIMIZATION IN MSC NASTRAN

• The ANALYSIS Case Control request allows you to specify the type 

of optimization analysis discipline that you want to perform for each 

subcase. 

• Multi-Disciplinary

• The following analysis types are allowed in the ANALYSIS Case 

Control request:

– STATICS Statics

– MODES Normal Modes

– BUCK Buckling

– DFREQ Direct Frequency

– MFREQ Modal Frequency

– MTRAN Modal Transient

– SAERO Static Aeroelasticity

– FLUTTER Flutter
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DESIGN OPTIMIZATION IN MSC NASTRAN (CONT.)
• In the example below you optimize two static load cases in 

subcases 1 and 2, a modal response in subcase 3, and a transient 

response in subcase 4.

SOL 200

CEND

SPC = 100

DESOBJ(MIN) = 15

ANALYSIS = STATICS

SUBCASE 1

SUBTITLE = STATIC LOAD CASE 1

DESSUB = 10

DISP = ALL

LOAD = 1

SUBCASE 2

SUBTITLE = STATIC LOAD CASE 2

DESSUB = 20

DISP = ALL

LOAD = 2

SUBCASE 3

SUBTITLE = NORMAL MODES

ANALYSIS = MODES

DESSUB = 30

METHOD = 3

SUBCASE 4

SUBTITLE = MODAL TRANSIENT ANALYSIS

DESSUB = 40

ANALYSIS - MTRAN

METHOD = 4

DLOAD = 4

TSTEP = 10

BEGIN BULK
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COMMONLY USED OPTIMIZATION BULK DATA ENTRIES

• DESVAR Defines a design variable.

• DVPREL1 Defines the relation between an analysis model property

and design variables.

• DLINK Relates one design variable to one or more other design variables.

• DRESP1 Defines a set of direct structural responses that is used in the design either 

as constraints (referenced by the DCONSTR Bulk Data entry) or as an 

objective (referenced by the DESOBJ Case Control Command).

• DCONSTR Defines a design constraint (referenced by the DESSUB Case Control 

Command). 

• DCONADD Defines the design constraints for a subcase as a union of DCONSTR 

entries.

• DRESP2 Defines a synthesized response that are used in the design.  This response 

can be either a constraint or an objective.

• DEQATN Defines equation(s) for use in design sensitivity.

• DVCREL1 Defines the relation between a connectivity property and design variables.

• DVCREL2 Defines the relation between a connectivity property and design variables 

using a user-supplied equation.

• DVMREL1 Defines the relation between a material property and design variables.

• DVMREL2 Defines the relation between a material property and design variables with a 

user-supplied equation.
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ACOUSTIC OPTIMIZATION EXAMPLE

• This example considers a closed box with fluid elements on the interior.  

• An acoustic source is located at one end of the box.  

• A transducer is located at the opposite end.

• The design goal is to modify the thicknesses of the box walls such that the 

peak acoustic pressure at the transducer is minimized.  

– The challenge is the ability to minimize this pressure across the whole frequency range

• This is to be done while minimizing the weight of the box as the objective 

function.
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ACOUSTIC OPTIMIZATION (CONT.)
• The box geometry and property groups of thicknesses to be modified are 

shown below:

• Six design variables are to be related to six of these property groups (the 

third property group remains fixed.
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ACOUSTIC OPTIMIZATION (CONT.)
• To decrease response, many times we manually change the thickness of 

what we think would be the most affective areas

• Must take into account the following:

– A number of response peaks may exist

– These peaks may not only increase or decrease, but may shift in frequencies as well.  

• The objective is to minimize the maximum pressure response over peak 

frequencies f1, f2 , and f3.

f

bx
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ACOUSTIC OPTIMIZATION (CONT.)
• Choose a design variable to represent a peak threshold, here shown in the 

figure as bx (α is just a constant of proportionality to facilitate scaling the 

threshold).  The difference between bx and the pressure distribution must 

be a positive quantity at all frequencies of interest.  

• Thus, constraints can be written which require c1, c2, and c3 to be positive 

distances.  

• The design objective can then be to minimize bx, or

Minimize bx (10-1)

Subject to: P(f1) – bx ≤ 0 (10-2)

P(f2) – bx ≤ 0

P(f3) – bx ≤ 0

• As the optimizer decreases the threshold, the constraints ensure that the 

peaks are reduced as well.  

• Any number of these constraints can be written to cover all frequency 

ranges of interest (or, in the case of transient analysis, time steps).
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ACOUSTIC OPTIMIZATION (CONT.)

• The weight budget is established as a global constraint.  

– The weight response is defined on DRESP1 number 2; 

– Bounds are placed on this response with DCONSTR number 5, which is referenced in 

Case Control by the DESGLB command.

• The objective function is defined as a constant times design variable 

number 8 using the DRESP2 number 100 entry.  This refers to DEQATN 100 

which defines:

F = 10000 * x8 (10-3)

• This is defined as the objective function by the DESOBJ = 100 Case Control 

command.
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ACOUSTIC OPTIMIZATION (CONT.)
• The constraints on response peaks are defined by first identifying the 

pressure responses themselves with DRESP1 entry number 1.  

– This designates the "1" component of displacement at grid 11280 as the response.  

– Since the ATTB field is blank on this DRESP1 entry, the response is computed for all 

output frequencies.

• These pressure responses are used as input to DEQATN 10 via DRESP2 

number 11.  

• These entries, in combination with DCONSTR number 10, identify 

constraints on pressure response of the form:

k1 * x8 – P(f) + k2 ≥ k2 (10-4)

• Note that the constant k2 is added to avoid a bound of zero on the 

constraint.  

• The constants have been chosen to scale the objective and responses to 

values that would minimize numerical difficulties.



NAS115, Section 10, August 2013

Copyright© 2013 MSC.Software Corporation S10 - 20

ACOUSTIC OPTIMIZATION (CONT.)
• The design cycle history below shows the objective function has decreased 

from 10000 to 1536 in fifteen iterations
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• Design Variables History

ACOUSTIC OPTIMIZATION (CONT.)
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ACOUSTIC OPTIMIZATION (CONT.)
• The figure below shows the magnitude of the frequency dependent pressure 

at the initial and final designs.

• The reduction in the peak pressures is from 140.2 dB to 114.7 dB.

• The frequency where the peak occurs also shifted from 100 hz to 96 hz
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ACOUSTIC OPTIMIZATION (CONT.)
• The table below lists the first eight initial and final structural eigenvalues as 

well as the first nine invariant fluid eigenvalues.

Structural and Fluid Eigenfrequencies in Hz.

• Note that the fluid has three repeated roots at 100.4 Hz and it is the coupling between 

these fluid resonances and the nearby structural resonances that creates the peak 

response.  

Mode 

No.

Structural Eigenfrequencies Fluid Eigenfrequencies

Initial Final

1 75.98 49.20 50.05

2 95.27 49.78 100.41

3 104.15 93.96 100.41

4 130.75 95.80 100.41

5 133.57 98.61 112.19

6 143.69 98.65 112.19

7 153.12 163.53 142.00

8 173.63 170.48 142.00

9 212.73 176.07 142.00
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ACOUSTIC OPTIMIZATION EXAMPLE INPUT FILE  (DSOUG10B.DAT)
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• Rest of the Analysis Model

ACOUSTIC OPTIMIZATION EXAMPLE INPUT FILE (CONT.)
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• Optimization Entries

ACOUSTIC OPTIMIZATION EXAMPLE INPUT FILE (CONT.)
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• Note that MSC Nastran optimization has several standard 

optimization functions as shown below 

• The previous example could have used the BETA function directly

– The equation writing feature is shown here to highlight the flexibility of MSC 

Nastran optimization

– Similar technique can be used to represent more generic responses that are 

not listed in the above table

• As long as you can write an equation using the MSC Nastran available items 

such as response, design variables, etc., you can do it 

STANDARD OPTIMIZATION FUNCTION
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• Revisiting previous problem, the BETA function can be defined as

• Minimize

F(Xb)  = C1 * Xb

• Subject to:

rj – g Xb

g    =                         <  0

C3

• The g (constraint) is computed so that the maximum constraint 

(gmax ) for all response = C2 (user input on the DRESP2 entry)

gmax = (rjmax – g Xb) / C3 = C2

g is calculated

ACOUSTIC EXAMPLE USING BETA FUNCTION
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• To get results similar to the equation previously created manually, 

the C1, C2, and C3 are defined as follows:

C1 = 10000.

C2 =  1.047

C3 =  100.

ACOUSTIC EXAMPLE USING BETA FUNCTION
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$

$

desvar,1,p1,0.02493,0.0001,1.

desvar,2,p2,0.01953,0.0001,1.

desvar,4,p4,0.02047,0.0001,1.

desvar,5,p5,0.02596,0.0001,1.

desvar,6,p6,0.02175,0.0001,1.

desvar,7,p7,0.02426,0.0001,1.

$

$desvar 8       beta    1.0     0.001

$

dvprel1,1,pshell,1,4,0.0001

,1,1.

dvprel1,2,pshell,2,4,0.0001

,2,1.

dvprel1,4,pshell,4,4,0.0001

,4,1.

dvprel1,5,pshell,5,4,0.0001

,5,1.

dvprel1,6,pshell,6,4,0.0001

,6,1.

dvprel1,7,pshell,7,4,0.0001

,7,1.

$ 2 3 4 5 6 7        8

DRESP2  100     BETA    BETA min 10000.   1.047    100.

DRESP1  1

dresp1  1       druck frdisp 1               11280

dresp1  2       weight  weight

dconstr 5       2       2890.   2910.

ACOUSTIC EXAMPLE USING BETA FUNCTION

C1 C2 C3
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• Initial and Final Response

ACOUSTIC EXAMPLE USING BETA FUNCTION
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• The optimization is normally a 3 day class.  Some of these 

materials are bit beyond the scope of this class

• See the MSC Nastran Design Sensitivity and Optimization User’s 

Guide for further details

ACOUSTIC EXAMPLE USING BETA FUNCTION
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APPENDIX A

Exterior Acoustics—Old Technique
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• Exterior Acoustic is covered in Section 9

• This section offers an approximation technique to
model infinite boundary

• This is an old technique and is kept here for historical
purposes

– This section will no longer be updated

• The exterior acoustic method described in Section 9 is
the recommended method

INFINITE BOUNDARY – APPROXIMATE TECHNIQUE



A- 3
NAS115, Appendix A, August 2013
Copyright© 2013 MSC.Software Corporation

INFINITE BOUNDARIES - TRAVELING WAVES

• An infinite boundary will produce traveling waves

t1

t2

t3

distance
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INFINITE BOUNDARIES - TRAVELING WAVES

• A traveling wave can be identified in the frequency domain when:

– The magnitude of the complex pressure at any point is a constant.

– The observed real pressure varies with time because of the phase change in the
wave as it passes by.

Traveling wave characteristic
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FINITE BOUNDARIES - STANDING WAVES

• A finite boundary will create standing waves.

t1

t2

t3

distance
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FINITE BOUNDARIES - STANDING WAVES

• A standing wave can be identified in the frequency domain when:

– The magnitude of the complex pressure at any point varies with the mode shape.

– The phase angle stays constant.

Traveling wave characteristics
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FINITE ELEMENT INFINITE BOUNDARIES

• This can be simulated in a finite element model using a boundary absorber

– Waves must not reflect over the frequency range of interest.

• To do this is the boundary must be critically damped:

where: f is the frequency

c is the speed of sound

is the fluid density

Z(f) is the user-specified absorber impedance

• Reference 1: Everstein, G. "A NASTRAN Implementation of the Doubly
Asymptotic Approximation for Underwater Shock Response", NASA 3428,
pgs. 207-228, 1976. (http://www.geverstine.com/reprints/Everstine1976.pdf)

• Reference 2: DNH-68, Dave Herting, "Open Acoustic Boundaries Using
Absorber Elements“ (MSC Internal Document)



cfZ  )(
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FINITE ELEMENT INFINITE BOUNDARIES

• Z(f) is input as the coefficient B on the PAABSF bulk data entry.

• Good approximation for 3-dimensional problems if the boundary is a
smooth shape.

fluid

structure

infinite boundary absorbers
(CAABSF)
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INFINITE BOUNDARY EXAMPLE

• The model shown below is a small sector of a spherical fluid volume.

• It is excited by a source of fluid at the center that varies sinusoidally with
time.

• Because the sides represent symmetric boundaries the problem actually
represent a complete sphere.

• The open end is assumed to be connected to an infinite fluid.

• PAABSF input, B=415.03
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INFINITE BOUNDARY EXAMPLE

• Excited at frequencies n*f

– Where f =c/R is the frequency for a wavelength of length
R.

– The values chosen for n are 1/4, 1/2, 1, and 2.

– These are natural mode frequencies
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INFINITE BOUNDARY EXAMPLE RESULTS

• The calculated results for the infinite fluid should show outward traveling
waves.

– Of magnitude approximately proportional to 1/r, where r is radius of sphere.

• The calculated theoretical result is a constant value of 335.278. Although
the results are not constant, they show only small sinusoidal components.
(The deviations are probably caused by the finite element errors near the
singularity at the center.)
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INFINITE BOUNDARY EXAMPLE RESULTS

• The next figure shows the pressure phase angles vs. scaled radius for the
four wavelengths.

• The calculated theoretical results are straight lines starting at 360 degrees
at the center and ending at 270, 180, 0, and -360 degrees, depending on the
frequency.

• The largest errors appear to occur for the low frequency, quarter-wave case.
This is due to the lack of a virtual mass term.

• The error in high frequency case is due to the crude mesh size.
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INFINITE BOUNDARY – COMPLETE DAA METHOD

• Previous example did not include all of the terms of the DAA method
(Doubly Asymptotic Approximation).

• DAA boundary conditions.

where: P = pressure

ρ = fluid density

c = speed of sound in the fluid

Mv = virtual mass matrix

A = area mass

un = normal displacement of structure at boundary

• Multiplying by [A]T/(ρ*c) :

• First term is absorber term used in previous example.

• Second term is a "residual flexibility" term that allows the analysis to
converge to correct results at low frequencies.
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COMPLETE DAA METHOD IN A FINITE ELEMENT MODEL

• The virtual mass term representing an infinite fluid using a spherical fluid
boundary is equal to the fluid mass inside a sphere of the same diameter as
the boundary sphere.

• This virtual mass term can be entered as a fluid stiffness and applied to the
fluid boundary:

– The value of K is one over the virtual mass value.

fluid

structure

CAABSF
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COMPLETE DAA METHOD

• Or it can be a virtual mass applied to structure on the fluid boundary across
the fluid/structure interface.

– See Section 6 for details on the virtual mass method in MSC NASTRAN.

structure

fluid

CAABSF

fluid/structure
interface

“fake” CQUAD4

structure

virtual mass fluid



A- 16
NAS115, Appendix A, August 2013
Copyright© 2013 MSC.Software Corporation

COMPLETE DAA METHOD EXAMPLE

• Improve example problem by adding the virtual mass term.

• Use the virtual mass term transformed to a fluid stiffness approach.
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COMPLETE DAA METHOD EXAMPLE
• Calculate K for the fluid CELAS1s as follows:

– Mass of fluid inside infinite fluid boundaries is:

For a 10 degree sector divided between 4 grids:

where:   ρ = density

r = radius

– K for fluid is analogous to the inverse of structure mass, so:

• The following are the affected bulk data entries in the example.
$ Put an absorber element at the outer boundary
$ REAL IMPEDANCE/AREA = 415.03 Damping -FOR NO REFLECTIONS
CAABSF, 4000, 4000, 2, 21, 3181, 3180
PAABSF,4000,,,,,415.03
$ Add DAA virtual mass terms to fluid K matrix
CELAS1, 5001, 5000, 2, 1
CELAS1, 5002, 5000, 21, 1
CELAS1, 5003, 5000, 3180, 1
CELAS1, 5004, 5000, 3181, 1
PELAS, 5000, 9.7144-2

 3

3

4
volume rM f 

kg41fM

097.0/1  fMK
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COMPLETE DAA METHOD EXAMPLE

• Below are plots similar to the previous plots, but now have the virtual
mass added.

• The low frequency analyses are now much closer to theoretical results.
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APPENDIX B

THEORY ON ACOUSITCS
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• Acoustic Medium: Fluid

• State of Equilibrium:

– independent of time

–

• Acoustic Variables : small

• Total Variables

–

–

–

00,p

0v 0

v,,p

pppt  0

  0t

vv t

SOME NOTATIONS
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WAVE EQUATION - 1 DIMENSION

• Need to find a relationship of p(x,t) such that pressure fluctuates over time and
space.

• Three variables

• Need three equations:

1. Continuity (Mass conservation) (Pressure and density I)

2. Newtons 2nd Law (F=Ma) (Pressure and velocity)

3. Gas Law (Pressure and density II)

v,,p

p(x) p(x+dx)

)(x )( dxx 
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1. CONTINUITY

• ux is particle velocity

p(x) p(x+dx)

)( x )( dxx 

Mass is conserved within the volume

dx

du

dt

d x
0



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2. NEWTON’S 2ND LAW - F=MA

• The pressure difference will accelerate the gas particles

p(x) p(x+dx)

)( x )( dxx 

Relationship between pressure and particle velocity

dx
x

p
xpdxxp




 )()(

))(()(
2

2

0 dx
x

p
xpxp

dt

d
dx









x

p

dt

d






2

2

0




x

p

t

u









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3. THE GAS LAW

• From expressions above…

p(x) p(x+dx)

)( x )( dxx 

Relationship between density changes
and pressure changes

constV

constVpp





)(

)(

0

0





0

0






pp






0

0

 

 pp

M

RTp





0

0

0
1

2

2

22

2











t

p

cx

p

M

RT
c



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THE WAVE EQUATION

p(x) p(x+dx)

)( x )( dxx 

Relationship between density changes
and pressure changes

0
1

2

2

22

2











t

p

cx

p

M

RT
c




• Combining the three, we get the wave equation in one dimension

• Assuming a harmonic solution

tjexptxp  )(),(

tjjkx eeptxp 
 ),(

• There are 2 solutions, one wave traveling in positive and one in negative direction

tjjkx eeptxp 
 ),(and

T

k

k
c










2

2









NAS115, Appendix B, August 2013
Copyright© 2013 MSC.Software Corporation B - 8

CONSERVATION OF MOMENTUM

Arbitrary Volume V with

Boundary S moving with V

S

V

n

  
V S

dFpdV
dt

d
nv0

Change of Momentum = External Force
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• Theorem of Gauss:

• small:

• Because V is arbitrary:

CONSERVATION OF MOMENTUM

v,,p

  
S V

pdVdFpn

 












V

dVp
t

0
v

0

t
p






v
0
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CONSERVATION OF MASS

• Constant Mass in V(t):

• small:

• Because V is arbitrary:

v,

  
V

dV
dt

d
00 

 












V

dV
t

00 v


00 



v



t
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CONSERVATION OF ENERGY

• Change of Energy = External Power:

• small:

• Thermodynamics:

• with Conservation of Mass:

ep ,,, v

  









V S
ttt dSpdVe

dt

d
nvvv

2

1


 












V

dVp
t

e
000 v

t

p

t

s
T

t

e













 

 2
0

0

0




t

s
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CONSTITUTIVE EQUATION

• Generally:

• Because Entropy s is constant:

• Conservation of Mass now reads:

 sp, 

t

p

ct

p

pt
s


























2

1

s

p
c 















2with

v


 2
0c

t

p

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BULK MODULUS

• Definition:

• Then:

• Interpretation:

2
0cB 

v



B

t

p

t

V

V
B

t

p
t

V

V
dF

V SV












 

1

11
lim

0
nvv

V

v·nt

S

V
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WAVE EQUATION

• Mass:

• Momentum:

• Wave Equation:

0
11 2

0
2

2





p

t

p

B 

v




t

p

B

1

t
p






v

0

1



   MomentumMass 




t
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INTERPRETATION OF WAVE EQUATION

• 1-dimensional:

• General Solution:

0
11

2

2

0
2

2











x

p

t

p

B 

     xctgxctftxp , 0Bc 

C = Speed of
Sound

t=t0

t=t0+dt

f

x

tcx 
t=t0

t=t0+dt

g

x

tcx 
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PERIODIC WAVES

• For fixed x, let . T is the period.

• Within T, the wave travels a distance . Thus

l is the wavelength.

• With the frequency f=1/T, the

relationship is obtained.

   Ttxptxp  ,,

cT

     txpTtxptxp ,,,  

fc 
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BOUNDARY CONDITIONS

• Boundary:

• On :

• On :

vp SSS 

pS

vS

pp 

nn vv nv

nn vv 

pp 
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WEAK FORM OF WAVE EQUATION

• For all vanishing on :

• Integration by Parts:

pS

 












V

dVp
t

p

B
p 0

11~ 2
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2

2



   







V V S

n

v

dS
t

v
pdVppdV

t

p
p

B
~~1~1

0
2

2


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FINITE ELEMENT DISCRETIZATION

• Shape Functions:

• Discrete Wave Equation:

• Matrices:

– Compressibility Matrix:

– Inverse Mass Matrix:

– Acoustic Load Matrix:

     ttp pxNx p,

gHppQ  


vS

ndFv t
pNg

  V
dVB p

t
pNNQ 1

     
V

dVp

t

p NNH 01 
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HARMONIC WAVES

• Definition:

• Complex Notation:

• Thus:

         sinsincoscosˆcosˆ, ttptptp  xxx

             tPtPtiPtp  sincosexp, xxxx 

     ipP expˆ xx 
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TIME AND FREQUENCY DOMAIN

Time Frequency

Momentum

Constitutive

Wave

FEM

t
p




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v
0 V0iP 
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


B

t

p
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

iB
P

0
11 2

0
2

2
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


p

t

p

B  0
1 2

0

2

 PP
B 



gHppQ   GHPQP  i 2
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