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Agenda – Flexbody Generation with Radioss

• Output

• Methods 

• Process 

• Example I: Reduction for AVL Excite

• Example II: Reduction for Simpack

• Useful Extensions  

• Alternative solver: AMSES

• Model Conversion 

• Meshindependent Connection: FREEZE Contact

•Summary
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Modal Condensation Output

• Mass and Stiffness Matrix

• Structural and Viscous Damping Matrices

• Includes normal modes and interface modes

• Interior Point Recovery information

• Stress and Strain recovery matrix

• Model Data (for visualization)

• OUTPUT Formats

• Native Flexbody Formats 

• H3D

• PUNCH (DMIG)
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Modal Condensation Output Formats

• Flexbody (MBD) output 

• Motion Solve (.h3d)

• Simpack (.fbi)

• AVL/EXCITE (nativ)

• Adams, Virtual Engine (.mnf)

• LMS’ Virtual.Lab

• ROMAX

• Interface to AcuSolve (FSI)

• Grid, Element and modal data

• CMS Super Element

• NVH analysis with Radioss (.h3d)
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• MODEL=ELSET,GRIDSET,RIGID/NORIGID

• Default for CBN and GM is NONE for ELSET and GRIDSET

• ELSET can be a SET of elements or PLOTEL

• PLOTEL is all PLOTEL elements

• GRIDSET always includes ASET/CSET

• GRIDSET always includes all GRID attached to ELSET elements

• Elements and GRID motion recovery matrices stored in .h3d file

• MODEL is ignored for PARAM,EXTOUT,DMIGPCH PUNCH output

• PARAM,SEPLOT,YES

• Will put PLOTEL and associated GRID in .seplot file

• Required for viewing CMS SE in HyperMesh

Modal Condensation Model Output
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Reduced model with 2D PLOTEL

Original detailed FE model: 640k grids 

Coarse display model: 7200 grids 
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CMS Creation using CMSMETH data

• METHODS

• GUYAN – Static reduction with no modes.  This is exact for static analysis, but not 

exact for dynamic analysis because the mass matrix does contain all the 

information needed.

• CBN – All BNDFIX/ASET DOF are constrained.  Each one is moved one by 

one to generate the residual vectors.  CBN with no modes is GUYAN

• CB/CC – All ASET DOF are free.  Each one is loaded one by one to generate 

residual vectors.

• GM – General Method: fixed and free DOF

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

CMSMETH CMSID METHOD UB_FREQ NMODES SPID

UB_FREQ_F NMODES_F SPID_F
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CBN Method

• Normal modes vectors

• Pick enough so that free – free analysis gives modes up to 1.5 loading frequency.

• For stiff structures like suspension components get at least 3 modes

• Note that generation modes are not free – free modes because the ASET/BNDFIX 

DOF are constrained 

• Residual (Static) vectors from ASET/BNDFIX DOF

• Residual Vectors are ortho-normalized with normal modes vectors

• Resulting matrix in nodal space
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Process scheme – Flexbody Generation

HyperMesh

CAD/ FEM ModelRadioss/Nastran Model or

HyperMesh
Flexbody GUI

Radioss

MBD Code

Post processing

.fem or .bdf

.fem or .bdf

Native Format

Model building/ conversion 

CMS setup

Flexible Body Generation

MBD analysis
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Setup in HyperMesh Flexbody Creation GUI

• Process assisted setup

• Rigid Element (RBE2/3) generation

• Interface dof (ASET)

• Renumbering 

• Condensation Method

• All kind of output formats are supported

• Selection possibilities dependent on format 
chosen 

• Full access to Model and Result output 

• Solution Method (Lanczos/AMSES)

Acknowledgement to Thomas Kowalewski
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Process scheme – Radioss AVL/EXCITE Coupling 

HyperMesh
Simlab

CAD/ FEM ModelRadioss/Nastran Model or

AVL/GUI

Radioss

AVL/EXCITE

AVL/EXCITE

Radioss

Post processing

.fem or .bdf

.fem or .bdf

Model data/ matrices in ASCII or 

binary  format (.OUT2, .OUT4, …)

.exb

.INP4

.h3d or op2

Flexbody
.h3d

Model building/ conversion 

CMS setup

Flexible Body Generation

.exb Generation

MBD analysis

Stress and Strain 
Recovery
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AVL/EXCITE

• AVL/EXCITE is used for engine MBD analysis

• Use CBN method and PARAM,EXCOUT,#

• PARAM,EXCOUT,1

• DOF, geometry, and elements tables (GEOM1, GEOM2, EQEXIN, and USET), as well 
as the reduced mass and stiffness matrices (MAA and KMAA) .

• PARAM,EXCOUT,3

• 1 + eigenvectors of the full system (GOA transpose).

• PARAM,EXCOUT,4

• 3 + unreduced mass matrix (MFF).

• PARAM,EXCOUT,5

• 1 + eigenvectors of condensed system (PHA) and the grid point stress table (OGS1).

• PARAM,EXCOUT,6

• 4 + eigenvectors of condensed system (PHA) and the grid point stress table (OGS1).
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Example I

• AVL/EXCITE
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SIMPACK

• SIMPACK is used for MBD analysis

• Use CBN method

• Use PARAM,SIMPACK,#

• PARAM,SIMPACK,1

• Write CMS Matrices [k] and [m] to the SIMPACK .fbi file.•Write modes and eigenvectors 
of SE to the SIMPACK .fbi file.

• PARAM,SIMPACK,2

• Write model information to the SIMPACK .fbi file.

• PARAM,SIMPACK,3

• Write the Interior point recovery GRID SET.•Write the Interior point recovery matrix to the 
to the SIMPACK .fbi file.

• PARAM,SIMPACK,4

• Write the rotational forces to the SIMPACK .fbi file.
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Example II

• SIMPACK 

• Usage for Middle nodes of RBE3 as ASET dof
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ROMAX output

• ROMAX is an MBD code for Gear whine analysis

• Use CBN method

• Use PARAM,EXTOUT,DMIGPCH

• Resulting PUNCH file DMIG can be used with ROMAX
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ADAMS output

• ROMAX is an MBD code for Gear whine analysis

• Use CC or CB method

• Use OUTPUT=ADAMSMNF

• Resulting .mnf can be used with ADAMS
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LMS Virtual Lab (VLab)

• ROMAX is an MBD code for Gear whine analysis

• Use CC or CB method

• Use PARAM,LMSOUT,YES

• Resulting .op2 can be used with VLAB

• Contains mass and stiffness matrices

• Contains diagonal lumped mass matrix
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Example Deck for AVL excite

•model=plotel,,norigid

•$

•cmsmeth=103

•$

•STRESS=ALL

•GPSTRESS=ALL

•$

•BEGIN BULK

•PARAM,EXCOUT,6

•$

•cmsmeth,103,cbn,,20,900001

•$

•$ Retained Static DOFs:

•ASET1,123456,80001

•ASET1,123456,80002

•ASET1,123456,90000

•ASET1,123456,90001

•ASET1,123456,90002

•ASET1,123456,90003

•ASET1,123,100101

•ASET1,123,100102

•ASET1,123,100103

•ASET1,123,100104

•$

•$ Include FE Model File:

•INCLUDE 'Crankshaft.bdf'

•$

•ENDDATA

Model output (optional)

Load case sector (required)

Result Output (optional)

Flexbody output format (required)

Reduction Method (required)

Interface dof (required)
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Example Deck for Adams

•OUTPUT,ADAMSMNF,YES

•CMSMETH =        4

•$$------------------------------------------------------------------------------$

•$$                      Case Control Cards                                      $

•$$------------------------------------------------------------------------------$

•$

•$

•BEGIN BULK

•$$

•$$  Stacking Information for Ply-Based Composite Definition

•$$

•DTI     UNITS   1       KG      N       MM      S       

•$$

•$$

•ASET        2146123456

•ASET        2777123456

•$$

•$$

•CMSMETH 4       CB              50              

•$

•ENDDATA

•$$

Load case sector (required)

Flexbody output format (required)

Reduction Method (required)

Interface dof (required)

Unit system (required)
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AMSES Eigenvalue Solver

• Lanczos in not efficient for solving large eigenvalue problems

• Lanczos calculates the entire eigenvector which leads to huge amounts of disk I/O 

(I/O time and disk space)

• Will not work for thousands of modes for millions of DOF

• The RADIOSS large scale eigensolver (AMSES) 

• Only the portion of the eigenvector needed for output 

degrees of freedom are calculated (approximate solution)

• For modal FRF or transient analysis:

• The load vectors are reduced into modal space

• Structural Damping (GE) matrix reduction to modal space

• Residual Vector (RESVEC) generation is done automatically

• Solutions for frequency response, transient response, 

and CMS Super Element creation

• SMP parallel for efficiency

• Continuing to improve performance for very large models 

and large number of modes
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Performance against Lanzcos on PC

• EIGRA reduces both Area and Damping matrices

• EIGRA supports the internal residual vector calculation technique to enhance 

solution accuracy

AMSES VS Lanczos for Modal FRF solution

0 10000 20000 30000 40000 50000 60000 70000 80000

AMSES

Lanczos

elapsed time (s)

Eigen Solution

Structral Damping

Other

• 2.2 Million Degree of freedom, 1369 modes, w/ structural damping, 200 excitation frequencies, 1CPU
• Dell T7500, Xeon X5550 2.67GHz, 12GB RAM, regular disk, 64bit Windows Xp
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Model Conversion

• Automatic converters in HyperMesh

• Drop Down Menu: tools/convert
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AMSES – Altair’s AMLS type eigensolver

• AMSES is short for Automatic Multilevel Substructuring Eigen Solver

• AMSES has all the features of AMLS

• Can be used for NVH

• SMP parallelization 

• AMSES is about the same speed as AMLS

• AMSES Advantages:

• Runs on Windows (All new PC’s are multi-core with large RAM)

• Handles unconnected structures

• AMSES comes with the RADIOSS solver with no additional cost

• Interface to AMLS/FastFRS is still available
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AMSES Features

• New EIGRA data is used

• Similar to EIGRL data (see next slide)

• Has accuracy control (AMPFACT)

• Increased accuracy will increase run times

• Sometimes required for powertrain (solid) models

• The number of CPU’s used is the same as the number used by RADIOSS

• Controlled by –ncpu or –ncpu command line arguments

• Works on both Windows and LINUX computers

• No issues with unconnected structures

• Typical of CMS Super Elements created with the CBN method
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AMSES input data – eigenvalue analysis

• EIGRA

• Bulk Data Entry

• EIGRA – Real Eigenvalue Extraction Data using Automated Multi-Level Sub-

structuring

• Description:

• Defines the data need to perform eigenvalue analysis with the Automated Multi-

Level Sub-structuring technique

• Format:

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

EIGRA SID V1 V2 ND AMPFACT NORM
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AMSES input data – CMS condensation 

• CMSMETH

• Bulk Data Entry

• CMSMETH – Real Eigenvalue Extraction Data using Automated Multi-Level Sub-

structuring

• Description:

• Defines the data need to perform eigenvalue analysis with the Automated Multi-

Level Sub-structuring technique

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

CMSMET
H

CMSID METHOD UB_FRE
Q

NMODES SPID SOLVER AMPFACT

SOLVER The eigenvalue solver.  Either blank or LAN for Lanzos.  AMSES for AMSES.  

Default = LAN (Character = LAN or AMSES, or blank)  

AMPFFACT AMSES Amplification Factor.  The substructure modes are solved up to the 

frequency of AMPFACT*V2.  Higher values of AMPFACT will lead to more accurate 

results and longer running times.  See comment 8.

Default = 5.0 (Real or blank)
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Mesh Independent Connection 

• Freeze/Tie Contact definition

• Nodes sets/ Element Sets

• Contact surfaces

• Properties
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Agenda – Flexbody Generation with Radioss

• Broad support of native flexbody formats 

• Comprehensive set of methods

• Flexibility in model output

• Easy to use set up 

• HyperMesh thru Flexbody GUI 

• Simlab for AVL Excite

• Efficient solution for large models (AMSES) 

A complete solution of Flexbody generation 


