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INTES

Figure 1: INTES Head Office in Stuttgart

Company Profile

INTES company was founded as an FE technol-

ogy enterprise in 1984. Its competence in every

aspect of Finite Element (FE) technology is pro-

vided by INTES to its clients not only through the

high-end software system PERMAS. The full range

of development know-how of INTES is also made

available to its clients by the provision of top-notch

services and expert consultancy. INTES activities

mainly concentrate on the

• development and distribution of the FE solver

PERMAS and the joint pre- and post-processor

VisPER,

• development of new and efficient numerical and

graphical methods,

• development of software for new hardware ar-

chitectures (such as parallel computers),

• coupling of PERMAS and VisPER with other

software systems (such as pre- and postproces-

sors and MBS systems),

• consultancy and training of users,

• consulting by analysis projects.

The international support of PERMAS clients is sup-

ported in France by INTES France and in Japan by

INTES Japan. In addition, partners are supporting

and distributing the software in other countries.

For all of its customers, INTES wants to be a com-

petent partner in all respects regarding the Finite

Element Method. Above all, satisfaction of the cus-

tomers with all the software and services is of prime

importance to the company.

“Making Realistic Simulations Practical”

Underlines our focus on technology and innovation.

Services

INTES offers a number of services to its customers

including:

• Developments for PERMAS and VisPER:

– Interfaces to other software packages,

– New modeling processes,

– New analysis capabilities,

– New finite elements,

– Customer specific developments.

• Installation of PERMAS and VisPER on new

hardware platforms as well as consultancy con-

cerning the optimum hardware configuration,

• Software maintenance,

• FEM training,

• FEM research and development,

• Configuration and installation of add-on soft-

ware products,

• Engineering:

– modeling with VisPER, ANSA, MEDINA, . . .

– simulation with PERMAS,

• Introduction of FE analysis in enterprises, con-

tinuous consultation service (hotline), and sup-

port on current projects.

Figure 2: Synopsis of PERMAS history
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PERMAS

Overview

This product description provides information on all

essential characteristics of PERMAS and its appli-

cation. Therefore, the description is organized into

seven parts set forth below:

• The introduction gives some good reasons

for the application of the Finite-Element-Method

(FEM) and PERMAS. The particular benefits of

PERMAS are presented on pages 8 to 18.

• Applications using several functional modules

are illustrated on pages 19 to 35

• The features of VisPER are described on pages

37 to 50.

• The universal features of PERMAS, which are

not related to a single module, are explained on

pages 53 to 70.

• The available functional modules are de-

scribed on pages 71 to 114.

• The interfaces are collected on pages 117 to

121.

• Additional information about the installation

and further aspects of PERMAS is given on

pages 125 to 128.

Figure 3: V8 engine by courtesy of FPT Motoren-

forschung AG in Arbon, Switzerland.

Introduction to PERMAS

PERMAS is a general purpose software system to

perform complex calculations in engineering using

the finite element method (FEM), and to optimize

the analyzed structures and models. It has been

developed by INTES and is available to engineers

as an analysis tool worldwide.

PERMAS enables the engineer to perform compre-

hensive analyses and simulations in many fields of

applications like stiffness analysis, stress analysis,

determination of natural modes, dynamic simula-

tions in the time and frequency domain, determina-

tion of temperature fields, acoustic fields, and elec-

tromagnetic fields, analysis of anisotropic material

like fibre-reinforced composites.

PERMAS computes a large number of results dur-

ing the course of these analyses, which may be

used in the assessment of the structural behavior

like deflections, stresses and strains, natural fre-

quencies and mode shapes, strain energy distribu-

tion, sound vibration power density, time history and

interaction with other parts of the structure.

Independent of the area of application, these results

provide a lot of valuable information for the design

and development process. A number of essential

benefits can be derived from the early use of the

FEM:

• Safe accomplishment of customer require-

ments.

• Reduction of expensive manufacturing and test-

ing of prototypes.

• Simulation of extreme conditions.

• Shorter development and design cycles.

• Significant suggestions for design optimization:

– topology optimization,

– sizing optimization,

– shape optimization,

– parameter studies by sampling.

• Improvement of structural reliability.

• Analysis in case of malfunction of a structure

during operation.

• Long term quality improvements.

In view of today’s increasing requirements for short

design cycles and high quality products, the finite

element analysis becomes an indispensible tool for

the daily development work. Moreover, complex

products are often developed in distributed struc-
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Figure 4: Model of a tractor transmission

ZF Friedrichshafen AG, Friedrichshafen, Germany.

tured companies. This makes interdependencies

between different components of the product visi-

ble in time only if they are simulated and analyzed

on the computer. At the same time, the quality as-

surance of analysis results is of great importance.

Hence, the choice of the right analysis tool is of cru-

cial significance.

Benefits of PERMAS

PERMAS is an internationally established FE anal-

ysis system with users in many countries. INTES

has developed the system and, additionally, offers

individual consultation and user support and all

training required. The consultation covers all re-

quests regarding the use of the software but also

basic questions regarding the idealization and phys-

ical modeling.

The benefits arising from the use of PERMAS can

be characterized by the following points:

• As a general purpose software package

PERMAS provides for powerful capabilities,

which cover a wide range of applications

from mechanics to heat transfer, fluid structure

acoustics and electrodynamics.

• Integrated optimization algorithms allow

PERMAS not only to analyze models but also

to determine optimized parts which fulfil many

different conditions. The optimization methods

include topology optimization, sizing and shape

optimization, and reliability analysis to take into

Figure 5: Turbocharger housing

BorgWarner Turbo Systems Engineering GmbH,

Kirchheimbolanden, Germany.

account uncertain model parameters.

• The graphical user interface VisPER supports

the user in verifying his models and in evalua-

tion of the analysis results. Moreover, VisPER

provides advanced modeling features, e.g. for

generation of fluid meshes, and for the set-up of

optimization models in particular.

• Efficient equation solvers and optimized data

storage schemes provide PERMAS with ulti-

mate computing power with low resource con-

sumption. Moreover, the software is continu-

ally adapted to the most advanced and powerful

computers.

• PERMAS, a well-proven and mature software,

has been available for many years and in numer-

ous structural analysis departments. There, the

reliability of the software is appreciated above

all.

On the subsequent pages all these points are spec-

ified in more detail.

PERMAS is an advanced software package with up-

to-date user conveniences. The PERMAS develop-

ment aims to implement future-oriented functionali-

ties in close cooperation with the users and to pro-

vide currently most advanced algorithms. In this

way, PERMAS today faces the requirements of to-

morrow.
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Figure 6: Charge air cooler

Behr GmbH & Co., Stuttgart, Germany.

What’s New in PERMAS Version 19

The new Version 19 of PERMAS is the result

of about 24 months of development work since

the shipment of the predecessor version 18. For

the regular reader of our Product Description of

PERMAS, a rough overview summarizes the main

changes in the new version. Of course, a complete

and detailed Software Release Note is available with

Version 19 in addition.

With VisPER (i.e. Visual PERMAS) we provide a

dedicated tool to improve pre- and post-processing

for PERMAS. The new features of VisPER Version

19 will be introduced in the next section (see page

13).

PERMAS4EDU

Besides the standard commer-

cial PERMAS and VisPER soft-

ware, also with Version 19, a

new PERMAS4EDU (PERMAS

for Education) edition of this

software package is available

for education and further train-

ing purposes. It is again free-

of-charge and does not permit

commercial use. There are a

number of limits on model size

(see page 123), and most of the

analysis functions are available.

PERMAS Version 19 offers ongoing improved com-

puting performance:

• A new preconditioner (STARTVEC) option im-

proves runtimes of eigenvalue computations. It

can be seen as an analogon to the contact sta-

tus files.

Example: Free form optimization (static + dynamic) of

a gear box housing with 2 M nodes, 1.4 M elements

and 20 iterations:
Preconditioning Eigenvalues [s] Total job [s]

Without 27200 61269

With 9142 40856

Speedup 2.97 1.5

• For frequency response analyses, a combina-

tion between MLDR and response solver im-

provements have been realized to reduce run-

times. Moreover, significant runtimes savings

have been realized for non-symmetric systems.

• For contact analysis with many frictional degree

of freedom, the new CAFRICTION option allows

additional runtime savings. This option allows

to solve the contact problem first without friction

to create contact status files for the subsequent

run with friction. This has, besides the overall

acceleration also the impact that contact results

are available early for verification purposes. E.g

for an engine benchmark:
CAFRICTION Single run USED

Pre-run (normal contact) – 0:48

Final run (with friction) 18:32 6:23

Sum [hh:mm] 18:32 7:11

18 cores Intel Xeon E5-2697 @ 2.30GH / 251.82 GiByte

• A new fully coupled solution method (FC)

for direct fscoupled frequency response is

available. Significant reduction of run time

and disk space (compared to the reduced

mobility formulation (MR)). Depending on

model, significant factors were achieved. Here

are three examples:
DOFs NEW

¯
Speed

PRES DISP MR [s] FC [s]
¯

-up

6 542 000 1 226 000 14 037 7 900
¯

1.78

20 138 000 1 500 12 662 2 629
¯

4.62

126 000 000 50 500 >34 h 2 754
¯

>46

• The list of supported Nvidia Tesla graphic cards

in Module XPU (see page 114) has been ex-

tended. The Ampere graphic cards are now

supported by module XPU.

The list of major software extensions in PERMAS is

as follows:

• New modules:

– The new module HBM (Harmonic Balance

Method) opens up the treatment of nonlinear-
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Figure 7: Nodal point stress gradients

ities in frequency response and opens a new

class of problems for PERMAS. For further

information, see from page 98.

– A new module LIFE enables integrated

high cycle fatigue lifetime assesments within

PERMAS. For further information, see from

page 111.

– An interface to SIMDRIVE3D has been estab-

lished, see page 122.

Figure 8: Surface coupling

• Major extensions:

– Extensions to basic module (module MQA,

page 71):

* Parametic geometry in PERMAS as new

input bracket GEOMETRY

* FUNCTION may be grouped in a sepa-

rate bracket, like material data.

FORMULA option, as symbolic definition

of general equations.

$FUNCTION FORMULA LABEL=VMS

& DESCRIPTION=’V. Mises’

sigma_VM(s_x,s_y,s_z,t_xy,t_yz,t_xz) =

& sqrt(s_x^2 + s_y^2 + s_z^2

& - s_x*s_y - s_y*s_z - s_x*s_z

& + 3*(t_xy^2 + t_yz^2 + t_xz^2))

INTEGRATE option for automatic inte-

gration of predefined other functions.

E.g. use an acceleration signal for a

timehistory load definition.

Functions with vector values, e.g. for ge-

ometry description.

* Selection of local coupling coordinate

system (MPC DPSYS option) is now

also available for IQUAD/ITRIA/ILIN mpc

types.

* The coupling of surfaces (“tied contact”)

has been extended to easily use the nor-

mal and tangential directions of the sur-

face. This allows the surface coupling

definition like for contact, which facilitates

the switching between surface coupling

and contact (see Fig. 8).

* Option RELDOF for general MPCs as ad-

ditional DOF for relative movement con-

trol.

* New item MPC REACTION is available at

guiding and dependent nodes with reac-

tion forces, heat fluxes, etc.

* Automatic coupling of closed contacts

(CONTLOCK) now with interpolation re-

gion MPCs instead of general MPCs.

This includes the treatment of rigid lever

arm correction.

– Extensions to contact analysis (modules CA,

CAX, and CAU from page 73):

* Automatic handling of contact-RBMs us-

ing SET CARBM=nrbm

* Idividual contact geometry update option

(GEOUP) in surface contact definition to

control the contact geometry update.

* Multiple frictional contacts at a single lo-

cation may be solved automatically upon

request using CAMULTFRIC switch.

* The contact pressure computation has

been improved.
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– Extensions to nonlinear static analysis (mod-

ule NLS, page 80):

* Support of anisotropic plasticity for short

fibre material by splitting istrope plastic

and anisotrope elastic behavior.

* Fitting of hyper-elastic material data to be

able to use measurement data directly.

– Extensions to mode analysis (modules DEV,

DEVX and MLDR, pages 89, 90 and 91):

* Additional static modes are automatically

added to substructure eigenmodes for

Craig-Bampton condensation.

* Local substructure RBMs are now al-

lowed. They will appear as modal DOFs

in the top component.

– Extensions to dynamic response analysis

(module DRA, page 92) and fluid-structure

acoustics (module FS, page 96):

* Improved nonlinear timehistory algorithm

for handling of non-linear forces.

* New hysteresis (HYST3) element avail-

able for direct timehistory and harmonic

balance.

* The calculation of dissipated (damping)

energy is now possible for linear damper

elements.

* Extended timehistory logging with SET

THLOG = ON

* Sweep over rotation frequencies possi-

ble for rotating systems with synchronous

whirl.

– Extensions to fluid-structure coupled analysis

(module FS, page 96):

* Assembly Situation is available for direct

fscoupled frequency response analysis.

This means multiple right hand sides per

excitation frequency.

– Extensions to random response analysis

(module DRX, page 95):

* Stochastic pressure loads on surfaces

(e.g. due to turbulence) may be defined

at surface nodes by a user program.

– Extensions to design optimization and topol-

ogy optimization (modules OPT and TOPO,

pages 100 and 104):

* Buckling sensitivity respects restricting

element set definition in $ELSTATE.

* Stress scaling by filling ratios for TOPO.

Many smaller extensions of almost all functional

modules had been performed in addition. More-

Figure 9: Extended Membersize handling

over, all interfaces were updated and adapted

to the new functionalities. Major interface en-

hancements are:

– ABAQUS (ABA) (see page 121):

* Node based surfaces can be trans-

lated directly to PERMAS ($SURFACE

NODES).

* The Abaqus friction definition is now

used by default in its original definition.

Before, two definitions have been cre-

ated, with and without friction.

* Avoid potentially clamped contact defini-

tions with a specific setting (DEFAULT

SET ABAQUS CACLAMP = RESOLVE).

* Additional nonlinear load descriptions

are supported from Abaqus step/load

data.

* *CONTACT INTERFERENCE no longer

restricted to first step.

– NASTRAN (NAS) (see page 120):

* Support of quadratic elements with par-

tially missing midnodes (e.g. ’HEXE17’

in areas with quadratic↔linear mesh

transition)

* Support of temperature dependent

material properties: Case Control

TEMPERATURE and Bulk Data

TABLEM1, MATT1, TEMPD, TEMP

* Support of velocity and acceleration for

frequency response loads −→ Bulk Data

RLOAD1, RLOAD2 with option VELO

and ACCE

– SIMPACK (SIM) (see page 119):

* Extended mode base for improved stress

recovery process:

· Additional residual modes via Craig-

Bampton condensation of inertia re-

lief loads.

* Extended model export from PERMAS to

SimPack .fbi file:

· Complete recovery matrix including
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dependent degrees of freedom from

MPCs

* Simpack stress files for normal modes

and inertia relief modes:

· New setting PARAM SIMPACK

FBITYPE = STRESS in the export

command section.

* Support of Simpack Version 6 removed

Figure 10: Ship engine piston

Mahle GmbH, Stuttgart, Germany.

For all system platforms an update to the current

release of the operating system had been performed

(see Page 125).
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What’s New in VisPER Version 19

VisPER (i.e. Visual PERMAS) is a dedicated

tool to provide analysis workflows (see Figs. 60

and 51) and to improve pre- and post-processing

for PERMAS. VisPER is released together with

PERMAS 19. More information on VisPER can be

found from page 37.

• Geometry Handling:

– VisPER reads stl and step formats for geom-

etry. The handling and visualization is per-

formed in a separate dialog bar.

– Geometry Display/Meshing, see figure 11:

1.Visualize Geometry

2.Create discrete geometry

3.(triangular) Surface meshing

4.Tet-meshing

Mesh-check functionality is provided in addi-

tion

– VisPER can export geometry in step or stl for-

mat

The list of major software extensions in VisPER is

divided in four sections as follows:

• Model completion:

– New Fatigue Dialog Bar to support fatigue

verification/definitions.

– New Elstate Dialog bar.

– New combine loads dialog bar.

– A lot of functional extensions, e.g. to support

all new PERMAS functions, see figure 12.

• Wizards:

– Design Wizard, see page 45

* New geometry page for geometry recon-

struction.

* Former Check tab is a subpage of the

geometry tab and meshing is now more

generic.

• Post-processing:

– Significant increase of animation perfor-

mance.

– Support of fatigue results.

• VPCGEN, see page 51

– Definition of the complete model for dynamic

analyses (prescribed displacement or accel-

eration, damping, time and frequency loads,

Figure 11: Geometry processing, transmission housing
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Figure 12: Function evaluation

frequency and time response situation, fre-

quencies list), along with the corresponding

optimization constraints and sampling defini-

tions.

– The viewer now offers dynamic zoom, and the

visual partitionning for VisPER, colors and

transparency can be defined by the user.

– PCGen can export geometry in step format.

• Tools:

– Using PYTHON scripting enables automated

post-processing including image and video

generation. Model information, images, and

videos may be exported to MS Word, Excel,

and PowerPoint.
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Universal Features

The outstanding mostly module-independent basic

features of PERMAS are as follows (see pages 53

to 70):

• Hierarchical substructuring, with automatic sub-

component insertion (see page 53)

• Submodeling (see page 53)

• Variant analysis (see page 54)

• Cyclic symmetry (see page 55)

• Surface and Line Description (see page 55)

• Automated coupling of parts (see page 56)

• Automated spotweld modeling (see page 57)

• Local coordinate systems (see page 58)

• Multiple kinematic constraints (see page 58)

• Automatic detection of singularities (see page

59)

• Same elements for different analysis types (ele-

ment library, see page 60)

• Standard beam cross sections (Seite 61)

• Design elements for optimization (page 62)

• SPR Stresses and Absolute Error Indicator

(page 62)

• General material description (see page 62)

• Node and element sets (see page 63)

• Mathematical functions (see page 63)

• All kinds of loading (see page 64)

• Model verification (see page 64)

• Integrated interfaces to pre- and post-

processors (see page 65)

• Input and Output of Data Objects and matrices

(see page 67)

• Combination, transformation, and comparison

of results (see page 67)

• Output of XY result data (see page 68)

• Calculation of cutting forces (see page 69)

• System of units (see page 69)

• Restart facility (see page 69)

• Open software through Fortran and C interfaces

(see page 69)

• Direct coupling of different analysis types (see

page 70)

• Coupling with CFD (see page 70)

Figure 13: Model of a transport vehicle
courtesy of Daimler AG,

Commercial Vehicle Division in Stuttgart

Available VisPER Modules

The below listed functional modules are explained

in more detail on pages 38 to 48:

• Basic module (VBAS)

• Topology optimization (VTOP)

• Design optimization (VOPT)

• Fluid-structure coupling (VFS)

• Contact analysis (VCA)

• PERMAS Component generator (VPCGEN)

Available PERMAS Modules

The below listed functional modules are explained

in more detail on pages 71 to 121:

• Model Quality Assurance (MQA)

• Linear Statics (LS)

• Contact Analysis (CA)

• Extended Contact Analysis (CAX)

• Contact Geometry Update (CAU)

• Contact Multigrid Solver (CAMG)

• Nonlinear Statics (NLS)

• Extended Nonlinear Material Laws (NLSMAT)

• Advanced Nonlinear Statics (NLSA)

• Buckling Analysis (BA)

• Heat Transfer (HT)

• Nonlinear Heat Transfer (NLHT)

• Dynamic Eigenvalue Analysis (DEV)

• Extended Dynamic Eigenvalue Analysis (DEVX)

• Eigenmodes with MLDR (MLDR)

• Dynamic Response Analysis (DRA)
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• Extended Dynamic Response Analysis (DRX)

• Harmonic Balance Method (HBM)

• Fluid-Structure Acoustics (FS)

• Nonlinear Dynamics (NLD)

• Design Optimization (OPT)

• Layout Optimization (TOPO)

• Advanced optimization solvers (AOS)

• Reliability Analysis (RA)

• Laminate Analysis (LA)

• Fatigue Analysis (LIFE)

• Refined Weldspot Model (WLDS)

• Generalized Inertia Relief (GINR)

• Steady-state electromagnetics (EMS)

• Electrodynamics (EMD)

• Use of GPU (XPU)

• Interfaces to various pre-/post-processors

– MEDINA (MEDI)

– PATRAN (PAT)

– I-DEAS (ID)

• Interfaces to other analysis packages

– ADAMS (AD)

– DADS (DADS)

– SIMDRIVE3D (SIM3D)

– SIMPACK (SIM)

– EXCITE (EXCI)

– MOTIONSOLVE (HMS)

– HYPERVIEW (H3D)

– VAO (VAO)

– Virtual.Lab (VLAB)

– ADSTEFAN (ADS)

– MATLAB (MAT)

– NASTRAN (NAS)

– ABAQUS (ABA)

– MpCCI (CCL)

Figure 14: Machine tool

INDEX-Werke GmbH & Co. KG, Esslingen, Germany

Performance Aspects

By ongoing further developments of the equation

solvers PERMAS achieves a very high computation

speed. Both, direct and iterative solvers, are contin-

uously optimized.

• Very good multitasking behavior due to a high

degree of computer utilization and a low de-

mand for central memory.

• The central memory size used can be freely

configured – without any limitation on the model

size.

• The disk space used can be partitioned on sev-

eral disks – without any logical partitioning (e.g.

optimum disk utilization in a workstation net-

work).

• There are practically no limits on the model size

and no explicit limits exist within the software.

Even models with many million degrees of free-

dom can be handled.

• By using well-established libraries like BLAS

for matrix and vector operations, PERMAS is

adapted to the specific characteristics of hard-

ware platforms and thus provides a very high

efficiency.

• Another increase of computing power has been

achieved by an overall parallelization of the soft-

ware.

• By simultaneous use of several disks (so-called

disk striping) the I/O performance can be raised

beyond the characteristics of the single disks.

• PERMAS can be invoked using an option for us-

ing direct I/O. If PERMAS DMS-Files are put on

SSD systems, the I/O is performed directly to

these systems, which can reduce run time for

I/O bound jobs significantly (see Fig. 118).

• Disk I/O can be avoided at all, if large memories

are used. The memory size may readily exceed

256 GB.
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Parallelization

PERMAS is also fully available for parallel com-

puters. A general parallelization approach allows

the parallel processing of all time-critical operations

without being limited to equation solvers. There is

only one software version for both sequential and

parallel computers.

PERMAS supports the parallelization on shared

memory computers. There, the parallelization is

based on POSIX Threads, i.e. PERMAS is exe-

cuted in several parallel processes, which all use

the same memory area. This avoids additional com-

munication between the processors, which fully cor-

responds with the overall architecture of such sys-

tems.

In addition, PERMAS allows asynchronous I/O on

this architecture, which realizes better performance

by overlapping CPU and I/O times.

Parallelization does not change the sequence of nu-

merical operations in PERMAS, i.e. the results of a

sequential analysis and a parallel analysis of the

same model on the same machine are identical

(if all other parameters remain unchanged).

PERMAS is able to work with constant and pre-fixed

memory for each analysis. This also holds for a par-

allel execution of PERMAS. So, several simultane-

ous sequential jobs as well as several simultaneous

parallel jobs or any mix of sequential and parallel

jobs are possible.

The parallelization is based on a mathematical ap-

proach, which allows the automatic parallelization of

sequentially programmed software. So, PERMAS

remains generally portable and the main goal has

been achieved: One single PERMAS version for all

platforms.

Parallel PERMAS is available for all platforms,

where a sequential version is supported, too.

The parallelization on several cores can be ex-

tended by the use of a GPU (Graphical Processing

Unit) of Nvidia, where a Tesla K20c or better is sup-

ported. For compute bound solution steps, the GPU

can essentially accelerate the analysis run (see also

module XPU on page 114).

The parallel execution of PERMAS is very simple.

Because there are no special commands neces-

Figure 15: Static analysis with 3 loading cases
1.5M nodes, 176k HEXE27, 4.4M Dof

run time on Intel Boxboro

sary, a sequential run of PERMAS does not differ

from a parallel one - except for the shorter run time.

Only the number of parallel processes or processors

for the PERMAS run has to be defined in advance.

Areas of Application

Presently, PERMAS is used in the following

branches of industry:

• Automotive industry

• Aerospace industry

• Ship building industry

• Mechanical engineering

• Offshore- and power plant engineering

• Plant- and equipment engineering
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Reliability

Nowadays, not all results of FE analyses can be

proven by experiments. They are often directly used

in the development process. Moreover, the mod-

els become more and more complex and the results

have to be produced faster and faster. Early detec-

tion of possible modeling errors and their elimination

means a great challenge to the analysis software.

To this end, PERMAS and VisPER make a substan-

tial contribution.

• Robustness of the software: Low system er-

ror rate due to advanced software engineering

methods and intensive software testing.

• Model verification: The basic PERMAS-MQA

module provides tools for model quality assur-

ance (see page 71). Beside automatic model

testing, many quantities and model properties

can be exported for visualization and checking

in a postprocessor (see section Model Verifica-

tion on page 64). In addition, VisPER provides

a model verification environment for a growing

number of modeling parameters (see page 38).

• Safe use: Expensive faulty runs are avoided by

the task scanning concept of PERMAS-MQA.

Firstly, these give an estimation of the neces-

sary computer resources, which allow for a more

reliable planning of large model analyses. In ad-

dition, numerous modeling deficiencies can be

detected, which directly improves the reliability

and quality of the subsequent analysis.

• Correctness of results: The quality of results is

ensured by comprehensive and continuous ver-

ification (using the tests of NAFEMS and SFM).

Above all, the application of well-proven algorithms

and esteemed development tools results in the high

quality of the software.

A broad traditional PERMAS user base from differ-

ent branches of industry essentially contributes to

the reliability of the software.

Quality Assurance

INTES develops high quality software und offers all

related services. All phases of the software devel-

opment are performed on the basis of established

standards and appropriate tools in order to achieve

Figure 16: Model of a cardan shaft

Voith Turbo GmbH & Co. KG, Heidenheim, Germany.

a maximum of product quality.

Some important aspects of quality assurance are:

• Especially developed for the management and

administration of the software, a development

tool provides for a safe software database,

which includes all modifications and new sub-

routines and manages them in a unique and ap-

prehensible way.

• A problem report management system gathers

all messages regarding software problems and

development requests as well as other user re-

quests together with the subsequently elabo-

rated solutions and responses. A ’Technical

Newsletter’ issued regularly informs the users

about all inquiries made and the pertinent so-

lutions.

• An ever growing library of software test runs

daily ensures the equally high quality of the soft-

ware. Problem cases extracted from the prob-

lem report management system lead to an ex-

tension of the test library in order to preclude the

re-occurance of problems handled in the past.
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Applications

Car Body Analysis

Finite Element Analysis of car bodies comprise a

broad variety of modeling levels from BIW (body-

in-white) to trimmed bodies and acoustic models

taking into account enclosed and even surrounding

air. This variety of structural variants corresponds to

different targets from simple stiffness issues up to

complex comfort tasks. Therefore, a lot of different

methods are applied in car body analysis ranging

from linear static analysis up to fluid-structure cou-

pled acoustics.

A typical characteristic of car body models is the use

of shell elements. Most frequently, quadrangular lin-

ear shell elements are used (together with triangular

shell elements). Dependent on the mesh size, up

to several million shell elements are used to model

car bodies. A car body consists of a larger num-

ber of structural parts (typically 50 to 100) which are

joined by different techniques like spot welding (see

page 57 and module WLDS on page 112), bonding,

laser welding. In order to generate the meshes of

all parts efficiently, incompatible meshing (see page

56) is used for independent meshing.

A special feature in VisPER supports post-

processing of spotwelds (see page 50) in very large

body structures.

Static analysis

For computations of static stiffness of a car body,

linear static analysis is used. For some load cases

like towing or light impact calculations of inertia relief

(see page 73) are applied.

To check the force flow through any structural mem-

ber, cutting forces (e.g. through a column or sill, see

page 69) can easily be derived and a summary of

the forces and moments is exported (and printed).

Dynamic analysis

It is an important issue in dynamic analysis that all

masses are taken into account. The matching of

masses between the real structure and the simula-

tion model is very important. Masses and moments

of inertia can be calculated by the simulation and

compared to the expected values.

Figure 17: Workshop example INTEScar

under torsional loading

An eigenvalue analysis is performed as a basis for

subsequent response analysis. Because cars are

not supported on ground, a free-free vibration anal-

ysis has to be performed. A check on the rigid body

modes is highly recommended and supported by

corresponding printed information. The frequency

range for the eigenvalue analysis depends on the

intended frequency range of the subsequent re-

sponse analysis. A certain factor (2 to 3) on the

intended frequency range is frequently applied in

order to get good response results over the full fre-

quency range.

Flexible bodies are often incorporated in MBS

(Multi-Body Systems) models. Usually, this is done

on the basis of modal models. PERMAS supports

a number of interfaces to export flexible bodies in

special formats (see page 118).

Due to the cut of eigenfrequencies beyond the

frequency range, response results can be insuffi-

cient in the quasi-static range (between zero fre-

quency and first eigenfrequency). This quasi-static

response can be improved by taking relevant static

mode shapes which are computed automatically

from given static load cases (see page 94).

Structural modifications of the car body (BIW) are

usually done for only a few parts, e.g. the front of the

car. Then, there is no need to repeat the full anal-

ysis of the car from scratch but the rear car can be
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reduced by dynamic condensation (see page 90).

Using dynamic condensation so-called matrix mod-

els (see page 67) are generated which represent the

reduced part of structure. These matrix models are

used in each analysis of the remaining structure. In

this way, run time for variants (e.g. of the front car)

is reduced drastically.

For the subsequent response analysis (see page

92), there are methods for the frequency domain

(i.e. frequency response analysis) and for the time

domain (i.e. time-history response analysis). These

methods are available as modal methods (based on

previously determined eigenfrequencies and mode

shapes) and as direct methods (based on full sys-

tem matrices). For realistic models, the direct meth-

ods are much more time consuming than modal

methods. But the direct methods are very accurate

and can be used on a case-by-case basis to check

the accuracy of the modal models.

The dynamic loading (or excitation) can be specified

by forces (and moments) or prescribed displace-

ments (or rotations) and a frequency or time function

which describes the course of the excitation depen-

dent on frequency or time.

• In frequency domain, the discretization of the

excitation frequency range is an important ac-

curacy parameter for the resulting response

graphs. In particular, the discretization of peaks

is important and this is supported by genera-

tion of clusters of excitation frequencies around

eigenfrequencies.

• If a time function is provided by measurements,

beside a time-history response an alternative

approach is also available to get a periodic re-

sponse result. An internal FFT (Fast Fourier

transformation) is available to detect the main

excitation frequencies. For each of these fre-

quencies a frequency response can be per-

formed (with just one excitation frequency). The

result of all these harmonic response results can

then be superimposed in the time domain to

get the periodic response (or steady state re-

sponse). Fig. 100 shows an example.

• In time domain, the sampling rate should be re-

lated to the time characteristics of the excitation

function.

For response analysis, the specification of damping

is very important. There are a lot of ways to specify

damping (see page 94). In particular, trimmed bod-

ies require a detailed and accurate modeling of all

additional springs, masses, and dampers.

The results from a frequency response analysis are

any complex primary result (displacements, veloc-

ities, or accelarations) and secondary result (e.g.

stresses, strains, sound radiation power density) for

all nodes at any excitation frequency. Frequently,

so-called transfer functions are more important than

the full fields of result quantities. Transfer functions

describe the relation between the excitation points

and any target point of interest (by a unit excitation)

for all excitation frequencies.

In order to reduce computational effort for response

analysis the user can specify the requested results

in advance. In case of requested transfer functions,

the repsonse analysis can be restricted to just a

node set.

Fluid-structure dynamics

Coupled simulation of structure and air is seen as

natural extension of structural dynamics. This exten-

sion is needed, because noise in a car is a combina-

tion of structural-borne and air-borne noise. Noise

at the driver’s ear is important for the comfort and

the acoustic quality of a car.

As a first step the interior of the car is modeled by

so-called fluid elements which are classical volume

elements but with a pressure degree of freedom. In

order to model the coupling between structure and

air physically, there are additional coupling (or inter-

face) elements which contain both the displacement

and pressure degrees of freedom and represent the

physical compatibility condition between structure

and air.

To facilitate the two modeling steps for fluid and cou-

pling elements of the car interior, VisPER contains

an easy-to-use wizard starting from the structural

mesh and generating the fluid mesh and the cou-

pling elements step by step in an almost automatic

way (see page 45). Typically, the coupling elements

are compatible with structural elements of the inte-

rior surface, but the fluid elements representing the

enclosed air are incompatibly meshed, because the

mesh for the air is usually much coarser than for

the structure. The wizard derives the appropriate

element edge length from the requested frequency

range.

The fluid may contribute to the damping by so-called
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volumetric drag which represents the absorption in

a fluid volume. The coupling elements contribute to

the damping by surface absorption which represents

a normal impedance of the coupling surface.

After completing the fluid-structure model, the anal-

ysis steps are very similar to structural dynamics of

cars as described above (see also page 96 for more

functional details).

• A coupled eigenvalue analysis is available to

derive the coupled eigenfrequencies and mode

shapes. The mode shapes consist of two corre-

sponding parts, a displacement mode shape of

the structure and a pressure mode shape of the

fluid.

• Excitations can now also be specified in the fluid

by a pressure signal.

• Based on coupled eigenfrequencies and mode

shapes, modal frequency response analysis

and modal time-history response analysis can

be performed in the same way as for the sole

structure.

In addition to modal methods, also a direct fre-

quency response is available for fluid-structure cou-

pled analysis.

From the coupled response results, all results as de-

scribed for structural response calculations can be

obtained. In addition, the pressure field in the air

and transfer functions from structural points to pres-

sure points are available (and vice versa). Moreover,

sound particle velocities (as vector field or magni-

tudes) can be derived from the pressure field.

In addition to enclosed air in a car, the surrounding

air can also be modeled and coupled to the struc-

ture. This feature can be used to calculate noise

transition through the structure (from the road or

from air flow induced noise to the driver’s ear).

High performance

Continuous effort is spent in improving and acceler-

ating the speed of algorithms. In car body analysis

emphasis is put on the following achievements:

• For large models (millions of degrees of free-

dom) and many modes (thousands of modes),

eigenvalue analysis is made much faster by

MLDR (Multi-Level Dynamic Reduction). Details

can be found on page 91. This method is avail-

able for both structural dynamics and coupled

fluid-structure dynamics.

• In frequency response analysis many different

dynamic load cases (several hundreds) are of-

ten applied. So-called assembled situations

(see page 94) are used to solve these load

cases simultaneously instead of one after the

other.

• In frequency response analysis the equation

solving can be made much faster (for a high

number of modes and many excitation frequen-

cies) using an iterative solver.

Figure 18: Shape optimization of a sill

with transition to neighboured parts

Optimization

Supported by VisPER and PERMAS, optimization

tasks for the car body can be solved in an inte-

grated way. So, the optimization model is part of the

model description and can easily use all available

references to existing model parts like node and

element sets. Although all available optimization

types (as described on pages 100 to 109) can be

used for car bodies, the most important ones are as

follows:

• Sizing: This is used to optimize element prop-

erties like shell thickness, beam cross section,

spring stiffness, and damper properties.

• Shaping: This is used to optimize geometry of

parts by modifying node coordinates (also pos-
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sible with incompatible meshes).

• Bead design: This is used to position and

shape beads in shell structures (see example in

Fig. 19).

All these optimization types can be combined in

one optimization project. Static and dynamic anal-

ysis can be used simultaneously for optimization

tasks. The optimization modeling is fully supported

by VisPER (see details on page 43). Even post-

processing of optimization results can be made with

VisPER.

Optimization of transfer functions due to sizing,

shaping, and bead design is of major importance

in dynamic analysis. This frequency response opti-

mization can be used with an objective transfer func-

tion (i.e. a frequency dependent limit of amplitudes).

If the objective transfer function is derived from ex-

perimental results, then the optimization process is

named model updating. By this process selected

model parameters are modified in order to fit the

simulation transfer function to the experimental one.

Figure 19: Bead design of a plate

with positioning and height of beads

Engine Analysis

Many physical effects play an important role dur-

ing a mechanical analysis of combustion engines.

In static analysis such effects are leak tightness

and durability under changing temperature condi-

tions and in dynamic analysis there are sound ra-

diation and frequency responses of complex engine

assemblies. At least in static analysis the influence

of temperature requires a coupled analysis taking

heat transfer into account. Modeling the mounting

of an engine requires the consideration of bolt load-

ing conditions where the correct sequence of bolt

pre-stressing and operating loads is of major impor-

tance. In addition, nonlinear material behavior has

to be considered.

These and other effects are important for engine

analysis.

Figure 20: Simple engine model

Daimler AG, Commercial Vehicle Division)

Heat Transfer

Applications are e.g. the analysis of operating tem-

peratures and the aging in an oil bath by simulating

the cooling down process. The following features

are available:

• Nonlinear material behavior with temperature-

dependent conductivity and heat capacity,

• Temperature-dependent heat convection for the

modeling of heat exchange with the surround-

ing,

• Automatic solution method for nonlinear heat

transfer with automatic step control and sev-

eral convergence criteria, i.e. an automatic load

stepping for steady-state analyses and an auto-

matic time stepping for transient analyses,

• Convenient and very detailed specification pos-

sible for loading steps and points in time where

results have to be obtained,
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• Full coupling to subsequent static analysis

(steady-state and transient),

• Heat exchange by radiation can be included, if

this makes a relevant effect on the temperature

field.

• If temperature fields are available for cylinder

head and engine block, then other parts may

not yet have temperatures, like gaskets or bolts.

Then temperature mapping procedures using

the submodel technique are avilable to provide

all parts with proper temperatures (see submod-

eling on page 53).

Figure 21: Contact status for gasket elements

Statics

Static deformations are calculated under various

loads with linear and nonlinear material behavior:

• Nonlinear material models:

– plastic deformation,

– nonlinear elastic,

– creep,

– cast iron with different material behavior un-

der tension and compression.

• Gasket elements:

– for convenient simulation of sealings,

– the behavior of sealings is described by mea-

sured pressure-closure curves,

– input of many unloading curves possible.

• Contact analysis:

– many contacts possible (> 100,000),

– unrivaled short run times,

– most advanced solver technology,

– friction can be taken into account with transi-

tions between sticking and sliding,

– bolt conditions can be applied in one step,

– specification of a realistic loading history,

– If an engine has many parts, which are con-

nected only by contact, the RBM assistant

in VisPER helps to avoid rigid body modes

by applying compensation springs (see page

41).

– contact results: contact pressure, contact

status, contact forces, saturation, etc..

• Submodeling:

– for subsequent local mesh refinements,

– automatic interpolation of displacements to

get kinematic boundary conditions for a finer

mesh,

– then, a local analysis is performed e.g. to

achieve more accurate stresses.

Figure 22: Pressure distribution at stopper

over the angle

High performance

Due to typically large models in engine analysis all

analysis methods are oriented towards highest pos-

sible performance. The following points can be high-

lighted:

• outstanding performance through special algo-

rithms for large models with nonlinear material

and contact,

• contact algorithms have been strictly designed

to meet the needs of large models with many

contacts,

• unrivaled fast method for linear material and

contact.

• Gasket elements can be handled as integral part

of the contact iteration instead of a feature in

nonlinear material analysis (i.e. CCNG analysis,

Contact Controlled Nonlinear Gasket analysis).

If no other material nonlinearities are present

in the model, run time reduction factors can be

higher than 10 (e.g. for analysis of combustion

engines with pretension, temperature loads, and

cylinder pressures). In cases, where other ma-
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terial nonlinearities are present in the model, a

run time reduction by a factor of about 2 can still

be achieved.

• An additional speed-up can be obtained, if a

contact analysis is repeated. The resulting con-

tact status of a contact analysis is stored in so-

called contact status files. These contact sta-

tus files may be used as starting point for the

subsequent contact analysis. In case of small

changes, this will essentially reduce the run time

of the new contact analysis.

• If several temperature fields are used several

times in an engine analysis, e.g. to calculate

several load cycles with different temperatures

like in a cold and hot engine, then a special al-

gorithm can be used to accelerate the analysis

significantly (see Fig. 118).

Dynamics

By using the same software for dynamic and static

simulations only one structural model is necessary.

All dynamic methods are available for engine anal-

ysis (see pages 89 to 96). Some important points

are:

• Eigenvalues and mode shapes for large solid

models can be calculated using MLDR (see

page 91).

• Fast dynamic condensation methods support

the efficient analysis of engines with many at-

tached parts (DEVX, see page 90).

• By using dry condensation (page 90) even fluids

can be integrated in a dynamic model without

taking along pressure degrees of freedom (e.g.

in an oil pan).

• Calculation of sound particle velocity is sup-

ported for the evaluation of noise emission of

engines.

In order to facilitate the transition from static analysis

with contact to dynamic analysis, a contact locking

feature is provided (see page 77). By using this fea-

ture, the results of any loading state in static anal-

ysis of an engine can be used for a subsequent

dynamic analysis. A contact pressure dependent

threshold value for the locking of contacts is avail-

able to fit dynamic results to experiments, if neces-

sary.

Part Connections

The modeling of part connections essentially deter-

mine the quality of simulation results. On the other

hand modeling of connection details is sometimes

complex and time consuming. Hence, analysts want

to have simplified models for various connections

giving satisfactory simulation results. Consequently,

part connection is a typical modeling feature in the

area of tension between modeling effort and result

quality.

There are two different classes of part connections

which will be subsequently described in more detail:

• Structural connections,

• Connection elements.

Structural Connections

Parts can be coupled at their surfaces in different

ways:

• For the connection of e.g. two cylindrical parts,

where the inner part has a slightly greater outer

diameter than the inner diameter of the outer

part, a press fit connection can be used, where

the interference is directly modelled without con-

tact. As a consequence, a press fit connection

will remain under all loads.

• Tied coupling (i.e. coupling remains under both

tension and compression). This is typically

achieved by kinematic constraints (see page

58).

• Contact (i.e. connection can open and close

during loading). This is the topic of contact anal-

ysis (see page 73).

In all cases, the surfaces of coupled parts can be

meshed compatibly or incompatibly (see the part

coupling on page 56). The latter is an advantageous

feature reducing modeling effort, because parts can

be meshed independently.

Tied coupling can be used with all analysis types

(like static and dynamic analysis). But in case of

contact, e.g. a subsequent dynamic analysis needs

one additional analysis step. This step includes

a contact analysis where the final contact status

is locked (i.e. contact locking, see page 77). In

this way, a linearization of the contact problem is

achieved. Fig. 23 describes the process of dy-

namic analysis for engine structures under preten-

sion load. Before bolt pretension is applied, the

parts of an engine can vibrate separately, but af-
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Figure 23: Dynamic analysis of an engine

under pretension load

ter bolt pretension is applied, the engine assem-

bly vibrates as one single body. This behaviour is

achieved by locking the contact areas where the

parts are in contact. Other areas are kept uncou-

pled, where no contact is in place.

Once, contact locking is applied, eigenvalue analy-

sis and frequency response analysis can be used.

Even optimization of frequency response functions

can be used, e.g. to reduce sound radiation of en-

gine. Fig. 24 shows the effect of moving the ribs on

the engine surface and the effect of increasing rib

thickness to reduce sound radiation of the engine

block. The ribs are meshed incompatibly from the

engine block. Hence, the ribs can easily be moved

on the surface without re-meshing of engine block

and ribs. This is used by a shape optimization.

Figure 24: Optimization of rib thickness

and rib position to reduce sound radiation from engine

block surface

Connection Elements

Following features can be seen as connection ele-

ments:
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• Bolt connections:

They are often used under pretension. So, con-

tact analysis is applied to define prestressed

bolts (see page 75 for more details).

The thread coupling of bolts is of particular im-

portance for short bolts (like in Fig. 25), because

any cut through the shaft of a short bolt will be

warped under pretension.

• Weld spot connections:

Typical weld spot connections consist of an el-

ement at the weld point location, which is used

to model the additional spotweld stiffness and

an MPC condition which couples the element

forces to the connected flanges. These flanges

typically have incompatible meshes (see page

57 for more details on automated spotweld mod-

eling).

A refined spotweld model is also available which

shows improved stiffness representation and re-

duced sensitivity against different mesh sizes at

the connected flanges (see page 112).

• Sealing connections:

For convenient modeling of sealings gasket el-

ements are available which define the nonlin-

ear behavior in a preferential direction by force-

displacement curves.

Contact analysis is used to solve static sealing

problems, where the force-displacement curves

are handled as an internal contact.

In dynamic analysis, the typical frequency-

dependent stiffness and damping of a sealing

is modeled by spring-damper systems (see next

list item and Fig. 150).

• Spring-damper connections:

In dynamic analysis, many joints have an in-

fluence on stiffness and damping. Such joints

are modeled with spring-damper systems which

also allows to model frequency dependent stiff-

ness and damping properties (see Fig. 150).

Figure 25: Short bolt under pretension

Brake Squeal Analysis

Brake squeal is a known phenomenon since brakes

are used, and despite intensive research for many

decades there are still coming new cars to the mar-

ket which are squealing so heavily that expensive

warranty cases arise for the manufacturers. This

holds not only for passenger cars but also for com-

mercial vehicles, the same for rail cars or aircraft

brakes or even bicycles. Also, not only disk brakes

but also drum brakes are affected.

Figure 26: Brake model

by courtesy of Dr. Ing. h.c. F. Porsche AG in Stuttgart,

Germany.

There is no lack of numerical approaches to make

brake squeal computable but up to now the com-

plexity of the phenomenon has prevented massive

computations in this field due to very long comput-

ing times. As long as one set of parameters for one

brake requires many hours of computing time, it is

practically impossible to study geometrical modifi-

cations to get a configuration which does not exhibit

squealing under all typical operating conditions.

Brake squeal is widely understood as friction in-

duced dynamic instability. Therefore, two principal

approaches are available: Transient analysis and

complex eigenvalue analysis. Due to high computa-

tional effort for transient analyses obviously stability

is more effectively studied by a complex mode anal-

ysis.

The analysis can be split up in following steps:
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Figure 27: Simple brake model (1)

with an unstable bending mode (m=2, n=1) at 2,54 rps

Figure 28: Simple brake model (2)

with an unstable bending mode (m=3, n=1) at 3,98 rps

• A linear static analysis with contact and friction

under brake pressure and rotation. There, slid-

ing between disk and brake pad can be pre-

scribed by a rigid body motion to determine the

sliding velocity.

• A real vibration mode analysis using the previ-

ously calculated contact status. This requires

a linear model for the contact status which is

achieved by contact locking.

• A complex mode analysis with additional fric-

tional and rotational terms. Gyroscopic and stiff-

ness terms are taken into account which con-

sider the disk as elastic structure in an iner-

tial reference system. Additional stiffness and

damping terms are derived from the frictional

contact state perviously calculated in the con-

tact analysis.

As usual instabilities are detected by a complex

mode analysis if the real part of the complex eigen-

value becomes positive or the effective damping ra-

tio becomes negative.

Figure 29: Simple brake model (3)

with an unstable bending mode (m=2, n=1) which

becomes unstable at different rotational speeds

dependent on the frictional coefficient.

A complex mode analysis is performed in one com-

puting run for the full range of interesting rotational

speeds. By this sweep all relevant points of insta-

bility are obtained for one set of brake parameters.

Successive computing runs are then used to study

parameter modifications in order to establish a sta-

bility map for all important influencing effects.

As an example a simple brake is used which exhibits

various instabilities at different rotational speeds

(see Fig. 27 and Fig. 28). Each of the diagrams

shown was generated by one single computing run.

This analysis is repeated several times to get the

influence of the frictional coefficient between brake

disk and brake pad (see Fig. 29).

A similar study was made to get the influence of
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Young’s modulus of the brake pad. Figure 30 shows

a corresponding example.

Figure 30: Simple brake model (4)

with an unstable bending mode (m=3, n=1) which

becomes unstable at different rotational speeds

dependent on Young’s modulus of the brake pad.

To illustrate the required run times for such analyses

corresponding computing times are given for a large

industrial model with the following characteristics:

480,000 Elements

900,000 Nodes

2.1 Million Unknowns

218 Real eigenmodes

240 Complex eigenfrequencies

80 Rotational speeds

For this example the full elapsed run time with

PERMAS Version 18 is 12 minutes on an Intel E5-

2697 v4 processor (18 cores / 2.3 GHz) with 105 GB

memory.

By such computing times an extensive parameter

study of a brake will be possible in short time.

Such a parameter study can be used to generate a

stability map of a brake (see Fig. 31). There, all

unstable modes from complex eigenvalue analysis

are collected for a large number of different param-

eter sets. This allows the identification of frequen-

cies where squealing could occur. The information

contained can be used to detect those parts of a

brake which are candidates for modification to im-

Figure 31: Stability map of a brake

for 7110 parameter sets from rotational speeds, Young’s

modulus of disk, and frictional coefficient between disk

and pad. The total run time for this stability map was 5

hours 12 minutes.

prove brake squeal behaviour.

Figure 32: Campbell diagram

for the evaluation of rotor dynamics

Rotating Systems

The available static and dynamic analysis capabili-

ties can be used to analyze rotating systems, which

imply additional constraints to the solution.

Fig. 33 provides an overview on the analysis capa-

bilities for rotating structures. Both co-rotating and

inertial reference systems can be applied.

Static Analysis

In a quasi-static analysis, which may include con-

tact at the hub, the centrifugal forces due to rota-

tion are taken into account. The reference system is

co-rotating or inertial (with axisymmetric rotor). The

static analysis is possible below critical speed.
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Figure 33: Rotor dynamics capabilities

In a linear analysis, the centrifugal stiffness and the

geometric stiffness at the given rotational speed are

taken into account. In a geometrically nonlinear

analysis, an update of the centrifugal forces will take

place.

Dynamics

In order to get the relation between eigenfrequen-

cies and rotational speed an automatic procedure is

available (see Fig. 32 and page 90) which directly

generates all values for a Campbell diagram.

For dynamics of rotating systems, the assumption is

a linearized equation of motion with constant coeffi-

cients. A co-rotating or inertial reference system is

taken. If rotating and non-rotating parts are present,

the rotating part can be modeled as elastic body.

The rotational speed is expected to be constant.

In the case of a coupling of rotating and non-rotating

parts in a co-rotating reference system, no restric-

tions have to be observed for the rotating parts, but

the non-rotating parts have to provide isotropic sup-

port to the rotor.

For such configuration, all direct and modal methods

in time and frequency domain can be applied in the

subcritical and overcritical frequency range. During

response analysis the Coriolis matrix is taken into

account.

In the case of dynamics in an inertial reference

system, no additional restrictions have to be ob-

served for the non-rotating parts, but the rotating

parts have to be axisymmetric.

Also for such configuration, all direct and modal

methods in time and frequency domain can be

applied taking into account the gyroscopic matrix.

Modal methods remain applicable even for the over-

critical range of rotational speeds.

To determine the critical rotation speed a Campbell

diagram can be used. In the co-rotating reference

system, the Campbell diagram will show zero eigen-

values at certain rotational speed.

Rotation speed dependent stiffness and viscous

damping of rotor supports can be taken into account

during complex eigenvalue analysis and for the gen-

eration of a Campbell diagram. This feature can

be modeled by a special element (i.e. CONTROL6,

siehe Abb. 146).

For dynamics modal steady-state response is of

particular importance. There, the static stresses un-

der centrifugal load are determined first. Then, with

geometrical and centrifugal stiffness, the static dis-

placements are derived. On the basis of real eigen-

value analysis, several modal frequency response

analyses are performed for each harmonic. After

back transformation to physical space, the results

for all harmonics and the static case are superposed

in the time domain (see page 93).

Analysis of Machine Tools

For the development of machine tools, dynamic be-

haviour of the complete system is of utmost impor-

tance for the efficiency and precision of the ma-

chines. The complete system consists of structural

parts, drives in different axes, and control. During

machining the interaction between workpiece and

tool generates cutting forces which may cause vi-

brations in the system. These vibrations have to be

sufficiently damped by all system components. Fi-

nally, the machine tool has to provide high speed

and high precision.

All dynamic analysis methods can also be used

for machine tool analysis, like eigenmode and fre-

quency response analysis, complex mode analysis,
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and time-history response analysis. In addition, op-

timization methods can be used to propose model

modifications which improve the characteristics of

the machine tool like weight, static response, and

dynamic response.

Figure 34: Simplified model of a turning machine

as proposed by WZL in Aachen and supported by

INDEX, Esslingen for setting suitable parameters

An example of a turning machine has been pro-

posed by WZL Institue in Aachen (see Fig. 34). The

parameter setting was supported by INDEX-Werke

GmbH & Co. KG in Esslingen.

The following typical machine components were

used to set-up the model:

• Structural components:

Machine bed, carriages, and headstock are usu-

ally modeled by solid elements (see Fig. 34).

• Guide rails:

They are part of structural components, but their

proper connection is modeled by spring-damper

combinations, where the spring and damper

forces are connected to the solid structures tak-

ing incompatible meshes properly into account.

• Ball screw drives:

They are modeled by beam elements. Their

function is to transform a rotational motion of

the drive to a translational motion of the car-

riage. This transformation is achieved by a

proper MPC condition taking the diameter of the

screw and the pitch of its thread into account.

• Spindle with workpiece:

Spindle and workpiece are usually modeled with

solid elements. The coupling to the headstock

is done by a special element combined with a

suitable MPC condition. The special element is

used to provide rotation speed dependent stiff-

ness and damping values for the spindle support

Figure 35: Block diagram of used controller and

corresponding finite element representation

(see Fig. 146).

• Control:

In order to include a controller in the model a

finite element has been developed which repre-

sents a so-called cascade controller as shown in

Fig. 35. This cascade controller is able to repre-

sent position and velocity control beside some

filters and a current controller. This control el-

ement comprises the typical control steps used

in machine tools and has been developed based

on the experience of machine tool manufactur-

ers.

The actuator force is applied as a moment on

the ball screw drives of both feed axes (Z axis

and X axis). The sensors for relative displace-

ments are located between machine bed and Z

carriage and between Z carriage and X carriage

respectively. The sensors for relative velocities

(based on rotation speed sensors) are located

at the ball screw drives.

The parameter settings have to reflect the ac-

tual controller which will be used for the machine

tool. So, the parameters have to be provided to
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Figure 36: Frequency response between tool and

workpiece due to excitation in Z direction for uncontrolled

(above) and controlled (below) machine

the analyst by the controller development (like

other parameters, e.g. material). Then, the an-

alyst will be able to support the machine design

by full system analysis.

In the example model, there are two controllers,

one for the translational motion parallel to the

spindle axis (Z axis) and one for the motion in

radial feed direction (X axis). The parameters of

the controllers are almost the same except the

parameter m which reflects the moved masses

leading to higher value for the translational mo-

tion.

Typical methods for dynamic analysis of machine

tools include:

• Eigenvalue analysis:

Modal methods are often more efficient due to

the reduction of the model size. But direct meth-

ods are also available.

• Modal frequency response analysis:

Figure 37: Time-history response due to excitation

in Z direction for a sudden position jump (above) and a

smooth position change (below) for the controlled

machine

Fig. 36 shows the frequency response curves

for amplitudes and phases between tool and

workpiece for an excitation in Z direction un-

der uncontrolled (above) and controlled (below)

conditions.

• Modal time-history response analysis:

Fig. 37 shows the response to a sudden jump

(above) and a smooth position change (below)

of the tool in translational Z direction. It is worth

mentioning that this calculation already takes

the rotation of the spindle into account (at 2000

rpm).

In addition, it is possible to use nonlinear sup-

port conditions (like those for the spindle sup-

port) in modal time-history response analysis.

• Complex mode analysis:

The damping effect on the eigenfrequencies due

to guides, spindle support, and control can be

determined using complex eigenvalue analysis

(including gyroscopic effects).

• Stability analysis of process:
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Figure 38: Stability chart for longitudinal turning

with stable and instable behaviour under

counterclockwise and clockwise turning.

For the design of a machine tool, the prediction

of instabilities during operation is of utmost im-

portance to the manufacturer. The goal is to de-

sign a machine tool which works stable with high

precision at high speed. The source of instability

is the interaction between tool and workpiece,

where the energy for selfexciting vibrations is

coming from the rotating spindle.

In order to make the nonlinear turning process

predictable a cutting force model has been de-

veloped. The cutting force model depends on

the cutting speed, the cutting depth, and the

feed per revolution. The cutting force model re-

quires a number of coefficients which reflect the

combination of a specific turning tool with the

material of the workpiece. These coefficients

have to be calibrated based on a few experi-

ments with the same combination.

On this basis a stability chart and the related

chatter frequencies can be derived (see. Fig.

38). There, one important effect of spindle ro-

tation can be seen. The stability depends on

the rotating direction of the spindle. Here, coun-

terclockwise rotation allows for higher cutting

depths than clockwise rotation of the spindle.

Fig. 38 also shows the time-history response

for one point of operation (see red dot at 1300

rpm) which leads to stable behaviour for coun-

terclockwise spindle rotation and to instable be-

haviour for clockwise spindle rotation.

Some examples of additional applications of opti-

mization are:

• Topology optimization of structural parts for

lighter machine tools taking control and dynamic

conditions (like eigenfrequencies, frequency re-

sponse) into account.

• Shape optimization for getting optimized posi-

tions of supports to ground.

• Sizing optimization of controller parameters to

move eigenfrequencies and to improve fre-

quency response.
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Figure 39: Principles of coupled analysis

with control

Actively Controlled Systems

In the past, the design of machine tools struc-

tures and their control have been made separate

from each other. Today’s drives have an essentially

higher dynamics and this separation of the design

is no longer appropriate due to a strong coupling

between machine and control dynamics. So, the

coupled simulation of structural dynamics and con-

trol becomes a basic requirement for a successful

overall design.

Lightweight structures tend to show higher sensibil-

ity to vibrations. Sometimes, such vibrations can be

damped by active control (see example of a com-

posite box girder in Fig. 40). A dynamic analysis

taking control into account provides a lot of informa-

tion for the design of the structures like the required

damping forces and the related power needed.

For the analysis of controlled structures, the follow-

ing features are supported:

• Linear control elements:

– Three-term (PID) controller,

– Various cascade controllers.

Those control elements link a dynamic vibra-

tional state (measured by a sensor) with a driv-

ing force using classical linear control parame-

ters.

Linear controller elements are handled in the

same way as any other element, i.e. they are de-

fined by their topology together with some prop-

erty values. Of course, there may be any num-

ber of controller elements in one model.

An eight node controller is also available as user

programmable element where the user has to

provide element stiffness and viscous damping

matrices via subroutine.

Figure 40: Active damping of a composite

box girder

• Solution methods:

Linear controller elements may be used only in

dynamic analyses, especially within the follow-

ing solution methods:

– Direct response analysis in frequency and

time domain.

– Modal response analysis in frequency and

time domain, where the modal basis is en-

hanced by static mode shapes to represent

the internal state variables of the controller

elements.

– Complex eigenvalue analysis to judge the ef-

fect of controllers on the dynamic behavior.

• Additional static mode shapes:

Beside the representation of internal state vari-

ables in modal space, static mode shapes

added to the modal basis may be used to im-

prove the accuracy of results of solution meth-
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ods in modal space (see page 94).
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Figure 41: Active suspension unit

u∗

aktiv between wheel M1 and body M2 as a function

f(x0, x1, x2, ẋ1, ẋ2) with a harmonic base excitation. The

body does not show any increase of the amplitude.

• Nonlinear control elements:

In addition, for nonlinear control additional con-

trol elements are available, where the depen-

dency of the controller force on any result value

in the model may be described by a general

function, e.g. by a FORTRAN or C subroutine.

Due to nonlinearities, the application of these el-

ements is restricted to modal or direct transient

response analysis.

X

Y

Z

Figure 42: Optimization of a water box
with 18 design variables and 19 stochastic basic

variables

Basic Optimized One Step

Mass: M 4.09 · 10
−4

3.15 · 10
−4

3.21 · 10
−4

Failure

probability: Pf 4.78 · 10
−6

6.80 · 10
−3

1.55 · 10
−6

Failure rate

(one of): 209205 147 645161

Robust Optimum Design

In order to achieve a robust design, it is not sufficient

to perform a simple optimization:

• Optimization often leads to reduced safety mar-

gins.

• The optimized design may have other critical pa-

rameters than the inital design.

• A “reliable” optimum may be different than a de-

terministic one.

The proposed solution is a combination of optimiza-

tion and reliability analysis. For this combination two

different approaches are available:

• Two step approach

– Basic design

* FE-Analysis (e.g. static analysis),

* Reliability analysis.

– Optimization taking into account reliability

* Optimization,

* Reliability analysis of optimized design,

* If not sufficient:

· Modify the design model according to

reliability results,

· Repeat the optimization and the reli-

ability loop.

• One step approach

– Combined optimization and reliability analy-

sis,

– Reliability as design constraint in optimiza-

tion.

For the one-step approach, the interplay of design

variables in optimization and basic variables in reli-

ability analysis is as follows:

• Design Variables

– define the design state of the structure,

– may be modified by the optimizer,

– may be assigned to one of the following

types:

* Deterministic design variable,

* Deterministic mean value of a stochastic

design variable.

• Basic Variables

– Basic variables define the stochastic proper-

ties of the problem,

– Following types of basic variables are possi-

ble:

* Stochastic properties of the structure,

* Stochastic design variable with determin-

istic mean value,
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generate and export directly the MAC matrix with

the computed mode shapes.

Figure 44: Example of EMA

A ladder frame with measured and computed natural

frequencies and mode shapes. The MAC matrix side

shows strong correlation for five modes.

Fig. 44 shows an example, which kindly has been

made available by Prof. Dr.-Ing. Jörg Bienert of

Ingolstadt University of Applied Sciences. He has

determined the experimental results for the ladder

frame structure, while the simulation and the com-

parison have been made by INTES. The location of

the sensors does not fit to nodes of the FE mesh.

So, interpolation regions were used to connect the

sensor locations with the neighboured nodes of the

FE mesh. By doing so, the computed results are

available at the same points as the measured re-

sults and the comparison can be performed directly

by generating the corresponding MAC matrix.

For the first three modes, the computed and mea-

sured natural frequencies and mode shapes are

shown. We see from the MAC matrix that the modes

four to seven were not available in the experimen-

tal results. The experiment used one-dimensional

sensors, which perfectly detect displacements nor-

mal to the ladder frame. But the computed modes

four to seven show displacements in the plane of the

ladder frame, which are not detectable by the used

sensors.

More information about eigenvalue analysis can be

found on page 89.
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Figure 49: Specifying single point constraints

detail:

The Add&Replace Wizard supports the following

two operations:

• To add a new part to an existing assembly,

– Automatic relabeling of conflicting node and

element numbers,

– Optional positioning to correct misalignment,

wrong direction, different origin, etc.,

Figure 50: Graphics entities for parts

and element groups (select S=Show, C=Colour,

W=Wireframe, A=Active).

– Create connections like MPC, contact preten-

sion, pressfit, etc..

• To replace an existing part in an assembly by a

new part (see Fig. 51).

– Recover existing sets and connections,

– Fit surfaces to new geometry,

– Relabeling of nodes and elements,
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Figure 51: Replacement of model part

– Manage replaced and new part simultane-

ously,

– Keep model consistent.

The Brake Squeal Wizard allows an easy descrip-

tion of complex brake models according to PERMAS

brake squeal technology (see Fig. 52). The key fea-

tures of the wizard to provide model standardization

and to ensure process stability are:

• Fast setup of brake squeal analysis,

• Guided definition of additional physics for the dy-

namics of the analysis task,

• Checking of dynamic definitions and their com-

patibility,

• UCI file generation after wizard completion.

The Design Wizard supports a simulation driven de-

sign (see Fig. 60) by generating and smoothing a

hull for the topology optimization result, repair the

hull mesh, add and checking manufacturing con-

straints, and generating a TET mesh from the hull:

• Topology optimization has great potential to cre-

ate new design ideas,

• Clear separation of material/void areas essential

for automated process to select basic geometry,

• After having derived a new design, further de-

tailed requirements have to be fulfilled (e.g. by

shape optimization),

• Hence, a simulation process chain has to be fol-

lowed that best meets the requirements,

• The simulation chain targets to bridge the gap

between topology and shape optimization,

• The goal is a digital prototype enabling perfor-

mance based design decisions.

The Sampling Wizard supports the set-up of a sam-

pling model by preparing the sampling situation, as-

signing the selected variables, defining the sam-

ple value ranges, and specifying the result item for

which the sampling should be performed (see also

page 71).

The Pressfit Wizard supports the set-up of a pressfit

connection by selecting the pressfit partners, defin-

ing the pressfit parameters and loads, and specify

the load history, if any.

Figure 52: Preprocessing of brake models

A RBM Assistant (Rigid Body Mode Assistant) is

available which provides an efficient workflow to

generate elastic supports for static models. In par-

ticular for contact models, compensation springs
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can be comfortably generated by this assistant (see

page 75).

Figure 53: Material reference system

for anisotropic material

VisPER also provides some useful tools to support

the cooperation with PERMAS, e.g.:

• A message tree is provided to summarize di-

agnostics and to provide additional information

(like tool tips). The dialog provides parsing of the

PERMAS protocol file. There is a direct relation

to model entities mentioned in the diagnostics.

• Information about the model is provided by a

tree view of all processed input files.

• VisPER can be configured to submit a PERMAS

batch job.

• Imported results and the related post-

processing model can be exported to other

formats (like MEDINA or HyperView).

VisPER contains a complete set of post-processing

functions, e.g.:

• Complete overview on all available results (see

Fig. 54).

• Multiple viewers see fig. 55

• Direct selection of results for visualization from

Figure 54: Post-processing

the overview.

• Dependent on the result type, deformations,

scalar results (colored on model surface], vec-

tor results (arrow length and arrow color), ten-

sor results (like stresses), filling ratios (like from

topology optimization) and XY data can be visu-

alized.

• Single result columns, single components or

component groups (like translation or rotation)

as well as mapping using a defined function (like

LOG or ABS) van be selected.

• A great variety of arithmetic operations on re-

sult combinations is possible (e.g. difference of

kinetic and strain energy density). Each single

column may be used as operand. All functions

with matching number of input parameters can

also be used (e.g. logarithmic function to post-

process acoustic levels).

• The visualization of tensors and principal stress

components is colored due to values.

• Viewing angles and direction as well as part se-

lection or cutouts can be defined.

• Optionally, the visualization may include a leg-

end, where the relation of color and value can

be adapted as well as the size and position of

the legend.

• Viewings may be stored as pictures, and ani-

mations can be specified and stored as GIF or

video.

• Particular result values (e.g. at nodes or ele-

ments) may be included in the evaluation by an-

notations.

• Clipping planes may be defined and allow for a
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view on the interior of a model.

Figure 55: Multiple viewers

Figure 56: Topology optimization of a gearwheel

Definition of cyclic symmetry and release directions,

max. stress at interface between design space and gear

rim, max. allowed weight, minimum compliance as

objective function (by courtesy of Daimler AG, Stuttgart).

VisPER-TOP – Topology Optimization

This module provides a wizard supporting the set-

up of an optimization model for topology optimiza-

tion tasks. The details of topology optimization in

PERMAS can be found on page 104.

The wizard provides guidance through the optimiza-

tion modeling by the following steps:

1. The basics contain the specification of the de-

sign space and the related design elements. For

the filling ratio a number of conditions can be

specified like initial fill, modification limit, and

minimum and maximum values.

2. The manufacturing constraints contain the def-

inition of release directions, filters for minimum

and maximum member size, and symmetry con-

ditions (see Fig. 56 as an example). A special

function allows the specification of a fixed mold

parting line which separates opposing release

directions.

3. Design constraints can be specified dependent

on certain analysis types for various result quan-

tities (like compliance, weight, displacement,

frequency). One of the constraints is selected

as design objective.

In addition, post-processing of topology optimization

results is supported by VisPER, too. Hull genera-

tion, smoothing and polygon reduction can be per-

formed beside the export of smoothed surface (see

page 107 for details of these results). Fig. 56 also

shows the smoothed hull of the gear wheel body.
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the model with new coordinates.

• A hull generation is supported also for the new

shape after shape optimization.

Figure 60: Operations of design wizard

Design Wizard

This wizard plays a centrol role to provide a work-

flow for “Design by Simulation” or for “Generative

Design”, see fig. 60. It provides functionality for:

• Creation of a regular hull based on a topology or

shape optimization

• Smoothing and remeshing of the hull to prepare

a new tesselated geometry representation

• Checking of manufacturing conditions, see fig-

ure 61

• Geometry re-creation to prepare a new design

variant or to export a geometry to CAD.

This process allows also a re-use of unchanged

geometry “Hybrid Geometry”

Figure 61: Check of overhang angle

red: critical angle, blue: non-critical, other colors: no

value (i.e. >90°).

VisPER-FS – Fluid-Structure Coupling

This module mainly provides a wizard supporting

the semi-automatic fluid meshing of a cavity, where

the surrounding structure is given as input. The wiz-

ard supports the following steps, where the numbers

correspond to the numbers in Figs. 62 and 63:

1. A recommended mesh size is calculated based

on a frequency range for subsequent analysis.

2. Hole detection is performed automatically. Only

those holes are detected which are larger than

a defined minimum element size.

3. Due to difficult topological situations, some

holes cannot be detected automatically. Then,

undetected holes can be specified in addition.
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4. Hole meshing is performed automatically using

elements which do not introduce any stiffness or

mass (like plot elements). They are just used to

specify the topology of the hole and to limit the

subsequent cavity meshing.

Figure 62: Steps 1 to 4 of the FS wizard
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5. Seed point definition is made by the user. This

specifies the starting point for the cavity mesh-

ing.

6. Cavity meshing is performed automatically.

Voxel meshing is used and leads to a

hexahedra-dominant mesh. The hexahedra-

dominant mesh provides a low number of pres-

sure degrees of freedom compared to tetrahe-

dra meshes (where the element orientation in-

fluences the result, too).

7. When meshing is finished, there are some ele-

ments penetrating the hull of the cavity. These

penetrations are resolved by a relaxation pro-

cess which is performed automatically.

8. The last step automatically generates the cou-

pling elements between fluid and structure.

Their nodes have both pressure and displace-

ment degrees of freedom.

Details of the fluid-structure acoustic simulation can

be found on page 96.

Figure 63: Steps 5 to 8 of the FS wizard

© INTES GmbH Stuttgart Page 47

http://www.intes.de
http://www.intes.de/


PERMAS Product Description V19 PERMAS

Figure 64: Contact modeling

Contact topology and load history definition

VisPER-CA – Contact Analysis

This module provides two wizards supporting the

set-up of a contact model and bolt pretension. The

details of contact analysis in PERMAS can be found

on page 73.

The contact wizard provides guidance through the

contact modeling by the following steps and pro-

vides a graphical check of already existing contact

definitions:

• Definition of the contact topology with node-to-

node, surface-to-node, or surface-to-surface re-

lationship.

• Definition of the contact details like intial gap

width and frictional coefficients. This information

is specified as load case dependent data.

• Definition of a load history, which specifies the

activation and deactivation for all loadcases in a

contact analysis (or in a static analysis in gen-

eral). See the example in Fig. 64.

• Checking of contact definitions by highlighting

while the model is shown by contour lines.

A pretension wizard allows an easy description of

complex bolt definitions according to PERMAS pre-

tension technology:

• Bolts are detected automatically and grouped

with respect to their length and direction.

• The coupling surfaces in the thread area are

proposed and can be adjusted or confirmed af-

ter visual checking.

• The wizard is capable to detect holes for screw

candidates.
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Figure 71: PCGen logo

VisPER-PCGen – PERMAS Component
Generator

PCGen is a modeler add-on for VisPER, specialized

in quasi axisymmetric structures such as fluid tanks,

see figure 74.

PCGen is meant as a (pre-)design tool. It allows

the creation of complete PERMAS models, ready

for simulation and even optimization, from scratch

and with little knowledge of the PERMAS solver. It

allows fast design to simulation loops.

Figure 72: PCGen files

Figure 73: PCGen Workflow

PCGen relies on a library of parametrized objects

to generate complete FE models, and requires no

CAD data to generates a mesh. This makes it possi-

ble to create complete finite element simulation files

(DAT and UCI) at early design stages, when CAD

data is not yet available and when design evolves

fast. PCGen also generates quickly mesh variants

for various analysis purposes (e.g. fine mesh for

static buckling and coarser mesh for dynamics). Op-

tionally, the geometry can be exported as a CAD

STEP format.

Figure 74: PCGen featured products

Figure 75: PCGen GUI

The user interface is organized along the main mod-

eling tasks. The model has a hierarchical organiza-

tion, which allows properties inheritance for a faster

modification. PCGen provides various feedbacks to

the designer, such as model consistency and com-

pletion, and analytical masses. Documentation and

tutorials are available.
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PERMAS Basic Functions

Substructuring

PERMAS allows to decompose a model into sub-

structures – the so-called Components. Like single

elements in a FEA-model, these Components may

be inserted into a superior structure – the Configu-

ration.

• The number of Components is not limited and

each Component may be arbitrarily large and

complex.

• Components and Configurations are identified

by user defined names.

• Each Component has its own name index for

element-, node-IDs, etc.

• Each Configuration may consist of an arbitrary

number of Component levels and each level

may contain elements, loads and constraints.

The specification of the coupling degrees of

freedom in each component (the so-called ’ex-

ternal’ degrees of freedom) allows the auto-

matic assembly of the complete Configuration.

The condensation of the components is per-

formed using Guyan’s reduction.

• In addition to the static condensation using

Guyan’s reduction a dynamic condensation us-

ing the Craig-Bampton method or the Mixed-

Boundary Craig-Bampton method is available.

• Specific reordering concepts in conjunction with

explicit and iterative condensation schemes and

automatic selection of algorithms provide high-

est solution efficiency.

Basic Components

COMP_5

COMP_4 COMP_6

COMP_1 COMP_2 COMP_3

Configuration 

Top Component

Assembled Components

Figure 76: Substructuring in PERMAS

• The data base can hold an arbitrary number of

Configurations.

• Multiple Configurations may share the same

Components.

• Components may be extracted and saved for

future substructuring either by their model de-

scription or by the corresponding condensed

matrix models (see section Matrix Models, page

67).

• Such matrix models may be forwarded to cus-

tomers and suppliers in place of the real geo-

metric models.

• Substructuring permits the separated modeling

and verification for all parts of the structure, prior

to the final assembly.

• Single FEA models from distinct modeling

sources, can be easily combined.

• Areas with design variations or nonlinear prop-

erties may be assembled into separate Compo-

nents, thus concentrating modifications and iter-

ations on this Component only. This will mea-

surably cut computation time and resources.

Figure 77: Submodeling in static analysis

Submodeling

This feature supports the use of previously calcu-

lated results from a coarse (global) model as bound-

ary conditions for a refined mesh of a part of the

model. This enables e.g. a subsequent more pre-

cise analysis of stresses (see Fig. 77).

In a static analysis the displacements at the bound-

ary of the refined part are taken from the full model

as prescribed values.

For temperature fields, the interpolation on the side

of the fine mesh is usually done in 3D (see Fig. 78).
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culations are avoided when using a Variant re-

peatedly.

Figure 81: Cyclic symmetry of a fan

Behr GmbH & Co., Stuttgart, Germany.

Cyclic Symmetry

Cyclic symmetric structures like Fig. 81 are charac-

terized by a number of identical sectors each rotated

by a multiple of the sector angle around the axis of

symmetry.

Cyclic symmetric structures can be handled directly

for static analysis with matching cyclic symmetric

loads and real eigenvalue analysis (see modules LS

and DEV on pages 73 and 89). There, the analy-

sis of the whole structure is replaced by a series of

analyses for one sector with different boundary con-

ditions. In addition, the number of nodal diameters

has to be specified, i.e. number of waves along the

perimeter.

Substructuring can be used to model a sector and

the analysis of cyclic symmetry is performed in the

top component.

In topology optimization (see module TOPO on

page 104) the result can be forced to become cyclic

symmetric.

A Coleman transformation or Multi-Blade Coordi-

nate transformation (MBC transformation) is avail-

able for rotating cyclic symmetric structures. A real

eigenvalue analysis based on a previous static anal-

ysis is used to start a complex eigenvalue analysis

to evaluate the stability of a rotor with anisotropic

elastic support.

Figure 82: Incompatible meshes
Cardan shaft model in sectional view

(Voith Turbo GmbH & Co. KG)

Surface and Line Description

The description of surfaces in PERMAS is used for

the specification of structural parts which have to

be coupled automatically (see next section). This

description is made using one of the following meth-

ods:

• by specifying element surfaces, e.g. for a set of

volume elements (for Sets see page 63),

• by specifying geometry elements (see element

library page 60).

For surfaces very accurate coordinates are fre-

quently required (as e.g. for contact with incom-

patible meshes), which are not available through

the pre-processor used. Such surfaces can be

smoothed internally by correction of runaways,

which leads to very precise surfaces for more ac-

curate analysis results.

For surfaces with quadratic elements, a linearization

is available, which makes the midside nodes linearly

dependent on the corner nodes. If these surfaces

are used in contact definitions, then the surfaces will
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also provide contact pressure results. A special ex-

port item allows to visualize the surface definitions.

Definition and visualization of surfaces are fully sup-

ported by VisPER.

In the same way does the description of lines serve

as specification of structural parts which have to be

coupled automatically along lines (see next section).

This description is made using one of the following

methods:

• by specifying element edges, e.g. for a set of

face elements (for Sets see page 63),

• by specifying geometry elements (see element

library page 60).

Figure 83: Incompatible meshes

Element transition (HEXE8/TET10)

Automated Coupling of Parts

The automated coupling of incompatible meshed

parts brings a number of benefits for the user:

• It allows for a much more flexible organization

of the model generation where single parts are

administrated and exchanged.

• It facilitates a fast modification cycle for virtual

prototypes.

• Accurate mesh transitions without bad elements

are possible.

• Welding spots and surface contact become

much easier with automated part coupling.

The coupling definition consists of the following

steps:

• Definition of a guiding surface and the degrees

of freedom to be coupled

Figure 84: Ribbed shell model
with compatible meshes (left) and

incompatible meshes (right)

• Definition of a dependent surface or node set

X
Y

Z

Figure 85: Application of local mesh refinement

Subsequently the neighborhood computation takes

place and the parts are connected by MPC-

conditions automatically. The result of the neighbor-

hood computation is available for post-processing

and verification purposes.

The coupling is a general feature that may also be

used for coupled analyses, where different mesh

densities occur due to the modeled physics. One

example is a coupled fluid-structure acoustic com-

putation, where the acoustic mesh may be coarser

than the mechanical part.

One valuable advantage of incompatible meshes is

their use in shape optimization. The position of bolts

or ribs can be optimized in a shape optimization

without any remeshing of the structure. Fig. 87

shows an example, where the initial position and the
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Figure 86: Results for part assembly

with compatible (left) and incompatible (right) mesh

final position of the bolts are very different. Never-

theless, after a number of iterations the final position

is reached which is still symmetric and shows iden-

tical bolt forces for all the bolts.

Figure 87: Shape optimization
with incompatible meshes to achieve smallest relative

displacements and identical bolt forces

(top: initial design, bottom: final design; in between: bolt

forces for each iteration)

Automated Spotweld Modeling

For the automated modeling of spotwelds neigh-

boured surfaces are connected using predefined

points:

• Specification of spotweld positions

• Selection of (incompatible) faces

Figure 88: Connection of spotweld forces

• Specification of spotweld stiffness and (option-

ally) the spotweld diameter

Figure 89: Spring element at spotweld position

The spotweld stiffness is modeled by a spring ele-

ment, which is coupled to the neighboured parts by

automatically generated MPC conditions (see Fig.

89). Available results are the spring forces and the

reaction forces at the coupling nodes of the joint

parts.

Figure 90: Spotwelds and incompatible meshes

For verification purposes the topology and the con-

necting vectors of the generated spotweld connec-

tions can be issued for graphical post-processing

(see Fig. 91).

A more sophisticated spotweld model has been de-
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Figure 91: Verification of spotweld connections

veloped with module WLDS (see page 112). Using

very simple modeling it achieves best possible re-

sults.

Local Coordinate Systems

Local coordinate systems are used as reference for

node coordinates or other coordinate systems to fa-

cilitate the model description. Also, rotated node

bases, loads, and anisotropic materials may make

reference to local coordinate systems. The types of

local coordinate systems can be seen from Fig. 92.

Local coordinate systems may be defined in a visual

manner by VisPER.

Kinematic Constraints

For the specification of single point kinematic con-

straints (absolute constraints) suppressed and pre-

scribed degrees of freedom are available for zero or

non-zero displacements, respectively.

Multilinear kinematic constraints (relative con-

straints) between several degrees of freedom are

described by the use of so-called Multi Point Con-

straints (MPCs).

PERMAS offers a great number of various MPCs –

all of them comfortable tools for modeling:

• Multiple degrees of freedom may be forced to

have identical freedom values by simple As-

signment (for modeling swivels, hinges or slid-

ing surfaces and for boundary conditions in

cyclic symmetry).

• Rigid Bodies allow the modeling of rigid parts

within an elastic structure. There can be one or

several guiding degrees of freedom and one or

several dependent degrees of freedom, too.

• Interpolation Regions may be used for mesh

refinements, coupling of incompatible meshes,

Figure 92: Local coordinate systems

in VisPER

distributing loads, or transfer of results between

different meshes:

– lines with 2 or 3 guiding nodal points,

– triangular and quadrilateral areas with 3 or 6

and 4, 8 or 9 guiding nodes, respectively,

– Volume areas as hexahedra (with 8, 20, 27

nodes), pentahedra (with 6, 15, 18 nodes),

tetrahedra (with 4, 10 nodes), pyramids (with

5 nodes).

• Coupling with surfaces may be used for cou-

pling of incompatible meshes. All degrees of

freedom at all nodes belonging to dependent

node set, dependent surface or dependent sur-

face set are forced to have displacements (or

temperatures etc.) which are determined by in-

terpolation of the corresponding values at the
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In dynamic mode analysis the rigid body modes are

detected and decoupled automatically.

In dynamic response analyses in the time or fre-

quency domain the absolute response results from

a superposition of the elastic and the rigid body re-

sponse.

Element Library

The PERMAS elements are generally usable for dif-

ferent types of physical degrees of freedom (like

displacements, temperature, electromagnetic po-

tential, etc.), beside some specific, application-

dependent elements. Currently, the following ele-

ments are provided (see also Fig. ELTS):

• Solid Elements:

– tetrahedra with 4 or 10 nodal points and

straight or curved edges,

– pyramid element with 5 nodal points,

– pentahedra with 6, 15, or 18 nodal points and

straight or curved edges,

– hexahedra with 8, 20, or 27 nodal points and

straight or curved edges.

– hexahedra with 8, 20, or 27 nodes, pentahe-

dra with 6, 15, or 18 nodes, tetrahedra with

4 or 10 nodes, and pyramid element with 5

nodes as fluid elements.

– Two different special heaxaedra with 8 nodes

for dynamic visco-elastic calculations (see

page 95).

• Flange (Rod) and Membrane Elements :

– flange elements with 2 or 3 nodal points,

– triangular elements with 3 or 6 nodal points

and straight or curved edges,

– quadrilateral elements with 4, 8 or 9 nodal

points and straight or curved edges,

– quadrilateral shear panel with 4 nodal points.

• Beam Elements with 2 nodal points, optionally

with or without rigid lever arms (offset nodes):

– beams with arbitrary shaped solid cross sec-

tion,

– thin-walled profiles and tubes with open or

closed cross sections,

– thin-walled open or closed tubes with cross

sections tapered along the beams’ length

axis,

– fluid-filled or fluid-surrounded straight or

curved pipe elements.

Figure 95: Overview on element types

• Plate and Shell Elements :

– triangular or quadrilateral elements for thin

and moderately thick plates and shells.

– triangular or quadrilateral elements sandwich
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shells.

– a thin-walled triangular plate element follow-

ing Kirchhoff’s Theory.

– triangular (with 3 or 6 nodes) and quadrilat-

eral elements (with 4, 8, or 9 nodes) with 3-

dimensional shell formulation for linear and

non-linear material.

– triangular and quadrilateral elements for lay-

ered cross-sections (composites).

• Discrete Elements:

– linear and non-linear spring elements,

– various mass elements,

– linear and non-linear damper elements,

– control elements,

– elements with direct matrix input,

– hysteresis elements.

• Elements for contact analysis:

– Gasket elements defined by a nonlinear

pressure-closure curve. This curve can also

reflect an additional gap to the neighboured

part in the unloaded initial configuration.

– Compensation springs to ground or between

2 nodes with 3 translational DOF, or between

two nodes with 1 translational DOF.

• Scalar Elements:

– spring elements between 2 degrees of free-

dom or for a support of 1 degree of freedom

to ground,

– damper elements between 2 degrees of free-

dom or for a connection of 1 degree of free-

dom to ground,

– scalar masses for 1 or 2 nodal points,

– scalar mobility element for fluid meshes.

• Load carrying membranes in form of triangular

respectively quadrilateral areas for load applica-

tion and stress evaluation.

• Plot Elements in form of points, lines and trian-

gular respectively quadrilateral areas for result

evaluation.

• Geometry Elements in form of lines and tri-

angular respectively quadrilateral areas for line

and surface definition.

• Convectivity Elements to model the convec-

tivity behavior and radiation on free surfaces in

thermal analysis.

• Fluid-Structure Coupling Elements for cou-

pled acoustics and surface absorption.

• Surface Wave Elements for acoustic analyses.

• Semi-Infinite Elements for acoustic and elec-

tromagnetic analyses.

• Radiation Boundary Condition (RBC) Ele-

ments for the modeling of acoustic radiation ef-

fects.

• Axisymmetric Elements for structures, heat

transfer, acoustics, and electromagnetics.

Standard Beam Cross Sections

The following standard geometries are supported for

beam cross sections (see also Fig. 96):

• General thin-walled open section,

• Thin-walled circular cross section,

• Thin-walled box cross section.

• Solid circular cross section,

• Solid box cross section.

Using those cross sections allows to get stress re-

sults at certain points of the cross sections.

The parameters of the cross sections are directly

available as design parameters in an optimization

run (see page 100).

Figure 96: Standard beam cross sections
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mined by an interpolation from the given distribution

function.

The definition of damping can be frequency-

dependent.

Layered composites (laminates) can be defined by

different materials (like fibre-reinforced material) for

each layer (see page 112).

Um bei einem Datenaustausch mit Kunden und

Lieferanten die Materialdaten in in den Modelldaten

nicht offenlegen zu müssen, können diese ver-

schlüsselt werden. PERMAS kann die Daten lesen

und verarbeiten, legt sie aber garantiert nicht offen.

Figure 98: Mode shape of a reactor

Sets

For a lucid model description node and element sets

may be used. Such sets may be generated from

other sets using Boolean operations. In addition,

several sets can be collected in a set bin, which de-

notes a set of sets.

Beside the model description such sets may be

used also for the specification of result output. For

the print output of results and the export to con-

nected post-processors the amount of issued re-

sults can be restricted to the relevant data by sets.

In case of analyses in the time or frequency domain,

the required run time and disk space can be drasti-

cally reduced by the specification of sets for which

the results are to be determined.

All interfaces preserve the sets and their identifiers

from the pre-processing via the solver to the post-

processor. An acompanying text marks a set more

precisely.

Mathematical Functions

For the description of complex data relations a li-

brary of mathematical functions is provided for:

polynomes, trigonometric functions, exponential

functions, and discrete functions. E.g. they al-

low for the definition of time-dependent loading and

temperature-dependent loads.

Beside the library functions also tabular functions or

user functions (defined by Fortran or C subroutines)

may be defined and used.

On all of these functions sums, products, or chains

may be defined in order to specify complex com-

pound functions.

In VisPER, a special functions dialogue is available

to prepare, manipulate, and visualize functions (see

Fig. 99).

In addition, a special function to derive the

Fourier coefficients of a time signal is provided.

Time-dependent excitations are analyzed by a

Fourier transformation and the resulting frequency-

dependent coefficients are used in a frequency re-

sponse analysis (see Fig. 100).

Figure 99: Functions dialogue in VisPER
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Loads

In static analyses the following mechanical loads

may be used:

• Global loads:

– Inertia loads,

– Inertia relief (quasi-static acceleration).

• Nodal loads:

– Concentrated loads,

– Distributed loads,

– Prescribed displacements,

– Temperature loads,

– State of contact.

• Element loads:

– Distributed loads,

– Initial strains.

• Surface loads:

– Distributed loads,

– Hydrostatic pressure.

For distributed surface loads, e.g. not specified at

the nodes of a mesh but a coarser grid, special load

elements (see page 61) can be used which are cou-

pled to the main structure by interpolation (see page

58).

In heat transfer analyses the following thermal loads

may be used:

• Nodal loads:

– Concentrated heat flows,

– Distributed heat flow,

– Prescribed temperatures.

• Element loads:

– Distributed heat flow.

Temperature fields may be taken directly from a pre-

vious heat transfer analysis. One temperature field

may be used to define temperature dependent ma-

terial properties, and another temperature field may

be used for initial strain calculation or as initial con-

dition for a transient thermal analysis.

All distributed element loads can be defined as

coordinate-dependent.

Load case combinations may be applied to create

new loads from existing patterns.

Time-dependent loads are defined as a product

of a static or thermal load and a time-dependent

function. In addition, initial conditions for time-

dependent mechanical or thermal analysis can be

specified. These can simply be taken from a previ-

ous analysis.

For frequency-dependent dynamic loads it always

holds that they are defined as a product of a static

load and a spectrum of amplitudes and phase an-

gles.

Time dependent loads of a periodic process can be

transformed to frequency dependent loads by an au-

tomatic Fourier analysis (see Fig. 100). Then, one

or more frequency response analyses can be per-

formed. Finally, by superposition of the results in the

time domain a periodic response can be achieved.
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Figure 100: Example for the transformation
of a periodic load (above in time domain,

below in frequency domain)

Model Verification

With increasing complexity of models the need to

verify the correctness of model descriptions in-

creases. PERMAS pays attention to this point by

providing model properties in a form that they can

be post-processed like results.
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Figure 101: Verification of a contact model
Top: contact normal vector

Middle: surface normal vector

Bottom: nadir vector

• MpCCI (page 121)

Moreover, a growing number of extra interfaces to

PERMAS are available from partner companies or

INTES (see page 122).

All users with a heterogeneous environment of pre-

and post-processors benefit from the excellent inter-

faces to other CAE products.

During input complete FE-models are read and

translated into autonomous PERMAS data struc-

tures. If requested, any part may be combined with

or completed by additional PERMAS data files.

During output the calculated results may be writ-

ten in various forms (listing, xy-plot files, several

post-processor formats). In addition, the complete

FE model may be output as PERMAS model file or

as post-processing model in diverse pre- and post-

processor formats – independent of the kind of in-

put.

For the direct PERMAS model and results export, an

ASCII and a binary format is available. The exported

model and results can be read by VisPER for post-

processing, but also PERMAS is capable to read at

model and at least primary results in these formats.

The ASCII format is written in compressed format

(using gzip) by default. The binary results export for-

mat is based on the widely used HDF5 library (see

https://www.hdfgroup.org/HDF5/). The main effect

of this binary format is the reduction of time needed

to export the results. In addition, a reduction of file

size is achieved compared to the gzip-ed ASCII ex-

port file format.

The result evaluation even for very large models is

supported by comprehensive selection facilities for

the exported result data. Beside the selection of

relevant loading cases, time steps, and frequencies

the specification of node and element sets is used

to reduce the amount of exported results.

This high-level Door concept endows a number of

advantages:

• High comfort:

– no external interface necessary,

– similar command syntax for all Doors,

– no intermediate files necessary.

• The translation process is very fast.

• Simple input mixing:

– Several input models may be concatenated to

one big model, no matter from which Door the

model files were read.

– The model description may be spread on sev-

eral files, utilizing the possibilities of all Door

input formats involved.

• With the direct translation, it is even possible to

support features not quite compatible with any

DAT file input.

• Quality assurance for modeling is improved:
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Figure 102: Integration of PERMAS

in pre- and post-processor

– Common consolidation of all input data (ex-

tensive model testing).

– External identifiers are preserved and are

used throughout the PERMAS run.

– Additional data may be given by a separate

input file – the original input file remains un-

touched.

– The mixing feature enables the user to define

difficult parts with the most convenient input

format. Naturally, this will be the least error

susceptible definition, too.

• Because the export format is independent of the

input format, PERMAS allows for the transla-

tion of any pre-processor format to any post-

processor format.

Matrix Models

PERMAS data objects for results or matrices can be

output to or input from external files in different ways

and in binary or ASCII format.

This tool can be used to organize the data exchange

with third party software, where no direct interface is

available. In addition, it can also be used to store the

data for later use in another PERMAS run to save

computer time.

A typical application is the intermediate storage of

condensed models. There beside the condensed

matrices also a condensed model can be generated

and exported in order to use them in another run.

For a detailed post-processing the results can then

be transformed back to this model. To reduce size

of matrices and results this transformation can be

restricted to sets in advance.

Condensation of substructures is used beside static

analyses mainly for vibration analysis and response

analysis in time and frequency domain. There, be-

side stiffness and mass matrices eigenvalues, mode

shapes, loads, and damping matrices are provided.

Additional static mode shapes can also be taken into

account.

Another application is the generation of modal mod-

els (e.g. by generalized modal condensation, see

page 90). These modal models are intended for

modal response analyses outside of PERMAS.

All standard ASCII output files can be generated as

compressed files (gzip) saving disk space and time

(for large files). Because the input is possible in

compressed format, too, there is no explicit need to

store model and result data in full ASCII format.

Special formats available for matrix export are MAT-

LAB format and Rutherford-Boeing format.

Combination of Results

After the computation, different primary and sec-

ondary results may be combined to new results. For

this purpose different summation rules and mathe-

matical functions (see page 63) are applicable. In

this way, even results from different variants may be

combined.

The generated results may overwrite existing results

or generate new ones. The output of the combined

results is exactly like the output of the original re-

sults.

In VisPER a great variety of arithmetic operations on

result combinations is possible (e.g. difference of ki-

netic and strain energy density). Each single column

may be used as operand. All PERMAS functions
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Figure 105: Clutch Element, Static Displacements

Direct Coupled Analyses

PERMAS enables different coupled analyses in one

run, e.g.

• initial values for time-dependent dynamic anal-

ysis may be taken from a previously performed

static analysis.

• initial values for a transient thermal analysis may

be taken from another transient thermal analy-

sis.

• a thermal stress analysis may be performed on

the basis of a previous thermal analysis.

• a thermal or mechanical analysis on the basis of

a previous electromagnetic analysis.

• a (fully) coupled fluid structure acoustics analy-

sis.

• all optimizations, if different analysis types are

used simultaneously (like static and eigenvalue

analysis).

For all kinds of coupled analysis the same types of

elements may be used for the different partial anal-

yses. As far as appropriate, most element types are

available for all different analysis types.

Coupling with CFD

A coupling of structural mechanics and computa-

tional fluid dynamics has been realized within the

scope of the CISPAR ESPRIT project by a loose

coupling approach.

Interpolation

Projection

CSM CFD

r,v,T

F,Q

MpCCI

Figure 106: Coupling of CFD and CSM

Within the project a general COupled COmmuni-

cation LIBrary (COCOLIB) has been developed by

FhG/SCAI, which allows for a weak coupling of a

structural mechanics software (CSD) and a fluid dy-

namics software (CFD). Both packages are running

simultaneously and the data exchange is during run

time following previously defined criteria and cou-

pling algorithms (Gauss-Seidel, Jacobi). This soft-

ware has been further developed and is now called

MpCCI (more information at www. mpcci.org).

The transferred boundary conditions comprise ther-

mal and mechanical quantities (force F or pressure

resp., heat flux Q, displacement r, velocity v, tem-

perature T). There the coupling library does any in-

terpolation and projection necessary due to incom-

patible meshes between structure and fluid.

The calls to MpCCI have been integrated into

PERMAS. So, PERMAS and any CFD code where

MpCCI is adopted, too, can be used to solve

applications in mechanical, thermal, or thermo-

mechanical coupling. Module PERMAS-CCL pro-

vides all necessary functions from the PERMAS

side to support the coupling.
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PERMAS Analysis Modules

PERMAS-MQA – Model Quality Assur-
ance

The PERMAS-MQA basic module builds the system

kernel for all other software modules.

Among others this system kernel contains the data

management system, the UCI command language,

the standard input of PERMAS models, the stan-

dard output of results, the model consolidation, the

substructure technique, numerous element types,

and sampling for parameter studies.

The characteristic features of PERMAS-MQA are

the concepts and tools for the quality assurance

of the analysis process and for the investigation of

different model parameters by sampling.

The quality assurance of finite element models be-

comes more and more important.

• Today, Finite Element calculations are used in

the product development to early assess differ-

ent design variants and to accelerate the devel-

opment process.

• The skill of FEA systems users changes from an

expert level to a more general background.

• The FE applications become more and more

complex.

Design exploration by Sampling is the repeated

execution of analyses where the values of design

or basic variables are specified explicitly. Sampling

works analogous to optimization and reliability anal-

ysis. An example is shown in Fig. 31. So, all pos-

sible design variables (see page 100) or basic vari-

ables (see page 109) can be used for sampling and

all analysis steps supported by optimization (see

page 100) and reliability analysis (see page 109)

can be used for sampling as well. For all desired re-

sults, sampling collects this data and prepares spe-

cial XY data for convenient post-processing. Some

examples for suitable variables are geometric pa-

rameters, Young’s modulus for stiffness considera-

tions, or different load parameters. In order to re-

duce the number of samples without losing informa-

tion about parameter influence a special sampling

method (i.e. LHC Latin Hypercube Sampling) is

available.

Beside the software quality (see page 18) the relia-

bility of FEA results depends on the following points:

• Model testing by VisPER:

PERMAS-MQA is also the basic module of Vis-

PER. So, all modell tests available in this module

are also part of VisPER. But VisPER adds ad-

ditional visualization functionality to these tests,

which facilitates the understanding and the re-

pair of detected problems.

• Comprehensive model testing:

PERMAS performs very intensive tests of the in-

put data. There are several thousands of differ-

ent plain text system messages to react to com-

plex inconsistencies in an appropriate way.

In particular, the automatic detection of singular-

ities can save much time for the user (see page

59).

• Avoidance of erroneous analysis runs:

In PERMAS a task scanner has been intro-

duced in order to avoid faulty runs:

– The analysis steps are checked in a group-

wise manner to verify the feasibility of the

complete analysis.

– The resources in terms of CPU time and disk

space are estimated in advance.

– The input model data are checked for com-

pleteness and compatibility with respect to

the analysis steps requested.

– Even the control of those PERMAS modules

can be checked which are not licensed on the

active platform.

– The model tests can be used in addition to

similar tests of the applied pre-processor.

• Relief of the user:

Cumbersome routine work can be reduced and

the overview of all model related information can

be improved by comfortable input facilities, di-

rect interfaces, and all of the test tools listed

above. So, the user can concentrate on the ob-

jectives of the analysis and the evaluation of the

results.

In particular, comfortable interfaces allow for a

smooth transfer of model data from the pre-

processor (see page 65).

A comment feature supports improved communica-

tion with SDM (Simulation Data Management) sys-

tems. These comments provide a means to de-

scribe any entity in the model description in any de-

sired level of detail. To this end, the comments can

be included in the model input file or the comments
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are linked to an additional file which also can include

XML documents.
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PERMAS Package TM /
Thermo-Mechanics

Figure 107: Model of a front axle

Porsche AG, Weissach

PERMAS-LS – Linear Statics

This module allows for linear elastic calculations,

based upon the assumptions of small displace-

ments, small strains, and linear material behavior

(isotropic or anisotropic). Therefore, this module of-

ten builds the first step in Finite Element analysis.

• The following definitions of kinematic boundary

conditions are available:

– Suppressed degrees of freedom,

– Prescribed degrees of freedom,

– Linear constraints (MPCs) (see page 58).

• For free or partially free structures a quasi-

static analysis can be performed (Inertia Re-

lief). There, on the basis of a rigid body de-

coupling the inertia forces are computed which

are in equilibrium with the applied forces. Sub-

sequently, a static analysis is performed under

the applied loads and these inertia forces.

• Different kinds of static loading are available

(see page 64).

• The following primary results are calculated:

– Displacements,

– Mass and moments of inertia.

• From that additional results are derived:

– Reaction forces,

– Stresses and stress resultants,

– Strains,

– Residual forces,

– Strain energy density, i.e. mass- or

volume-specific strain energy.

Figure 108: Bearing housing ZF AG

PERMAS-CA – Contact Analysis

Static analyses with non-linear boundary condi-

tions (contact problems) can be analyzed using the

PERMAS-CA module.

Contact boundary conditions may be present be-

tween elastic bodies or between elastic bodies and

a rigid counterpart. The bodies may behave also

non-linearly.

In addition self contact is supported by contact anal-

ysis (see Fig. 120), i.e. contact models where a

surface may get in touch with itself, e.g. due to warp-

ing or other forms of large deformations, and where

contacting regions are not known in advance.

Several methods to describe contacts are available:

• specification of contact node pairs,

• specification of nodesets for each contact zone

(the node pairs are detected automatically),

• assigment of nodes/nodesets to surfaces (in-

compatible meshes),

• definition of general surface-to-surface contact

(incompatible meshes).

The feature to define contact with incompatible
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meshes allows the independent meshing of the con-

tacting bodies. This simplifies the modeling of com-

plex contact surfaces (like tooth contact between

gearwheels) essentially.

In surface-to-surface contacts, more contacts are

taken into account than in surface-to-node contacts.

More contacts typically give more accurate results

but also longer computation times. Less contacts

does not mean that the results become inaccurate,

but it is possible e.g. for coarse meshes of contact

surfaces. In order to get the best out of a contact

analysis by spending only moderately more compu-

tation time, an optional automatism has been devel-

oped (option COMPLEMENT), which reduces the

number of contacts in surface-to-surface contact ar-

eas in a way that the accuracy is preserved (see Fig.

109).

The direction of contact and the initial gap width may

be specified explicitly or determined automatically

from the geometry. Any press fit is easily modeled

by the specification of a negative gap width. A given

gap may be scaled by a user-defined function, which

may depend on the position in space and topological

information, i.e. a gap function.

Modeling of press fit can be made with MPC condi-

tions, alternatively, if the press fit will not open a gap

during loading (see page 59).

The contact analysis can handle isotropic or

anisotropic frictional contact with sticking or slipping

according to Coulomb’s law.

For large contact problems and for complex fric-

tional tasks module PERMAS-CAX provides a suit-

able extension of contact analysis (see next sec-

tion). Both modules together cover a wide appli-

cation area for contact analysis. This combination

is complemented by module PERMAS-CAU (see

section after next section) which takes into account

large relative displacements of contacting bodies.

The specification of a load history allows the correct

simulation of assembly and working loads and any

contact situation with slipping and sticking friction.

This facilitates the convenient simulation of such sit-

uations in a quasi-static analysis. A postscript plot

file of the load history can be exported to view its

graphical representation (see Fig. 111).

The load history can be amended by pretensioning

(e.g. of bolts), where the contact analysis is used to

Figure 109: Surface-to-surface contact

with COMPLEMENT option: Best compromise between

accuracy and computation time (von Mises nodal

stresses are shown). The numbers are taken from an

industrial application.

Figure 110: Contact with incompatible meshes

describe the pretension. In this way, the screw tight-

ening torque is modeled by a known contact force in
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Figure 111: Representation of a load history

the barrel of the bolt.

A generalized concept for bolt pretension is pro-

vided. Beside the classical approach using a cut-

ting plane with pretension in normal direction, a new

approach using cylindrical thread coupling with pre-

tension in axial direction is available. This highly in-

novative feature offers a convenient definition which

can take into account the detailed effects of radial

spreading and axial torque caused by the thread’s

flank and pitch geometry without the need of model-

ing the flank shape or thread line explicitly (see Fig.

112). In addition, Fig. 113 shows an application on

tightening and unscrewing of a bolt.

Contacting bodies are often only supported by con-

tact forces. To provide an elastic foundation to

such bodies, a family of compensation springs (also

called zero force springs) can be used, where the

spring force is compensated by an additional con-

tact force (see Fig. 114). By this means, a force-

guided contact is facilitated. In addition, the RBM

Assistant in VisPER helps to place and properly de-

fine such elements (see page 41).

Comprehensive checks allow the verification of con-

tact models like type of contact, its geometry (gap-

width and normal vector, see also Fig 101), and the

contact coordinate system (for normal and frictional

force directions). In addition, the contact status is

available in all iteration steps for checking purposes.

For frictional contact the quality of surfaces is of ut-

most importance. Therefore, PERMAS can smooth

contact surfaces in order to essentially improve fric-

tional behavior.

The analysis procedure uses a reduced flexibility

model which is derived from the set of contact de-

grees of freedom. This procedure has the following

Figure 112: Bolt pretension
Nodal point stresses and pretension forces

for deformed mid-size screws:

(1) with cutting plane in bolt

(2) with radially joined thread

(3) thread without radial coupling

(4) thread with flank but no pitch angle

(5) thread with flank and pitch (standard M10)

(6) left-handed thread with pitch but no flank angle

advantages:

• The iteration is very efficient making it best

suited for extremely large models with an arbi-

trary number of contact nodes.

• The accuracy of the results is fully preserved,

because no additional stiffnesses are intro-

© INTES GmbH Stuttgart Page 75

http://www.intes.de
http://www.intes.de/


PERMAS Product Description V19 PERMAS

Figure 113: Thread definition

on bolt surface.

Figure 114: Force-guided contact

with the aid of compensation spring

duced by the modeling of contacts.

Figure 115: Contact pressure and shear vectors

The simultaneous analysis of an arbitrary number

of loading cases is possible. The contact parame-

ters, i.e. gap width and coefficients of friction, may

be different for each loading case. The contact

boundary conditions are taken into account auto-

matically by the static analysis procedure. No addi-

tional user request is required for a contact analysis.

For efficient calculation of successive contact vari-

ants contact status files are available for easy job

recovery and considerable run time reductions.

In addition to all results usually derived from a static

analysis the contact analysis provides for the con-

tact status, the contact forces, the contact pressure

(see Fig. 115), the gap widths, and the relative gap

displacements.

For contact surfaces derived from TET10 elements,

an option is available to interpolate the midside

nodes, which accelerates contact analysis. To im-

prove the stress result quality, an additional result

interpolation for the midside nodes is provided. The

achieved improvement is shown in Fig. 116, where

the stress result is almost the same with and without

midside nodes.

For each contact definition with a non-zero sum of

contact forces, there exists a line of action with a

minimal resultant torque due to the corresponding

normal and frictional contact forces. The point on

that line of action, which lies closest to a given cen-

troid (e.g. the center of contact node coordinates) is

defined as the contact’s center of pressure (COP).

The coordinates of the COP and the sum of forces

and moments is written to the result file by request.

This result is available for all load steps performed

in a linear or nonlinear contact analysis.
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Figure 116: Nodal point stresses

on surface with linearization (bottom), and without

linearization as reference (top).

Figure 117: Temperature distribution

in two contacting bodies

For subsequent analyses, contact states can be

locked. This contact locking leads to linear con-

straints according to the current contact state. To

achieve this, the active contacts are automatically

transformed into kinematic constraints. With this

new model various kinds of subsequent analyses

are possible like eigenvalue analysis, heat transfer

analysis (see Fig. 117), or submodeling).

PERMAS-CAX – Extended Contact Anal-
ysis

This module has been designed to provide new

contact solution algorithms for ambitious slip-stick

problems and for large contact models (more than

10,000 contact node pairs) in order to essentially

accelerate contact analysis runs again (by a factor

of 3 and beyond). The module is used as an add-on

to module PERMAS-CA (see preceding section).

Figure 118: Contact analysis of an engine

with 56 Million DOF, 37 time steps, 2 different

temperature states, and CAS files, direct I/O with PCI

SSD.

The functionality comprises the following features:

• High performance iterative solution algorithms

to accelerate standard contact analysis with nor-

mal and frictional contact.

• An additional very stable iteration method for

critical slip-stick problems (e.g. if all contact

pairs get into sliding state, see Fig. 119).

Gasket elements are handled as integral part of

the contact iteration through contact controlled non-

linear gasket analysis (CCNG analysis) by default.

This leads to a remarkable reduction of run time

compared to the classical solution method with non-

linear material behaviour. In particular, this run time
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reduction will be much higher, when the nonlinear

features are contact and gasket elements only. The

run time reduction is still significant, if additional

nonlinearities are applied.

Figure 119: Conical press fit

(slipping forces after assembly)

For sliding friction between dynamically moving

parts a velocity field can be prescribed to take it into

account in a quasi-static contact analysis (see sec-

tion Brake Squeal Analysis on page 26).

PERMAS-CAMG – Contact Multigrid
Analysis

This represents the third generation of contact

solvers (see fig. 121) and allows great runtime

improvements for larger contact models by using

an innovative Contact-Multigrid-Solver. This solver

consists of two orthogonal approaches. Both ap-

proaches significantly reduce the order of floating

point operations and thus the runtime benefit in-

creases with the size of the contact problem.

• Cholesky update:

First an innovative solver strategy based on an

update of the Cholesky factor of the flexibility

matrix instead of a decomposition in each it-

eration was implemented. The Cholesky fac-

tor for the current active set of contact de-

gree of freedoms is build by an efficient up-

date using the Cholesky factor of the previ-

ous active set. Thus a cost-intensive complete

(re-)decomposition in each iteration step is no

longer necessary. Since only the solving step

of the linear system in each iteration for the cur-

rent active set is accelerated, the contact algo-

Figure 120: Self contact of a bellow

Figure 121: Evolution of contact solvers

rithm is not changed itself (mathematical identi-

cal iteration, same iteration, same result, only

change in numerics) but only the strategy to

solve the linear system for current active flexi-
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Figure 143: Heat radiation between adjoint plates

The calculation of radiation has the following char-

acteristics:

• The radiation is integrated in the heat transfer

analysis process.

• The convection elements are extended to model

also radiating surfaces, i.e. all surface elements

where radiation has to be taken into account

have to be modeled with convection elements.

• There is a direct integration of the view factors

over the surface elements instead of averaged

view factors.

• In order to accelerate the calculation of viewing

factors with a very high number of surface ele-

ments an automatic (selective) coarsening pro-

cedure is provided to reduce the number of sur-

face elements.

• The computational efficiency is obtained by us-

ing parallelization.

• The coupled solution of the nonlinear heat trans-

fer equation with radiation boundary conditions

is performed in a few iteration steps either for

steady-state or transient calculations.
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establish system matrices in modal space for exter-

nal applications. Export of modal models is either

supported by interfaces (e.g. to MBS systems) or

by direct specification of the matrix items.

PERMAS-DEVX – Extended Mode Anal-
ysis

This module provides additional methods for dy-

namic eigenvalue analysis:

• Dynamic condensation

• Complex mode analysis

• Eigenfrequencies over rotational speed for rotat-

ing structures

Dynamic Condensation

Two methods are available for dynamic condensa-

tion:

• Craig-Bampton method (CB condensation),

• Mixed-Boundary Craig-Bampton method

(MBCB condensation).

Craig-Bampton method:

The Craig-Bampton method uses fixed-interface vi-

bration modes and the static deflections due to unit

displacements of the interface degrees of freedom

for the dynamic reduction of substructures (CB con-

densation). Like for the Guyan’s reduction, an ex-

plicit and an iterative scheme is available in order to

achieve good performance (see also page 53).

The functionality may be summarized as following:

• Supported solutions

– Structural dynamics

– Acoustics

– Coupled fluid-structure acoustics

Two condensation options are available for coupled

fluid-structure acoustics (see also page 96):

• “Dry” Interface

– Solution of a coupled eigenvalue problem on

subcomponent level, i.e. isolation of the

acoustic component. External modes are

coupled modes.

– Global solution may be a mechanical vibra-

tion analysis.

• “Wet” Interface

– Separate computation of mechanical and

acoustic modes on subcomponent level.

– Global solution is a coupled vibration analy-

sis.

– Condensation of the fluid-structure interface

can also be made.

Mixed-Boundary Craig-Bampton method:

The method allows for free (or mixed) boundary

conditions to derive the vibration modes (MBCB

condensation). The corresponding static deflec-

tions are derived using inertia relief. This method

is advantageous when the condensation is used for

structures with free boundaries, because the con-

densation method can represent the boundary con-

ditions. In such cases, less number of required

modes and a higher accuracy can be expected from

the Mixed-Boundary Craig-Bampton method com-

pared to the classical Craig-Bampton method.

The above mentioned “dry” condensation of parts

with enclosed fluids also works with the Mixed-

Boundary Craig-Bampton method.

Complex Mode Analysis

This includes the calculation of complex eigenval-

ues and eigenvectors in modal coordinates. This

method is based on a previous solution of the real

eigenvalue task.

The results of this analysis are as follows:

• Frequencies

• Complex eigenvalues

• Complex eigenfrequencies (each with damping

coefficient and circular frequency)

• Equivalent viscous damping ratios

• Complex mode shapes with physical and modal

representation. The modal displacements of the

complex modes represent the modal participa-

tion of the underlying real modes.

A suitable post-processor (like VisPER) can be used

to visualize and animate complex mode shapes

Eigenfrequencies of Rotating Systems

For rotational systems (see also page 28) it is often

required to generate a so-called Campbell diagram,

which relates the eigenfrequencies to the rotational

speed. The values of such a diagram can be gen-

erated automatically in one single run. From these

values all frequencies of interest can be selected for

a subsequent frequency response analysis.

For rotating structures, any number of rotational
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Figure 151: The model of a tipper truck

(by courtesy of Daimler AG, Stuttgart, Germany).

• The damping properties may be modeled by

one of the following methods:

– material or structural damping for elements,

– global structural damping for components,

– proportional damping (Rayleigh damping),

– viscous damper elements,

– modal viscous damping,

– modal structural damping,

– modal structural and proportional damping for

subcomponents,

– direct input of modal damping matrix ,

– direct input of damping matrix.

For calculations in frequency domain, the struc-

tural damping may be defined as a function of

frequency, alternatively.

Frequency-dependent viscous damping param-

eters can be specified using a special element

(i.e. CONTROL6 element).

Figure 152: Transient response

under contact conditions

• The excitation is defined by static loading cases

modulated by functions of time or frequency re-

spectively (see page 63). The load definitions

may consist of:

– concentrated forces or moments,

– distributed loads

(loads applied to lines, surfaces or volumes),

– inertia loads,

– prescribed displacements.

• The primary results are:

– displacements,

– velocities, and

– accelerations.

For the drawing of XY plots, these data may be

output as a function of time or frequency respec-

tively.

• Moreover, the following results may be derived:

– reaction forces,

– stresses and stress resultants,

– strain energy,

– kinetic energy,

– specific sound radiation power density.

When modal methods are applied additional func-

tions are available:

Static Mode Shapes can be generated in order to

enhance the modal basis. This has the following two

advantages:

• In the low frequency range the results will be-

come essentially more accurate.

• They allow to consider non-structural degrees of

freedom like the internal state variables of con-

trol elements.

The static mode shapes can be specified using one

of the following cases:

• directly by nodal displacements,

• by external loads,

• by results from another analysis,

• by natural loads of specified elements (like

spring forces),

• implicitly by internal degrees of freedom of con-

troller elements,

• by inertia loads as generated by inertia relief

analysis.

Assembled situations can be used to highly ac-

celerate frequency response analysis with many dif-

ferent load cases. Instead of solving all dynamic

load cases separately, a combined response anal-

ysis can be performed.
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For models with many eigenvalues, many excitation

frequencies, and only some dampers the compu-

tation of the frequency response is expensive. As

long as the damping is not frequency dependent

(only a few discrete dampers), a diagonalisation of

the system is possible via a single value decompo-

sition (complex eigenvalues). An explicit inversion

of the resulting system matrix may be performed,

applying the Shermann-Morisson-Woodbury SMW

formulation. The subsequent computation of each

frequency point is cheap. This SMW solver is much

faster than the general solver for modal frequency

response analysis.

Figure 153: Modal grid participation factors

Additional tools are available for the further process-

ing of modal results:

• For the evaluation of a structural response

modal participation factors of the primary results

can be derived and exported.

• For the evaluation of the contribution of single

degrees of freedom to a structural response

node participation factors can be derived and

exported.

• For a transient response a statistical evaluation

of stresses or element forces over the time do-

main can be performed, which gives the maxi-

mal and effective values. These statistical val-

ues can be used in durability considerations, for

example.

Visco-elastic Material

For visco-elastic material in dynamics, a method

based on Prony series has been introduced. This

is for materials with frequency dependent data in di-

rect timehistory or direct frequency response anal-

ysis (like rubber, booster propellant, etc.). In order

to take the different terms of the Prony series into

account, two element types have been developed:

One hexahedron element with 8 nodes, where one

element with different nodes is used for one term

of the Prony series, and another hexahedron ele-

ment with 8 nodes, where one element with internal

nodes for all the different terms of the Prony series

is used. The latter element uses an internal conden-

sation method. Therefore, the results differ slightly

between both element types. The user may decide

to use one of the approaches.

Skew Symmetric Pressure Stiffness

The symmetric part of the pressure stiffness can

be used in eigenvalue analysis. In addition, the

skew symmetric part of the pressure stiffness may

be used in dynamic response analyses and complex

eigenvalue analyses.

PERMAS-DRX – Extended Dynamics

This module comprises additional methods for

structural response analysis:

• Spectral Response Analysis (or earthquake

spectral response Analysis),

• Random Response Analysis.

Spectral Response Analysis

In case of a prescribed ground motion, like in earth-

quake analysis, the dynamic response behavior is

determined by a special method, which results in

maximum response values. There, the following re-

quirements have to be fulfilled:

• uni-directional and translational motion of the

ground,

• no other loads,

• analysis can be performed in modal space,

• only modal viscous damping.

After the specification of the direction of the ground

motion the load is defined by a spectrum of the

transient excitation (response spectrum). Then the

analysis is performed as follows:

• Calculation of all dynamic modes up to the high-

est interesting frequency.

• Calculation of the maximum mode contributions.

• Summation of the maximum contribution factors

using one of 7 available summation rules (like
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For the drawing of XY plots, these data may be out-

put as a function of time or frequency respectively.

Moreover, the following results may be derived:

• reaction forces,

• stresses and stress resultants,

• strain energy,

• kinetic energy,

• specific sound radiation power density,

• sound particle velocity.

PERMAS-NLD – Nonlinear Dynamics

This module provides time integration in structural

analysis including nonlinearities:

• Material nonlinearities like creep, nonlinear elas-

ticity, plasticity, and visco-plasticity.

• Nonlinear elements like nonlinear springs or

gasket elements as well as control elements.

• Large translational motions of elastic bodies

handled by updating MPC conditions (with in-

compatible meshes).

Geometric nonlinear effects and contact are not yet

included.

Time integration is done using the Newmark method

or the generalized α-method. The latter includes nu-

merical damping to stabilize the integration scheme.

Different solution methods like Newton-Raphson or

modified Newton-Raphson are available. An auto-

matic time stepping technique supports the use of

appropriate time steps.

Substructure technique and dynamic condensation

can be used to reduce the purely elastic parts before

the nonlinear dynamic analysis starts.

PERMAS-HBM – Harmonic Balance
Method

The Harmonic Balance Method (HBM) is a steady

state method to calculate solutions to nonlinear dif-

ferential equations. In PERMAS it is used in the

context of a nonlinear frequency response.

A new class of applications is openend with this

functionality, such as:

• Rattle noise

• Squeak noise

• Bolted joints and friction between parts

• Vibro-Impact problems

• Blade-Tip/casing contact problems

• Lumped multi-degree-of-freedom (MDOF) and

FE models with local nonlinearities

HBM, features

• Many features of direct/modal frequency solu-

tions available.

• Applicable nonlinear elements: nonlinear spring

and damper elements (NLSTIFF, NLDAMP),

control elements (CONTROL3/6) and a new

hysteresis element (HYST3).

• Alternating Frequency-Time (AFT) scheme for

efficient calculation of arbitrary nonlinear force

for nonlinear elements.

• Optional integrated Craig-Bampton reduction of

linear part or manual substructuring.

• Arbitrary number of harmonics and sampling

size for nonlinear elements.

• Hysteresis effects.

• Path following capability. See figure 158 for fur-

ther informations. Please note, that for a certain

frequency more than one solution may exist.

• Arbitrary periodic loads.

• Solution may be transformed to the time domain.

• Secondary results in frequency or time domain

(e.g. sound radiation).

• Excellent parallelization.

Example HBM, contact and fatigue

• Beam with contact. The beam is fixed on the left

and right side with a barrier at load initiation. It

has some weak spots.

• Harmonic loading F (t) = F0 cos(2πft)

F(t)

u0
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• Elements: 10224 HEXE8, 1 NLSTIFF, 40800

DOF

• Contact modelling with NLSTIFF, initial gap

u0 = 1 mm.

• Contact modelled with smoothed penalty con-

tact function, see fig. 157.

Figure 157: Smooth contact function

Response curve of tip displacement

Comparison between a modal frequency and har-

monic balance calculation
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Figure 158: HBM solution

k: Fourier series expansion (k=0 constant part; k=1

linear solution). k>1 higher harmonics,

⇒ Fatigue damage checked for 38 and 46 Hz

Comparison of fatigue damage

The new HBM and LIFE module functionalities may

be used together.

Linear
• 38 Hz, damage

22.9

• 46 Hz, damage

3.3E-7

HBM
• 38 Hz, damage

2.0E-5

• 46 Hz, damage

0.83

So the linear solution leads to misleading fatigue re-

sults.
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PERMAS Package DO /
Design-Optimization

Figure 159: Frequency response optimization

of a body-in-white with shape and sizing parameters (see

also Fig. 162)

PERMAS-OPT – Design Optimization

Beside the pure FE modeling, PERMAS also allows

the definition of a design model and its automatic

optimization.

The following design variables are provided:

• Sizing:

– areas of cross section, inertia moments and

general functions between these properties

for beam elements,

– all parameters of standard beam cross sec-

tions (see page 61),

– thicknesses/offsets/nonstructural mass of

membrane and shell elements,

– stiffness and mass of spring elements,

– mass of mass elements,

– damping parameter of damping elements,

– parameters of control elements,

– convection film coefficients,

– material parameters.

• Shape optimization:

– node coordinates for shape optimization,

– use of design elements (see page 62),

– use of Shape Basis Vectors (see page 43),

– use of incompatible meshes (for positioning)

without remeshing (see Fig. 87),

– bead design (see Fig. 161).

– Nonparametric free-form optimization (see on

page 102).

• Design variable linking

In each optimization constraints shall limit the value

range for design variables as well as for the re-

sponse quantities like:

• displacements, velocities, accelerations,

• element forces,

• reaction forces,

• stresses,

• compliance,

• weight,

• contact gap widths,

• contact pressure,

• contact forces,

• eigenfrequencies,

• sound radiation power density,

• temperatures,

• heat fluxes,

• Center of gravity,

• Inertia properties,

• Load scale factors in buckling analysis,

• Resulting pressures (sampling only).

• general constraints as combination or arbi-

trary function of the above mentioned quanti-

ties. Such functions include global criteria like

max/min, absmax/absmin, or RMS.

• element quality, where the PERMAS element

test is mapped to a continuous variable with val-

ues between 0. (i.e. perfect element) and 1. (i.e.

erroneous element). This design constraint will

help to avoid the failure during optimization due

to collapsing elements.

• Design constraint linking is available as power-

ful tool to build constraint equations for multiple

result values.

The objective function of an optimization may be the

weight or any other specified constraint. An arbi-

trary number of design coinstraints may be declared

as design objective. the maximum value will be

minimized, whereas all others become constraints.

For multi-objective design optimization a Pareto op-

timization may be performed using a suitable sam-

pling capability.

Dependent nodes are also allowed for shape modifi-

cations. This allows the use of incompatible meshes

to realize larger modifications without the need to

remesh a structure (see example in Fig. 160).

The optimization itself is performed using one of the
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Figure 166: Topology and shape optimization

simultaneous solution as multi-modal optimization

Figure 167: Use of MBS and Fatigue

coupled to PERMAS.

reliable regarding uncertain model parameters (see

page 34 for more details).

PERMAS-TOPO – Layout Optimization

Topology optimization is a method to find in a given

limited part of space a finite element structure be-

ing optimal relative to a user defined criterion and

Figure 168: Optimizing laminates

for a racing car monocoque with free sizing (see 107) to

get a thickness distribution of the layers and with sizing

(see page 100) to optimize ply thickness and angle.

fulfilling a set of given conditions. For this task a

part of the model, the design space, has to be filled

with finite elements. Each finite element gets its own

design variable, the filling ratio (with values between

0 and 1). It is used for the calculation of a scale

factor for the elemental stiffness. If the filling ratio is

near zero, so is the stiffness. Then the resp. finite

element does not contribute to the mechanical be-

haviour of the structure and can be neglected. The
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teristics of their probability distributions. The limiting

constraints on the design will usually be of the same

kind as in the deterministic approach. However, the

results from the probabilistic analysis will yield the

probability of failure with respect to these constraints

and the sensitivity of this probability with respect to

the uncertain properties of the model.

This module combines the Finite Element Analy-

sis with the well established COMREL program de-

veloped by RCP GmbH, Munich. So, the experi-

ence comprised in both software systems could be

merged in a single application simplifying the ap-

proach to the Stochastic Finite Element Method.

The procedure in reliability analysis comprises the

following three steps:

• Definition of uncertain quantities in structural

analysis (like geometrical or load parameters)

by basic variables with an assigned distribution

function.

• Definition of limit state functions (or failure func-

tions) related to result quantities of a structural

analysis.

• Calculation of the probability of failure for each

limit state function.

The following quantities can be used as basic vari-

ables:

• Design parameters (like geometrical data or co-

ordinates),

• Load factors,

• Material parameters,

• Parameters of the limit state functions,

• Parameters of other basic variables,

More than 20 different types of distribution functions

are available to describe the basic uncertain vari-

ables.

The stochastic analysis performs an assessment

of the failure parameters for the following analysis

types:

• Linear static analysis,

• Contact analysis,

• Dynamic eigenvalue analysis,

• Frequency response analysis,

• Complex eiegenvalue analysis (including rotat-

ing structures).

For this purpose, a number of methods are avail-

able:

• Efficient sensitivity based methods as

First/Second Order Reliability Methods

(FORM/SORM),

• Response surface methods,

• Monte Carlo simulation using adaptive sam-

pling,

• Crude Monte Carlo simulation.

The reliability analysis allows to take into account

several loading cases as well as different boundary

conditions using different failure functions.

• The definition of Failure functions is made us-

ing

– General functions,

– Dependent on

* results (displacements, stresses, etc.),

* basic variables,

* constant values.

• The primary Results of such an analysis are

– Probability of failure for each limit state func-

tion,

– Parameter sensitivites of the limit state func-

tions,

– Result sensitivities for basic variables (elas-

ticities),

– Selected data of each iteration for Monte

Carlo simulations.
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PERMAS Special Modules

PERMAS-LIFE – Basic Fatigue Lifetime
Analysis

The LIFE module provides functionalities to com-

pute high-cycle fatigue. It is the result of a coop-

eration between “German Steinbeis Transfer Center

Traffic Engineering (STZ)” and INTES .

A fully integrated fatigue analysis in PERMAS is pro-

vided. See figure 179. Instead of an external tool

for fatigue, that typically requests a huge amount of

stress data, the integrated solution is able to reduce

the output data to the final fatigue results.

Some basic characteristics are:

• Stress based high-cycle fatigue (long term

loading, typically >1000 cycles)

• Multi-axial stress state on structural surfaces

(due to FKM guideline and more) is the basis

• Support of volume elements

• A fatigue analysis may follow a (nonlinear) static

analysis as well as transient (timehistory) anal-

ysis (modal and direct methods). Load collec-

tives, or time functions for load cycles may be

used.

• Classical nodal point or SPR stresses (see page

62) and precise gradients may be used

• High performance implementation (time,

memory and I/O optimal, with excellent parallel

scaling)

• No stress export/import, no external program

necessary

• GUI based definition and result evaluation in

VisPER

• Potential for future enhanced extra analyses:

e.g. combining optimization and fatigue (as ob-

jective function and/or constraint)

Example Truck Spring Bracket

The life prediction simulation of a truck spring

bracket for 16 torture tracks gives an impression

on the handling advantages as well as on runtime

gains. Instead of separate fatigue runs for each of

the 16 tracks and a final fatigue run on the load

collective, everything may be done within a single

PERMAS simulation.

Stress

Fatigue−Analysis

Model

FE−Analysis

Damage

Stress

Damage

PERMAS V19

FE & Fatigue

Model

⇒

xxx MiByte

SSD
(TiB)

SSD

xxx GiByte

(network)

x Mibyte

Figure 179: External and integrated fatigue work-

flow

Figure 180: Similar Truck Model

7 900 000 Nodes

5 700 000 Elements

82 000 Fatigue nodes

515 Modes

174 000 Time steps

in 16 Torture tracks

The resources are as follows: Total job (Eigen-

modes, modal timehistory response+ fatigue calcu-

lation):

Elapsed time [h:mm:ss] 2:58:53

Parallel scaling [pEff] 11.05

DMS-Disk [TiB] 1.29

Share due to fatigue calculation (174 000 time

steps):

Elapsed time [mm:ss] 14:09

Parallel scaling [pEff] 20.19

System: 2*Intel Xeon 8260L, 28 cores, 564 GiB

memory
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PERMAS V18 needs 5.5 h with stress export and

4.25 TiB database disk space plus ≈1.5-12h for

the external fatigue analysis. With PERMAS-LIFE

a speedup in overall process time of approximately

factor 2-6 is gained for this example. Disk space is

scaled down to 30% during the overall process.

PERMAS-LA – Laminate Analysis

The laminate analysis serves for the modeling and

analysis of multi-layered fibre-reinforced compos-

ites. Therefore, PERMAS provides for 3-node and

4-node shell elements.

Usually the laminate is defined ply by ply. Each

ply refers to a homogeneous and anisotropic mate-

rial (frequently defined as orthotropic material) with

a given thickness and a ply direction denoting the

deviation angle from the material reference system.

This definition is supported by VisPER. The homog-

enization then takes place in PERMAS following the

Extended Laminat Theory (ELT).

Figure 181: Laminate analysis

of a NAFEMS composite benchmark.

In rare cases the homogenization may have been

done outside of PERMAS. In this case the A, B, D

and G matrices may be input directly.

Beside linear analysis (like in Fig. 181), also nonlin-

ear analysis (like in Fig. 182) is supported.

Primary analysis results are element forces, from

which the layer stresses and strains are derived.

These values are available in the middle of each

layer. If one wants to get the stress values between

two layers, then a layer with zero thickness may be

introduced.

For the further processing of the stresses, a number

of ply failure criteria are available. Beside Hoffman

and Tsai-Wu criteria, such criteria can also be spec-

ified by user subroutines.

PERMAS-WLDS – Refined Weldspot
Model

The modeling of weldspot connections is described

on page 57. This modeling gives a good represen-

tation of the global stiffness.

But along a weld line the weldspot forces can vary

very much due to e.g. discretization effects between

the incompatibly meshed flanges.

This module offers a refined weldspot model which

is characterized by very low variations of the

weldspot forces and by an improved stiffness rep-

resentation (see Fig. 183). Among others, this is

achieved by an internal calibration of the stiffness

using a volume model.

PERMAS-GINR – Generalized Inertia Re-
lief

Inertia relief performs a quasi-static analysis of a

free body, i.e. of an unconstrained structure (see

page 73). The structure is assumed to undergo a

rigid body acceleration, resulting in a static equi-

librium between inertia forces and applied loading.

The displacements are calculated as absolute dis-

placement (see Fig. 184).
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Interfaces

Overview

PERMAS is designed as an open software system

to integrate other tools/processes.

dat ABA NAS MEDI ID PAT

hdf/post H3D NAS MEDI ID PAT

VLAB

VAO

MAT

CCL

ADS

AD

EXC

HMS

SIM

SIM3D

Model Quality Assurance Thermo-Mechanics

Vibro-Acoustics Design-Optimization

Special Functions Electromagnetics

Input interface , , Output interface

PERMAS-MEDI – MEDINA Door

This interface directly reads the model from the

MEDINA data bus (.bif) and writes the results back

to the data bus (.bof).

All MEDINA elements and almost all PERMAS

MPCs are translated (see page 58). Beside Com-

ponents, different Situations with constraint and load

variants may be specified within MEDINA (see page

54).

It is a very special feature in MEDINA that PERMAS

element tests have been integrated for element val-

idation during pre-processing. So, if a model is

checked in MEDINA, it will likely pass the PERMAS

tests.

The part handling by incompatible line/surface cou-

pling is supported.

The interface supports the following analysis types:

• linear and nonlinear statics,

• contact analysis,

• dynamic mode analysis,

• thermal analysis,

• fluid-structure acoustics (basic modeling and

post-processing),

• electromagnetics (basic modeling and post-

processing).

The interface is continuously adapted to new ver-

sions of MEDINA.

PERMAS-PAT – PATRAN Door

This interface reads the PATRAN database with the

model and writes the results onto PATRAN result

files.

The modeling is made using custom-made

PERMAS preferences. Own solver menus support

standard PERMAS solutions from within PATRAN,

which may be adapted by the user himself. The

following model parts are translated:

• all common elements,

• all kinds of loads incl. inertia loads,

• all PERMAS kinematic boundary conditions,

• sets,

• specifications of substructures,

• variant definitions.

The interface supports the following analysis types:

• linear and nonlinear statics

• contact analysis

• dynamic mode analysis

• thermal analysis

• fluid-structure acoustics

Even for other types of degrees of freedom like

electric potential the model may be prepared within

PATRAN.

PERMAS-ID – I-DEAS Door

This interface reads the model from an I-DEAS Uni-

versal File:

• all common element types

• axisymmetric models

• all kind of loading incl. inertia loads

• many linear kinematic constraints like ’rigid ele-

ment’ and ’coupled dofs’

• laminate material

• sets

• specifications of substructures

• variant definitions

The interface supports the following analysis types:

• linear and nonlinear statics

• contact analysis

• dynamic mode analysis

• thermal analysis
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Even for acoustic and electromagnetic analyses the

models can be prepared in I-DEAS.

Figure 188: Mode Shape of an Exhaust System

This interface does also have the possibility to read

dynamic results from the Universal File. By this fea-

ture, the interface became a gateway to Experimen-

tal Modal Analysis (EMA) (see also page 35).

PERMAS-AD – ADAMS Interface

A post-processing interface for the export of model

topology and mass-normalized vibration mode

shapes. In addition, generalized stiffnesses and

masses are exported and, if needed, also static

mode shapes.

The joint orthogonalization of static and dynamic

modes can also be very efficiently performed within

PERMAS (see module DEV, page 89).

In addition, the export of statically or dynamically

condensed models to ADAMS is possible. There,

the automatic substructuring with MLDR may be

used, too (see page 91).

The export is made in the format of ADAMS Version

2007 r1 and up.

PERMAS-EXCI – EXCITE Interface

Post-processing interface for export of model topol-

ogy, mass-normalized vibration mode shapes and

condensed matrices. This interface was developed

for EXCITE Version 2013-2 with ExbAPI_V2.0.

A special function is available, which after a vibration

analysis of a reduced flexible part may be used to

modify mass and stiffness matrices to shift eigenfre-

quencies according to user specification. The modi-

fied data objects are intended to be exported to EX-

CITE. By this feature, what-if studies are supported

to find the optimal properties of the reduced flexible

part without modifying the model beforehand.

A filtered backtransformation matrix can be ex-

ported for further use after EXCITE execution.

The export can be made in zipped format (by gzip) in

order to reduce the size of exchanged data in ASCII

format.

The Excite binary format exb and inertia invariants

is also supported.

Response results from EXCITE can be imported in

PERMAS to perform further calculations (see Fig.

167).
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PERMAS-SIM – SIMPACK Interface

Post-processing interface for export of model topol-

ogy, mass-normalized vibration mode shapes and

condensed matrices, supporting SIMPACK Version

9.

• Based on substructure model.

• Guyan’s reduction (static condensation) by

PERMAS.

• Optional also with dynamic condensation.

• Or - very interesting - with automatic substruc-

turing using MLDR (see page 91).

• Output of stiffness/mass/etc. on top component

level.

• Also export of geometrical stiffness matrices.

• For visualization in SIMPACK the complete

model of the uncondensed structure can be ex-

ported.

PERMAS-HMS – MotionSolve Interface

Post-processing interface for export of model topol-

ogy, mass-normalized vibration mode shapes and

condensed matrices. This interface was developed

for HyperWorks Version 11.

PERMAS-H3D – HYPERVIEW Interface

Post-processing interface for export of model topol-

ogy and results to HYPERVIEW (from Version 8 on-

wards). There are formats for HYPERVIEW Version

8 and 11 available.

Supported results are from statics, contact analy-

sis, nonlinear statics, dynamics, acoustics, and heat

transfer. The format does not support xy data.

PERMAS-VAO – VAO Interface

Post-processing interface for export of model topol-

ogy, mass-normalized vibration mode shapes and

damping matrices for displacement and pressure

degrees of freedom to VAO.

PERMAS-VLAB – Virtual.Lab Interface

Post-processing interface for export of model topol-

ogy and results to Virtual.Lab:

• Displacements, velocities, accelerations,

• Rigid body mode shapes,

• Assembled loads,

• Reaction forces,

• Stresses,

• Strain energy,

• Kinetic energy,

• Sound radiation power.

The joint orthogonalization of dynamic eigenvectors

and static mode shapes can be performed very effi-

ciently in PERMAS (see module DEV, page 89).

PERMAS-ADS – ADSTEFAN Interface

Pre-processing interface for import of temperature

fields from a cast analysis using ADSTEFAN. The

interface maps the temperature fields to the current

FE mesh. A subsequent linear or nonlinear static

analysis will be performed to get the stresses during

the cooling process. This interface was developed

for ADSTEFAN Version 2015.
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PERMAS-MAT – MATLAB Interface

A post-processing interface for the export of model

topology and matrices.

Often MATLAB is used for the design of controllers.

In case of linear controllers the relevant parameters

can directly be used in a PERMAS model when con-

trol elements are applied.

Moreover, all controllers (in particular nonlinear con-

trollers) can be used in a dynamic transient analysis

by providing an appropriate PERMAS user function,

which is linked to the software as C or FORTRAN

subroutine.

PERMAS-NAS – NASTRAN Door

The NASTRAN Door reads and checks model files

compatible to NASTRAN and translates these input

files directly into internal PERMAS data structures.

The main capabilities of the NASTRAN-Door are:

• All Bulk Data formats are supported: Small

Field, Large Field and Free Field (with all pos-

sibilities for card generation).

• Executive and Case Control sections are trans-

lated as well as all global usable statements.

• PERMAS Components and Situations are built

according to the Bulk Data model and the selec-

tions made by physical Case Control requests.

• Take-over of NASTRAN identifiers, e.g.

element-, node- and set-IDs survive the in-

terfacing process and will be taken as PERMAS

identifiers.

• Automatic label generation with labels compati-

ble to those generated by NASTRAN.

• Fast Bulk Data sorting with machine indepen-

dent sort sequence (i.e. equivalent sorting on

ASCII and EBCDIC computers).

• NASTRAN-like echo of input statements.

• Extensive error tests are performed:

– All public NASTRAN statements are recog-

nized and analyzed lexically.

– All supported statements are completely

checked for wrong, missing or contradictory

arguments.

• Additional features:

– Calculated results may be referenced under

Subcase- or Load-ID.

– Free Field comments within Fix Field state-

ments.

– The INCLUDE statement supports multiple

file levels.

A remarkable specialty of the NASTRAN-Door is the

ability to utilize the given control data as well.

• Control input such as solution-ID, output re-

quests and method selections are converted

into task control structures, equivalent to those

made by explicit UCI input (User Control Inter-

face).

This so-called NASTRAN Task may be started by

one special UCI statement.

To execute a NASTRAN-compatible run, only 4

PERMAS UCI-commands are necessary (see fig-

ure). Using this simple UCI input, NASTRAN decks

can be executed without the necessity of any addi-

tional input.

STOP

NEW

EXEC; NASTRAN Solution
Process

UCI

Door

PRO

NASTRAN

Other
Export

PERMAS
Print Export

PERMAS

DAT

PERMAS
Data
Base

post

NAS

RES

Door
PERMAS Other

Doors

Figure 189: UCI trigger for NASTRAN-Task

Additional features of this NASTRAN Task are:

• Automatic re-translation of its internal task defi-

nitions into plain UCI commands echoed to the

user.

• The user can choose between the automatic so-

lution control (read from the given NASTRAN

model file) and an explicit UCI control.

• The user can extend the NASTRAN Task by ad-

ditional UCI statements.

• NASTRAN subcases may be selected and ex-

ecuted individually, leaving all remaining sub-

cases untouched.

• Actually the following solutions are supported:

– Linear Static,
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– Normal Modes Analysis,

– Direct Frequency Response,

– Direct Transient Response,

– Modal Frequency Response and

– Modal Transient Response.

• Supported parameters, which affect the control

flow, are also evaluated.

Finally the application of the NASTRAN Task is not

restricted to pure NASTRAN-Door input. Even if

model additions were made by other input Doors

(e.g. DAT file input) – the user is free to execute

the NASTRAN control data, automatically.

The export of limited results to certain OUTPUT2

formats. The model data comprise elements, nodes,

and local coordinate systems. Supported results

are displacements, mode shapes, rigid body mode

shapes, and reaction forces.

PERMAS-ABA – ABAQUS-Door

Figure 190: Abadoor translation report

The ABAQUS-Door reads and checks model files

compatible to ABAQUS and translates these input

files directly into internal PERMAS data structures.

This direct interface between two solvers has the ad-

vantage that physical meaning of the Abaqus com-

mands can be interpreted during translation to take

the adequate equivalent in PERMAS. The user can

customize the translation process by his individual

door configurations.

The door supports a large number of model and

loading data and provides important information and

thematic tables to assure the quality of the transla-

tion and analysis process, e.g. an overview on the

step history (see Fig. 191).

Figure 191: Overview on step history

The following analysis procedures are supported:

• linear and non-linear static analysis,

• Steady-state heat transfer analysis,

• Eigenvalue analysis,

• Modal frequency response analysis.

Following modeling features are supported:

• Mass, beam, truss, spring, damper, 2D, 3D, gas-

ket and connector elements,

• Local systems and transformations,

• Various coupling conditions,

• Pretension conditions,

• Anisotropic and temperature-dependent mate-

rial data,

• Gasket properties and material data,

• Many specifications for contact modeling,

• Heat convection and radiation,

• Static loads and boundary conditions, also cen-

trifugal and inertia loads,

• Complete load history description of supported

analysis procedures,

• Dynamic load definitions with real and imaginary

parts,

• Support of substructure generation procedure,

• Support of part instances.

For immediate visualization and inspection, VisPER

can be used to read ABAQUS input file. In case

of missing or not translated modeling features, Vis-

PER may be also be used to complete the PERMAS

model.

PERMAS-CCL – MpCCI Coupling

The integration of the coupling library MpCCI allows

the coupling of PERMAS with CFD software sys-

tems as described in MpCCI section on page 70.
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PERMAS-SIM3D – SIMDRIVE 3D Inter-
face

Post-processing interface for export of model topol-

ogy, mass-normalized vibration mode shapes and

condensed matrices, supporting SIMDRIVE 3D and

import of MBS results for further processing.

• FEM, MBS, NVH analysis with PERMAS and

SIMDRIVE 3D

• Data exchange via single PERMAS HDF file

• Extra data for NVH evaluation:

Mesh and Nodal points (subset of all nodes),

Mode displacememts, Modal nodal point stress

More Interfaces

Beside the above described interfaces a number

of additional interfaces for PERMAS are available,

which have been developed by other software com-

panies to couple their software to PERMAS. The fol-

lowing list only contains those interfaces which be-

came known to the editor before this Product De-

scription was published. So, the list may be not

complete or even not correct. In any case, these

interfaces are not part of the PERMAS product and

their developers have to be contacted to get more

information about the contained functionality.

• Animator4 (GNS, www.gns-mbh.com): Post-

processing of PERMAS results is done via

MEDINA format.

• ANSA (BETA CAE Systems, www.beta-

cae.gr): ANSA supports the PERMAS input for-

mat for the model and the MEDINA format (.bif,

.bof) for the result evaluation with the µETA post-

processor.

• Digimat (e-Xstream, www.e-xstream.com):

This interface generates PERMAS material data

input for injection molded parts.

• EnSight (CEI, www.ensight.com): This post-

processor takes the results directly from

PERMAS files.

• Evaluator (GNS, www.gns-mbh.com): This

report generator takes the results directly from

PERMAS files.

• FE-Fatigue (nCode, www.ncode.com): The

data transfer is possible using MEDINA formats.

• FEGraph (von Mach Engineering,

www.vonmach.de): This software works as

a comprehensive post-processor to PERMAS

and processes the PERMAS formats.

• FEMFAT (MAGNA POWERTRAIN,

www.femfat.com): The connection between

PERMAS and FEMFAT is possible on the basis

of the MEDINA export in PERMAS, because

FEMFAT also supports this format.

• HyperMesh (Altair, www.altair.com): This in-

terface supports the PERMAS input format. It

complements the PERMAS module H3D (see

page 119) which exports the results for post-

processing with HyperView.

• Jupiter (Technostar, www.e-

technostar.com): Jupiter supports the

PERMAS input format for the model.

• MAGMAlink (MAGMA, www.magmasoft.de):

This software is a module for the transfer of cast-

ing simulation results out of MAGMASOFT to FE

meshes for stress and durability analysis.

• Material data base MARLIS (M-Base, www.m-

base.de): This material data base contains ma-

terial data of steel sheets and is capable to issue

the material properties as PERMAS material de-

scription.

• Siemens NX (Siemens PLM Software,

www.siemens.com/NX ): FE models gener-

ated with NX can be exported to PERMAS using

an interface developed by Dr. Binde Ingenieure

(see

www.drbinde.de/index.php/en/leistungen-menu/produkte/178-permas).

PERMAS results can be post-processed in NX

after using an interface tool provided by

Siemens PLM Software and developed by VKI

(see

www.vki.com/2013/Products/VdmTools.html).

• SimLab (Altair, www.altair.com): This pre-

processor provides an interface in PERMAS in-

put format.

All mentioned names of products and companies

belong to their holder. The use does not imply that

such names are free for general use.
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PERMAS for Education

PERMAS4EDU is the ideal tool to become ac-

quainted with the software or to be used in aca-

demic coursework on the Finite Element method.

You can get to know the outstanding properties of

PERMAS and the wide range of applications with

PERMAS4EDU. The model editor VisPER is also

included. PERMAS4EDU thus covers the entire pro-

cess chain from the FE mesh to evaluation.

Figure 192: Analysis Workflow

PERMAS4EDU can be obtained through registra-

tion at: www.intes.de/edu

• It includes PERMAS, VisPER, and PERMAS

Tools

• FEM Process from mesh to evaluation

• Free-of-charge for education and further train-

ing, no commercial use permitted

• Limited model sizes e.g. 16,000 nodes, 32,000

elements, and 65,000 degrees of freedom

• Interfaces: VisPER, ANSA, ABAQUS,

NASTRAN, MEDINA, and HyperWorks

• Manuals included with >200 application exam-

ples and tutorials

• User Forum at INTES for exchange with other

users and with a collection of application exam-

ples and tips

• Available on Windows and Linux

Figure 193: Contact model

Figure 194: Contact pressures and forces
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Installation and beyond

Supported Hardware Platforms

For PERMAS, the following platforms are sup-

ported:

Architecture Operating system

PC x86(_64) LINUX Debian 9/10,

LINUX Ubuntu 16.04/18.04/20.04,

LINUX RedHat EL6/EL7/EL8,

LINUX SuSE 12/15

and compatibles

Nvidia GPU

(see page 114)

PC x86_64 Windows 10 64 bit

For VisPER, the following platforms are supported:

Architecture Operating system

PC x86(_64) LINUX glibc ≥ 2.11,

NVIDIA graphics

PC x86_64 Windows 10 64 bit

The supported platforms and the related operating

systems are always subject to change due to on-

going development activities and new computers on

the market. Therefore, any specific case has to be

inquired using the contact address on the last page

of this document.

The functions described in this document are usu-

ally available on all platforms. Nevertheless, some

exceptions are certainly possible (i.e. with paral-

lelization, CFD coupling, interfaces to third-party

products using program libraries (like H3D, VLAB),

etc.). Therefore, it is recommended for any specific

case to make an inquiry using the contact address

on the last page of this document.

PERMAS fully supports 64 Bit architecture of mod-

ern processors. So, the following execution modes

are available:

• 64 bit operating system:

– D64: Double precision floating point opera-

tions on 32 Bit machine words with a memory

usage of about 7 to 8 GB.

– S64: Single precision floating point oper-

ations on 64 Bit machine words with a

practically unlimited memory usage (recom-

mended minimum is 16 GB).

Licensing

The following license types are available:

• Nodelock license: The execution of the soft-

ware is provided for one single computing node.

This license type is only available as special

function of a floating license.

• Floating license: The execution of the soft-

ware is provided for a computer network, where

a fixed number of potential executions can be

started on different computing nodes.

For both nodelock and floating licenses, the license

manager is responsible for all bookkeeping of li-

cense information. The following server architec-

tures are supported:

• Single server: The server is acting indepen-

dent from other license servers in the network.

Each server has its own license equipment.

• Multi server: Three servers are needed, and

two servers have to be availbale at least. Each

server has the total license equipment.

For the management of the license server a WEB

interface is available.

Maintenance and Porting

PERMAS is regularly maintained and improved.

Within a continual improvement process the actual

software version is the best one. On a daily basis

numerous software tests are performed and their re-

sults are verified.

All incoming problem reports are administrated by

a special management system (GNATS) and for-

warded to the responsible engineer. Each resulting

correction leads to a unique version number of the

software. If a problem is already solved at INTES

and there is no workaround for the user, the actual

and improved version of the software will be deliv-

ered.

Every month a Technical Newsletter is issued, which

reports on software corrections, their reasons, and

possible workarounds. There, also frequently asked

questions are listed with important problem solu-

tions. The Technical Newsletter can be accessed

in a reserved section of the INTES homepage (see

next Section). The Technical Newsletter can be sub-
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course.

For online documentation and help, all manuals are

available as PDF files with cross references.

Training

INTES provides training courses for all application

fields of PERMAS. Based on a three-day introduc-

tory course on linear statics with contact several

one- or two-day courses are offered on other topics

like contact, heat transfer, dynamics, optimization,

etc.

The latest workshop program can be downloaded

from the INTES homepage.

Future Developments

In order to provide the FEA user community with

a powerful analysis tool continuously, the PERMAS

and VisPER development team is intensively work-

ing on the extension of already existing functional

modules and on the development of new modules

and functionalities.

The main lines of future software development are

as follows:

• Integration with CAD/CAE

This includes e.g. improved and simpler model

handling or automatic tools for modeling and re-

sult evaluation.

• Workflows in CAE

This comprises the analysis of workflows, their

automation and improvement. The goal is to

make the use of complex workflows as simple

as possible.

• More complex simulations

This mainly includes functional extensions and

coupled analysis features.

• Higher performance

Increasing model sizes requires a continuous

improvement of the software efficiency. Be-

side algorithmic improvements, this includes the

adaptation of the software to new hardware de-

velopments.

• Advanced visualization

For models and results advanced visualization

techniques and tools are developed.

• Simulation driven design

to provide solutions ready to produce, e.g. for

3D-printing.

Upon your request we are ready to inform you about

current development projects and the current plan-

ning status for the next major release of PERMAS

and VisPER.

Additional Information

For requesting more information and in case of ad-

ditional questions please contact:

Marketing:

Phone:

Fax:

E-mail:

WWW:

Michael Klein

+49 (0)711 784 99 - 13

+49 711 784 99 - 10

info@intes.de

https://www.intes.de

Address: INTES GmbH
Breitwiesenstr. 28

D-70565 Stuttgart
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Index

α-method, 98

10% rule, 96

ABDG matrices, 112

Absolute Error Indicator, 62

ACP, 101

active control, 33

active set strategy, 108

Adapted Convex Programming, 101

Add&Replace wizard, 39

AEI, 62

anisotropic plasticity, 11

anisotropy, 62

architecture

64 bit, 125

arclength, 81

Armstrong-Frederick, 84

assembled situations, 21, 94

Assembly Situation, 11

basic variable, 110

Bayliss-Turkel, 96

bead design, 22, 43, 100

beam elements

standard cross sections, 61

BFGS, 108

BIW, 19

body-in-white, 19

bolt pretension, 75

brake squeal analysis, 26

brake squeal wizard, 40

buckling

linear, 85

nonlinear, 81

CAD, 51

Campbell, 29, 90

CAMULTFRIC, 10

car body analysis, 19

cascade controller, 30

casting, 82

Cauchy, 82

CB condensation, 90

CCNG analysis, 23, 77, 81

center of pressure, 76

Co-Rotational, 80

COF, 68

Coleman transformation, 55

CoMAC, 68

compensation springs, 75

complex eigenvalues, 90

component, 53

composites, 61, 112

condensation, 53, 90

Craig-Bampton, 90

dry, 24

dynamic, 24, 53, 90, 92, 119

generalized modal, 67, 89

Mixed-Boundary Craig-Bampton, 90

static, 53, 119

configuration, 53

CONLIN, 101

constraint

kinematic, 58

contact

analysis, 73

locking, 24, 27, 77

multigrid, 78

status files, 24

wizard, 48

contact locking, 24, 27, 77

contact status files, 24, 76

contact wizard, 48

CONTLOCK, 10

control elements, 33

convectivity elements, 86

coordinate system

local, 58

COP, 76

Coriolis matrix, 29

Coulomb, 74

Coulomb’s law, 74

coupling

analyses, 70

CFD, 70

surfaces, 58

volumes, 59

CQC, 96

Craig-Bampton, 53, 90

mixed-boundary, 53, 90

Craig-Bampton reduction, 98

critical rotation speed, 29

cutting forces, 19, 69

cyclic symmetry, 55

damping, 94

frequency-dependent, 93

material, 94

matrix, 94
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