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ABSTRACT -

Car body development and optimization in early concept phases using beams and shells FE
models is a well-established process at the BMW NVH department. The goal for these
concept investigations consists of providing mainly qualitative answers for the full vehicle
concept regarding prescribed functional targets, in particular for vibrations and acoustic
comfort. Weight reduction and construction space potential is to be revealed and various
concept variation investigations are to be performed.

When using beams and shells FE models the vehicle model is not defined in an exact
geometrical way, but based on functional topological aspects divided into beams and plate
structures. Different standard load cases for car body design and optimization have been
defined based on detailed analysis of a series of customer relevant full vehicle functional
performance targets with respect to vibration and acoustic comfort. The optimization model is
completed by the definition of a target function, seeking an optimal car body structure within
the feasible design space, satisfying all requirements and constraints of all specified load
cases for minimal total car body weight.

In the course of switching from simple Nastran beam library profiles to PBXSECT profiles that
allow an exact geometric definition of the beam cross section, ANSA has been established
as “state-of-the-art” pre-processor for modelling these beam shell models. ANSA is
enhanced by various User Scripts to leverage the existing process in terms of rapidness,
efficiency and quality.

The paper provides an overview of the current process focused on the modelling aspects
performed in Ansa, illustrated by an application case.
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IABG is a leading European technology company with core
competence in Simulation and Testing

InfoCom Transport, Environment &

Power Engineering

5 ol A

Mechatronicai test systems ' Safe and secure communication and Operation of the Maglev test facility

information systems

Aeronautics Space Defence & Security

L N =
Operation of ESA-coordinated space Development and operation of
test centers simulation and test systems
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Automotive

Analysis & Design
Experimental analyses

Computer-aided engineering

Mechatronical system analyses

Realization
Customer-specific testing facilities
Test stands for service life testing

System test stands with hardware-in-the-loop
option

Operation
Ottobrunn testing centre
Testing facilities on customers’ premises

Customer-specific investment and operator
models (chassis/body/drive system)
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BMW division “Akustik und Schwingungen”

Since 2004 IABG supports BMW in terms of FE concept modelling with
Beams and Shells (B/S) FE concept models.

The BMW division “Akustik und Schwingungen” is responsible for NVH
performance of all BMW Group car models. Involved in every design phase.
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Why use Beams and Shells FE concept models?

Parameter optimization considering construction space

Cross_2 = Cross_3 =
Cross_1 = Steel
, T=1
W.H=40.T=1 CROSS SECTION INFORMATION
J 3

[ CROSS SECTION GEOMETRICAL RESULTS

[ NAME | cross1 | cRoss2 | cross3

[ D [ 1 ' E

[ Area A | 160 | 480 | 240

| Moment of Inertia for bending Ix | 426667 | 128000 | 144000

| Bending Stiffness =E *Ix_| 100% | 100% | 112,5%

[ Mass = Rho * A | 100% 100% [ 50%

2 [ ]




Features and input data for the Beams and Shells model

» Circa 10.000
nodes (FE fine |
Model: circa 1.5
million nodes)

m Beam properties
defined with circa
500 different cross
sections

Sketches

ez
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Separation of input model into carriers and panels

Carrier structure Beam elements

Beam and Shell
model

Panel structure Shell elements
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Optimization process

Functional Targets

Dynamic
Stiffness

Minimum Weight

2 [ ]

Design-Variables of Beam Cross Sections

In the past: Cross Section substituted with equivalent Beam Library property

dim1
PBARL Simple Beam Cross-Section Property
f Defines the properties of a simple beam element (CBAR entry) by cross-sectional dimensions.
Format:
1 2 3 4 5 6 7 8 3 10
dim2 PBARL | PID MID | GROUP | TYPE
DIM1 DIM2 DIM3 DIM4 DIM5 DIM6 DIM7 DIM8
DIM9 -etc.- NSM
o
dimd4 dim3 Lo .
e Desvars: dim1...dim4

State of the art: Exact geometrical description with Nastran PBXxSECT

PBRSECT Arbitrary Cross-Section for CBAR

Defines the shape of arbitrary cross-section for CBAR element.

\

Format:
1 2 3 4 5 6 7 8 9 10
[BRsECT T PID | MID | FORM | NsM | [ | | |
Data description for arbitrary section
Example:
[pBRsECT T 1 10 [¢3 [ [

OUTP=10.BRP=20.T=1.0,T(11)=[1.2,PT=(123,204)] [

Desvars: w, h, t(1)...1(3)

[ ]
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Launcher: Java-Interface for Beams and Shells tools and various
proprietary applications

Widely configurable by xml-files
GUI for program options (e.g. for Perl scripts)
Platform independant (Windows, Linux)

Portable (integrated runtime environments)

<oxml version="1.0" encoding="UTF-8"?>
<applications>

<application>
<group>Beans. Pre</qroup>
<name dMakeForce</nane>
<version>l</version>
<icon>/proj/fzkonz/strukd/Progranne Launcher /resources/perl_64x64. png</icon>

<comnand types"perl®>
<scrip £

ple/script>

Load!
<arg type="inputpath* />
</args>
</command>
</application>

<application>
<group>Beans. Post</qroup>
<nane>B2q¢/nane>
<version>

© IABG 2011

i Launcher =101 x|
Help O EG-41 iABG
All & [+]
Favorites — i B2q-Arguments lolx|
Beams.Post & dsbug
Beams.Pre L] --help
Data Conversion E2d V) --all
Beams.Post
Modal Tools Yersion: 1 [] --bicolor
~-lonly
.8 o ~-model h
l --nobeams
Erg2 -~ quiet
Beams.Post --ranges
Yersion: 1 =
~-shells
-~ startani
. o i
”ﬁ —-www
| Choose...
|~/ | update Bdf
A Launch Ccancel

3
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Design model: Massive creation of desvars, geometrical responses
and constraints with OptiCenter

Application

) OptiCenter | Linux | Java

BDF/DAT-File: | bl

[ optimierung - Standard-Lastraelie

1.6.020 | ax35923

O EG-41

Import ",/ opticenter.cfg”

Export "/ opticenter.cfg”

region

Desvars for

outer
dimensions and
wall thicknesses

Geometrical

responses and
constraints

© IABG 2011

[=] OptiCenter 1| set-Fite: set s Return
[ odefn/drespl
Dbopl7 Bopt7-File: | bopt7 - || Hinzufuegen
[ bdco GROUPS
[ desshell optim1 ~| © All Groups
[ Hirte optim_B-Saeule
optim_|
optim_HLT
optim_Schweller ® Optim Groups
optim_Schweller_B-Saeule_Dachrahmen_HLT v &
< >
§ PID: 71554, Name: PBMSECT, Form: OP
pevAR DESVAR 7155400 W71554 75.020 75.020 112.530
Il FacopCrDimension DVPREL1 71554000 PBMSECT 71554 v
min [0.1 max [20.0 + 7155400 1.000
DESVAR 7155401 H71554 20.330 20.330 30.495
C-Dimension - DVPREL1 71554010 PBMSECT 71554 H
min |10.0 max 280.0
+ 7155401  1.000
Start Factor C-Dimension DESVAR 7155402 T71554 3.000 0.600 3.000
10 DVPREL1 71554020 PBMSECT 71554 T
+ 7155402  1.000
Create'Desvarsfar DVPREL1 71554030 PBMSECT 71554 T(1)
Pbarl/Pbeam! Pbxsect ® Both + 7155402 1.000
DVPREL1 71554040 PBMSECT 71554 T(2)
CORSTRANTS + 7155402 1.000
DVPREL1 71554050 PBMSECT 71554 T(3)
Global Constraint-ID V] Aspect-Ratio
+ 7155402 1.000
3333 max |10.0 s
DRESPZ 7155400 SIDRAT 99
Model Info: #|
Gri 17187| | SMOOTHNESS DEFAU + DESVAR 7155400 7155401
Cbar/Cheam 2648/ || G smoothness Factor [1.6 DCONSTR 3333 7155400 1.000 10.000
Pbar/Pheam Qs
Pbarl/Pbeam! 94| w|Skip Crossings
Pbxsect 404 §
Ctria/ Cquad 13466, § PID: 71555, Name: PBMSECT, Form: OP
el % i SDESVAR 7155500 71555 55.110 55.110 82.665
DVPREL1 71555000 PBMSECT 71555 W
2<  Abbrechen I

o
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Design model: Creation of functional responses, constraints and
objective function with OptiCenter

i Opticenter | Linux | Java 15.0_02 | 4262565 -[o x|
O EG-41 iaBc
BDF/DAT-File: “ - Import ",/ opticenter.cfg”

| Export /opticenter.cfg”
[Owimierng - sangare-waete 5]

mgxs::’:‘e/; ot 1| odern-Fite:
Responses and Do

[ boco Titel: [Default_Config. File Experteneinstellungen ...

constraints for Dot ovemk

Frequenzbereich bis:

dynamic

=

A v |80 [[MoD_111 [+] Mode e [2 [+
StiffneSSGS ) Mode 2 v v 540 |[Mop 281 |~ ] Mode e [3 [~
@ Mode 3 ® v a1s |/ mop_3_1p \v‘i Mode Nr. |4 ||
Mode 4 A Mode Nr
) Frequenzabstand B Hz zwischen Mode 1 [+] wa [2]+

Responses and
Constraints for 7 y-Abstand MTx=0 [404.07  Koordinaten aus BOF |

static

Biegung 1 Schweller | A | v|l6666 9999.9 Torsion 1 (A |v[2120 |lo999.9 |

stiffnesses iegung 1 Tumnel [&_[z]7777 o999 Torsion2 [&_ |20 Joosss |

za1

Biegung 2 Heckmitte [A | v|[3888 9999.9
Biegung 2 HLT [A |+ |2200 9999.9
WW-Querbiegung |A | v|2120 9999.9

We ig hti ng Fahrzeugtyp: ® 4-Sitzer 2-Sitzer
factors

Model Info: r Globale Stat. Steifigkeit [LE+03

Grid  -meoe Dynamische Steifigkeit [LE+03 Frequenzabstand [LE+02
Charicheam = coree Pseudo-Crash [1.E+02 Lenkradimpedanz [1.E+02

Pbar/Pbeam - it e

Pbarl/Pheam ewicht [1.E+ eferenzgewicht [1]
Poxsect
Ccuia/Cquad o=
el | A Schreiben

< Avbrecten |

2 [ ]

Post Processing: Visualization of optimization results

Changes in construction space

© IABG 2011




Post Processing: Visualization of optimization results

Changes in construction space

Nodal Total Displacement

2 [ ]

Post Processing: Visualization of optimization results

Changes in construction space

Rocker panel Roof carrier

Nodal Total Displacement Nodal Total Displacement

31.727]

31.727}
‘ ‘-:L‘:
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PBxSECT for B/S models: How we started

PBXSECT introduced in Nastran 2005 as the result of a collaboration MSC-
BMW, but at that time not supported by any commercial FE Pre-Processor

Status in ANSA 12: Creation of Beams with PBEAM (A, I1, 12...) properties
in the Cross Section Tool

First PBXSECT export functionality provided by Beta Systems in March
2009 for ANSA 12.1.6 as User Script

ANSA How to export the PBMSECT/PBRSECT keywords y’s BETA

+ Under TOOLS>USER MENU the script buttons appear
- Use the function ‘ExportNastranArbitraryCS”

-ANSA Cross Sections used by beams or bar elements will be
exportedas PBMSECT and PBRSECT keywords respectively

© IABG 2011




PBxSECT for B/S models: Where we are now

PBXSECT properties fully supported in ANSA 13.1
3D-Visualization of Beam structure

Cross sections comfortably editable in Cross Menu

4 v

Database
[visibie | Name
ANSAPART
¥ ®cross

| includes | Task Manager

g
NASTAAN Sove Scripteditor

L]
ke Windows Vertcal

Part: Uniites

Show
Hide
Show Only.
Edit
Modify
Copy.
Delete

Invert Selection
Clear Selection
Save List
Reference
Sendto

Editin Cross Menu
Info

Run

Position on curve
Compare

Reinforcements

Uniited

- seiecied

© IABG 2011

UserSciptButtons | Task  Baich Parts TreeView DM

R o> @ & @ B

Includes.

i 8

D Mats Set

i >

8| Pam Measure

secTions
ORENT | PROPERTY
cHECk AN
CONNECTIONS>
petere pasTE

CHECK
CopyProps

o
inputsarset

oRG.
Groupprops;
FreezeRnspecl. CreateOptims.

el

Aux
Warping
Switch1030.

Loap
Makeforce

Fingloint
Exportsets

Quickino
HaifModel
Mirorftset
TakePictures.
Colorsimple
MotTool

DeleteForces |

taserioc
Musset
Editee:
Copyorent

Phssect MIDs

Checkuniaue |

exporsatses |
ResdGroups |

panzser |

wior__|
ReColor?D |
| mmoupics |

Roiover |

| copyorientort |

PBxSECT for B/S models: User Scripts

Until now, ANSA is adapted for the B/S-process by ca 25 User Scripts
(example: groups/parts creation and numbering rules based on xml-file)

- <groups>

- <hauptgruppe name: “ul
<teilgruppe name="
<teilgruppe name:

names="
ame:

VORBAU'>
STOSSFAENGER_VORNE" start._id="70000" end_i

<teilgruppe
<teilgruppe
<teilgruppe
<teilgruppe
<teilgruppe
<teilgruppe
<teilgruppe name:
</hauptgruppe>
- <hauptgruppe narme:

“srunn
BS

ONTEND sxan i

RAEGE!
TUETZUNG_ smETmAEcER“ start_

*70099" />

art_id="70500" end_id="70699" />

*70700° end_i
='71299" />

71300" end_id="71499" />

"71799" />
72499" />

2_STIRNWAND">
<teilgruppe name="STIRNWAND_QTR_OBEN" start_i

2500" end_i ,“72599“ >

<tellgruppe name="TUNNELIOCH" start_id="72600" end_id='72699" /

<teilgruppe name:

</hauptgruppe>

TIRVWAND_QTR_UNTEN" start_ic
<teilgruppe name="STIRNWAND_REST'

"72700" end_ a=r72799° >

start_id="72800" end_id="72999" />

OTORTRAEGER_HINTEN' start_id='73000" end_ic: “73199“ />

*73200" end_id

9" />

~"TUNNELTRAEGER umsm“ start_id="73300" end_ d:“73399“ />

73400" end_id="73599" />

- <hauptgruppe nme='03_BODENTR_VORNE'>
<teilgruppe nam;
<teilgruppe name="TUNNELTRAEGER_OBEN" start_ic:
<teilgruppe narme:
<teilgruppe name="SITZQUER_YORNE" s
<teilgruppe name="SITZQUER_HINTEN" oy _id
<teilgruppe name="BODEN_VORNE_BRUECKEN'

<tailgruppe
</hauptgruppe>
- <hauptgruppe name:

name="BODENTR_VORNE_REST" start_id

start_id="
+73900" eno

*04_BODENTR_HINTEN'>

“7a10a" /-

Use /hone/qasoft3/85.Tools/misc/febs . xal

“70899" /;

09 RESTTR

" 10.var

11.8EAMS REST

12.VAT BLECH

P - -
T " na o R a @! [ [P [ (S]] L= hew ) view  utities , AvsaDi ) Setport | wenty
o o s st || o s s Y s | e O s i b [ ¢ 3
Ootaase | nciudes | TaskManag = B
e i % -—
=
o & e N\
HNTERS, 02 $\’WNWANB 03_ RODEN‘M VOR 04_BODENTR HIN
i o
S
CROSS. va =] o a
tmwos URVE ﬁ\&/\ N /
s
2 0
2 CBAR / =t AG(.}
o | L5 L( T @@»
- .

S
TIRESTPANELY  14STRMWANDP  1SBODENVORN 16 BODEN HINTE
oRaaU ANEL € N
fal ) fal o
—
Name | Apply | Type | CurMinid | CurMaxid | Total | Select | From | To | ncrement | Lock | Pri &)
In Model selectal Invert Delete Clear Sove Unused s
Special Rules
Name Aopy [Ty [cutania [Curtinta [Toal [Fom increment | preserve | Force | Source 4
O trceline_umbering PLOTEL 10800 10448 49 10400 10459 T v PARTITLON

01_taceine_numbering PLOTEL 10500 10538 39

BRI 3 SR

13000 13999
n

Renumber Report Save Rules File

S [ TRANSES [ DN
O LOCK EXTREMESUCHECKE | UNMES. o) Fine

'] hed

Findjoint
0
Inputsatset | Exportsets

Quickinto

(Groupprop:
mmunspm Createoptins.

HaltHodel

F Fu
anOautepetel” Mot

AUX  Tokehctures
Warping | Colorsimple
Switch1030 | MatTool
L Deleterorces
Makeforce
TesT Laserioc
wes. MbsSet
ELEMENTs _ atpeams
Copyotisets | Copyorent

CROSS TOOL _Phxsect MDs

CAMNATE 5
DPATCHES

Checkniaue

Exportgasets
ReadGroups.
Part
Partzset
Miror
ReColorD

RmDUBICS.

Raliover

Copyorentort
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PBxSECT for B/S models: Next developments

Visualization of Nastran PBXSECT description
Control of PBXSECT parameters (Point-ID, Set-ID, distortion angle)
Check for valid PBXxSECT Syntax of Cross Section ....

o R I e &\

........

cccccc

Untities

,,,,,,,

wwai
2 [ ]
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Topology modification: adding a 2nd b-pillar

Historic reference: L7 (1997-2001)

© IABG 2011

Extension

Extension +
2nd b-pillar

O i

Topology modification: adding a 2nd b-pillar
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Topology modification: adding a 2nd b-pillar
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Topology modification: adding a 2nd b-pillar
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Topology modification: adding a 2nd b-pillar
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Summary and Conclusion

The beams and shells FE concept modeling and optimization process is well
established at the BMW NVH department and is used extensively in all
early phase car development projects for designing optimal car body
structures.

Over the years an extensive set of proprietary tools has been developed
for building these types of models and for post-processing.

ANSA has been established as “state-of-the-art” pre-processor for
PBxSECT models with an exact geometric definition of the beam cross
section.

The PBXSECT capabilities in ANSA enhanced by various User Scripts
leverage the existing process in terms of speed, efficiency and quality.
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