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Statistical Evaluation Parameter SEP

Sum of distortion magnitude of all diagonals [mm]

«— SEP= 10%

Distortion Magnitude
Distortion Magnitude

LUl L  E——

o 2 4 ] B 10

T < SEP 100%

CEVT



Node FIIOU 224001

Statistical Evaluation Parameter SEP LE

SEP =30 %
Node 223001 - 238001
Mode J22001 - 224001

P el
AR pure
—— 15 DRRCUN
:.:'-:D-Lq;..

n
I' 1 r

"--_,_______“

SEP=10% 0

SEP =100 %

CEVT



Dominant Distortion Pattern DDP = f(SEP)
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Dominant Distortion Pattern DDP = f(SEP)
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Force VPA
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Wheel suspension forces
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Wheel suspension forces
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Forces analysis
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Dominant Distortion Pattern Force Pattern
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SOL 101 using inertia relief
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\ \' l SOL 101 using inertia relief
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Y and Z Forces - Front (schematic representation)
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Dominant Distortion Pattern Force Pattern
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Stress contour plot
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I MSS toolbar X

Filename Name Enabled Filter Strain Scale

Distortion from SOL 112 as pch file

| L]

[ 10000. |

Filter options: Low cut freq, high cut freq (Hz)

[ Add ] [ Remove
Qutput requests Coordinate system
1 On Geo plot | Table [] Bar plot [« ESL “ local @ global
Component options
- o Qutput type
X Y mag
@ displacement ) strain

Qutput option

“'RMS @ SEP | 30 |% (per diag&comp, 0%=max)

MSS | latch | bushings | bushings MPC |

Load time history

Evaluation Entities
1st diagonal
| Front door left - 1
¥| Rear door left - 1
| Front door right - 1
| Rear door right - 1
| Sunroof - 1
¥ Tailgate - 1
¥ Rear seat - 1
[ | B-section - 1

| | A-section - 1

2nd diagonal

¥| Front door left - 2
|¥| Rear door left - 2
|¥! Front door right - 2
|¥| Rear door right - 2
|¥| Sunroof - 2

¥| Tailgate - 2

¥ Rear seat - 2

B-section - 2

A-section - 2

ESL input
Time-history:

[ <None selected>

Dload:

[ <None selected>

Qutput dir;

[ <None selected>

Plot
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5 ESL files SOL 101 inertia relief

$5 META point id: 1291
%5 pch x-value: 2.582
55 pch y—value: 12.0B4505468417802
$5 DLOAD x-value: 2.582
$5 DLOAD index : 1291
33
B R R R R R R R R R R R R R S R R 053555555553 55535535535353553883%
[ ) FORCE 155000131 ~100.732 1.0 0.0 0.0
| | pattern_esl_nr_1_input_pnt_347.nas FORCE 155000131 -§16.837 0.0 1.0 0.0
FORCE 155000131 -106.204 0.0 0.0 1.0
[ . FORCE 155000231 ~82.1506 1.0 0.0 0.0
|| pattern_esl_nr_Z_input_pnt_713.nas FORCE 155000231 108406 0.0 1.0 0.0
— FORCE 155000231 —42_.6575 0.0 0.0 1.0
| N FORCE 155000132 -20, 3440 1.0 0.0 0.0
L] patl:ern_esl_n r_3_|nput_pnt_29?5, nas FORCE 155000132 50.7534 0.0 1.0 0.0
K . FORCE 155000132 -15,1544 0.0 0.0 1.0
I_ pattern_e;Lnr_d._mput_pnt_'lzg'l Jnas FORCE 155000232 ~216.167 1.0 0.0 0.0
FORCE 155000232 434.3574 0.0 1.0 0.0
s . FORCE 155000232 -70.4572 0.0 0.0 1.0
| pattern_esl_nr_3_input_pnt_420.nas FORCE 156700141 122.388 1.0 0.0 0.0
FORCE 156700141 —-165,124 0.0 1.0 0.0
FORCE 156700141 -577.598 0.0 0.0 1.0
FORCE 156700241 -152.113 1.0 0.0 0.0
FORCE 156700241 —425 065 0.0 1.0 0.0
FORCE 156700241 517.7055 0.0 0.0 z Ml |
FORCE 1550001632 31.40463 1.0 0.0 0.0
FORCE 155000163 —-5.15434 0.0 1.0 0.0
FORCE 155000163 909.4758 0.0 Q.0 1.0
FORCE 1550002863 —42 8932 1.0 0.0 0.0
FORCE 1550002863 -10.8632 0.0 1.0 0.0
FORCE 155000263 —-426.060 0.0 0.0 1.0
FORCE 171000204 -202.895 1.0 0.0 0.0
FORCE 171000204 -0.47982 0.0 il | 0.0
FORCE 171000204 —4 62513 0.0 0.0 1.0
FORCE 171000104 —-1B8.038 1.0 0.0 0.0
FORCE 171000104 -0.45358 0.0 1.0 0.0
FORCE 171000104 —-3.42368 0.0 0.0 1.0
FORCE 166600321 -265.331 1.0 0.0 0.0
FORCE 166600321 33.43146 0.0 1.0 0.0
FORCE 166600321 101.1342 0.0 0.0 1.0
FORCE 166600421 —-660.688 1.0 0.0 0.0
FORCE 166600421 55.51377 0.0 1.0 0.0
FORCE 166600421 -265.052 0.0 0.0 10
FORCE 166200351 —-102.8648 1.0 0.0 0.0
FORCE 166200351 119,3053 0.0 1.0 0.0
FORCE 166200351 1022,253 0.0 0.0 38
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Distortion magnitude
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Opening Distortion Fingerprint (ODF)

The Opening Distortion Fingerprint (ODF) is a method to evaluate the
opening stiffness on vehicle body using dynamic results instead of
static loads. It can be used to limit the distortion in the closure
openings, and enable a deeper analysis of the dynamic forces acting
on the body.
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Abstract
T T by i menoe of i rles b al vwwhabe i uignidi-

camtly affecied by the structural nsegration of 1he seidl
baltery package. In addition, the bidy wpology al
future ebectrical vehichewmobility sobitions will differ chearty
fram domvcntionsl ones, g o Bopillar, This makes the
current body nequirement sach as static torsional stiffnesy
s melevan
Ln order 1o meet the new challenges during the virual
development phasea nﬂrlmd:,-n-ﬂul.l:lﬂn enethisd Bas been
drvwloped. The metted wies the dynamic divoston in all
openings in acomplete wehicle serup to caleulare the so-called
Opening Distortion Fingerprim (ODFL The ODF evaluatbon

Introduction

he stiffness of the vehicle bady is an importast param-

eter for Bth Perocived Oualiiyand Vebicle Dynamio.

On thie one side the mifness b very stronghy related 1o
(1.7 lrlﬂmduﬂuﬂnrﬂi hetween diflenert abasaembles e E
enadriiment panel amd door panel) snd withiin a subassemidy,
whidch sre moumied o the bnd:r |12} And om the saber side it
ban a clear impaxt on Uhe interaction between the whrel
suspensiudrive line and the body. Since many vears the static
Lirnampnal aifreis b oaeed 30a rgquirerent on Lhe Indy s

e Currenthy the sawamotive industry s in o ansition phase
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s perdmiioed i Uie and (resgiiendy domain. The applicalion
wof this new method ks shown in both test and simuolation.

There ane Eans inakn aocas ol wdi.u-m hac aof theen i
Percerved Cuality where the ODF can be used as & new body
ansessment crfierson. This ale inchides the calouleison af an
wquivalent natic koad (ESLY based on the ODF, which can
huud.:l’nlwmuamn TP The srcned area s Viehisle
Dynamics. The ODF, wogriher with Uhe operating defllection
shape (ODS) enables dupﬂ uwnalysks of the imersction
Tetweren Lhe whed susprosianddive line aml the body. A test
exanple is presented where a dominant pitch mode of the
alrive line could be Fin]u.lnl Brased ity the CHOF il then
confirmed by the ODS.
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Vehicle Stiffness Evaluation in MBD Simulation Using the
ODF Method (Opening Distortion Fingerprint)

J. Weber, P. Ugale, S. Olsson, CEVT AB, Gothenburg, Sweden;
R. Varela, Altair Engineering GmbH, Béblingen

Abstract

Within Durability the combination of Multi Body Dynamics (MBD) and Finite Element (FE)
simulation has been applied for many years. First, the MBD simulation is calculating the
forces between a detailed chassis model and a simplified trimmed body model. In a second
step, the time history of the forces is applied on the detailed FE model of the trimmed body in
order to perform the durability analysis. The increased application of this simulation
procedure also within Perceived Quality shifts the focus from strain/stress to deformation
evaluation of the body. To make this hybrid-simulation more efficient, the evaluation of the
body deformation is performed directly in the MBD simulation. To enable this process the
detailed FE model of the timmed body is converted to a flexible MBD model including all the
necessary output points for the body evaluation. An example of this enhanced process is
shown where the new body evaluation method ODF (Opening Distortion Fingerprint) is
applied. By automizing this process the benefit of the ODF outcome becomes even more
clear. Beside using ODF as efficient health check for the complex MBD simulation of a
complete vehicle, it can be also used as assessment criteria for Perceived Quality and for a
deeper understanding of the interaction between the chassis and the body (Vehicle

Dynamics).

Introduction
The static torsional stiffness has been used as assessment criteria for vehicle bodies since
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