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ability for the vehicle body to last a long time without being damaged by road loads.

We can either speak in terms of life of the vehicle or in terms of damages caused to the vehicle.
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Physical validation Numerical validation
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Fatigue prediction
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Fatigue prediction
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O1- Introduction

Rough road load frequency range:
between 0 Hz and 20 Hz
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Why does especially light commercial vehicle benefits from a dynamic approach to structural response?

SUBCASE 1 =MODE 21 ,FREQUENCY 2. 2 STITRE: 1

SUBCASE 1 iMODE 11 FREQUENCY 2.332045€401  FIGENVALUE 2.147007E404  MODAL ANALYSIS:

[ FREQUENCY 2.332045£+01 FIGENVALUE 2.147007E404  :MODAL ANALYSIS:

Light commercial vehicle (LCV) structural modes < 20 Hz
= Dynamic response of the structure to road excitation
= Dynamic based fatigue prediction is preferable

Passenger car (PC) structural modes > 20 Hz

= Minimal dynamic response of the global structure withing the range of
road load excitation

=> Static based fatigue prediction has proven sufficient accuracy

1IN

static unitary loads  x  road signal

Time domain modal superposition response
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01 - I n t ro d U c t I o n SUBCASE 1 #MODE 11 ,FREQUENCY 2.332045E+01 /EIGENVALUE 2.147007E+04 ::MODAL ANALYSIS: i\‘ RG
Y
-

SUBCASE1 =MODE7 ,FREQUENCY 1.558146E+01 ,FIGENVALUE 9.584646E+03  ::MODAL

|:|No Value

Torsional modes

Flexional modes

SUBCASE 1 =MODE 13 ,FREQUENCY 1.781879E+01 EIGENVALUE 1.253476E+04

SUBCASE 1  :MODE 18 ,FREQUENCY 3.682231E+01  ,EIGENVALUE 5.352810E+04  :MODAL ANALYSIS:

Panel modes
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Renault MASTER — L2H2
Study performed by MAGNA teams
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02 - Fatigue prediction process RG

Model & Assembly Structural calculation Fatigue prediction
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02 - Fatigue prediction process
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Road load acquisition = Target response
(wheel/body relative displacements + knuckle accelerations)

Multi-body
dynamic
simulation

Noise excitation
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Structural calculation
transient response
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02 - Fatigue prediction process

MAGNA collaboration and improvment on RENAULT model

LESTAGE AR

Initial Pretensioned
configuration configuration

Addition of tension belt in the model + pretention

FEMFAT Nugget
(CQUAD-CBAR-CQUAD)

Use of FEMFAT nugget spotweld model for spotweld damage prediction

MAX penetration f-----------===---ocommrm D

Dynamic contact consideration

=>» Automatic detection of potential contact pairs

=>» Time history penetration calculation = maximum penetration

=>» Contact pairs with maximum penetration are activated for dynamic analysis

=» Modal stresses
&

=» Modal coordinates
=¥
¢ IV EYY software

MAGNA MODAL BASED ANALYSIS
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Structural calculation
transient response
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Fatigue prediction
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Correlation with physical test failures =» detection of the main structural failures
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03 - Fatigue prediction results

TFEMFAT [

FINITE ELEMENT METHOD FATIGUE
¥
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~ the simulation — not
detect in physical test
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o .

with test failure
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RG

solution

Non-Linear Model

(contact & tension belt pretention)

=» Great reduction of the number of false detection with the consideration of contacts
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= The dynamic-based fatigue prediction detects the main physical test
failures.

Major
" . : . . diminution of
> The addition of non-linear consideration (contact and belt pretention) false detection linear
doesn’t deteriorate the level of good detections.
non-linear
=>» The addition of non-linear consideration (contact and belt pretention)
greatly diminishes the portion of false detections.
Same level of
improve results by: physical test
= Reduce further the number of false detections detection
» Increase the ration between good detections and non detections
non detection
physical test failure false detection
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Adapt FEMFAT
nugget diameter
to shell
thickness

Contact
adjustment

MBS model Door sealing FE review
tunning N
Sealing damping in
: MAMBA

o o

2 4

I B PR B
MBS simulation SRESET S—_—
with flexible
body
Light Commercial Vehicle Vibration Fatigue 24

[ Renault Confidential C |




04 - Conclusion

DYNAMIC APPROACH

= Standard static based approach can’t
reproduce main structural failures

= Dynamic based response is essential to
correctly decribe the body behaviour and
capture hot spots.

good detection

non detection

physical test failure false detection

= static ®mdynamic
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