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INTRODUCTION.

= Numerous subsystems for comfort, safety, electrification in
modern vehicles.

= Mounted Parts are submitted to vibration loads (road excitation).
= Local occurrence of mass-force excitation.

State of the Art in structural durability assessment
= Reliability and safety factor concept on mainly experimental basis.

External Excitation

Application limited for mass-force excited components:
- Frequency-dependent power content in load spectrum.

- Coupling vibration.
- High impact of vibration behaviour on fatigue lifetime.
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= Minor uncertainties in input parameters can significantly change
the vibration behaviour.
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CONCEPT.

@ Definition of Parameter space &
target value

Connection point

A

.'é

T =~—— Component

Definition & acquisition of parameter
scatter bounds & distributions

@ Surrogate models

--— Exact
+ Data *1

—— Kriging
95% confidence bounds

Dependent Variable

Independent Variable

Generation of higher numbers of samples

@ Model reduction

Reduction of computational time
(e.g. Superelements)

@ Quantitative sensitivity analysis

= First Order Scbol Indices = Total Sabol Indices

Identification of most influential
parameters (e.g. Sobol Indices)
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*2: With reference to A. Stuart, Uncertainty Quantification in Bayesian Inversion

@ Analysis of relevant frequency
spectrum

PSD-stress across the frequency spectrum
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Investigation of stress across the
frequency

@ Uncertainty Quantification by means
of an inverse Parameter calibration

Calibration of difficult-to-measure parameters

using modal measurement data

@ Qualitative sensitivity analysis

Main effect and interaction for damage at Hot Spot 1,05,

03 04 0.5 08 07 08
Absalute value of mean elementary effects, *

Morris plot for qualitative identification &
discarding of non-influential parameters

Uncertainty Propagation and
Reliability Analysis

2

Deviation of 15t natural frequency [%)]

H]

&

Thickness_mounting [mm]

Derivation of limits for parameters &
frequencies. Evaluation of the robustness




EXAMPLE AUTOMOTIVE COMPONENT SUBMITTED TO VIBRATIONAL LOAD.

‘- Mounted component realised as point mass (with

concentrated mass & mass moments of inertia).

[= Connection to thin plates:
- 0,8mm Thickness
- Measures: 310x200mm & 200x200mm

Connection of the mounting via CBARs und FemFat-Spots.

Rigid constraint of the edges with RBE2 elements.

Point excitation at the master node.
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ANALYSIS OF THE RELEVANT FREQUENCY RANGE.

Durability@Min [%]
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Hot Spot 1

= Three Hot Spots can be identified. Hot Spot 1 (HS1) is most critical.
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= Frequency spectrum at 1°t natural frequency is most damage-relevant.

10.05.23 | Sven Maier & Florian Bachmann




ANALYSIS OF THE RELEVANT FREQUENCY RANGE.

1st - 4th natural frequencies of the system Y-Direction
w: PSD-stress across the frequency spectrum
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= Highest PSD-Stress occur at frequency spectrum at 1st natural frequency.

= Shiftin Tst natural frequency to lower and higher frequencies results in PSD-Stress increase in Y-Direction = "Safe Side"!?

10.05.23 | Sven Maier & Florian Bachmann -7-



WORKFLOW FOR MULTI-PARAMETER VARIATION.

Variation of

v

Input:
PSD of loads

Model
Parameters

Input parameters

Optimus
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FEMFAT Spectral
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OVERVIEW PARAMETERS & OPTIMUS WORKFLOW.

29 uncertain parameters considered > Material, Geometry, physical quantities, Signal.
Uniform distribution with 10% scatter assumed

E-MOdUl, denSity, —_ Optimus Workflow
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QUALITATIVE SENSITIVITY ANALYSIS.

Exploration of Parameter space

Main effect and interaction for damage at Hot Spot 1,D,s;, Qualitatively most significant
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High p* - strong direct influence on target value (Main effect)
High ¢ - strong indirect influence on target value (Interaction)
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Densitiy_mounting

E-Modul_outer_weld_spot
E-Modul_plate

Mass_offset_x

Mass_offset_z

= 750 samples used for calculation.

= |dentification of non-influential Parameters.
= Reduction of dimensionality.
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MONTE-CARLO-SIMULATION.
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DoE - Latin-Hypercube
Simulation (3300 samples).

Scattering of the 11
Parameters (identified by
Morris-Method).

Determination of damage
distribution = GEV.

GEV: Generalized extreme
value distribution.

Probability of Failure P;= 0.2

Residual sum of squares
n
RSS: ) (i — f(x0)’
i=1

Measure of the discrepancy
between the data and an
estimation model

Distribution RSS

GEV 0.045
Lognormal 0.049
Gamma 0.199
Beta 0.2

Normal 1.909

DoE: Design of Experiments
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CORRELATION BETWEEN NATURAL FREQUENCIES AND DAMAGE.

Damage Dys; [-]

-5 ()} 5 10 15
Deviation of 1th natural frequency [%]

Decrease in natural frequencies = increase in damage.
Typically, increasing power content of the load at lower frequencies.
Parameters with a strong influence on the vibration behavior also have a high

impact on the fatigue lifetime e.g. Thickness mounting & plate, mass.

In addition to damage, natural frequencies and eigenmodes are important
assessment criterion for mass-force-excited components.

10.05.23 | Sven Maier & Florian Bachmann

20
— 15
S
210
=
3
§' 5
——
® 0
=
e
s 5
2
5 -10 'S
g «
=15 O R
% .:’i." SoiE « No Failure
a0 f I * Failure
=25 1 1 1 L ! L
3.5 3.6 3.7 3.8 3.9 4 4.1 4.2 43 4.4 45
Thickness_mounting [mm]
20
= 15 o, . .o
9 St e S, .
= e et R . . . "
g ‘.';;(‘.77, ? }-'»"'“-':'-" ;,'-' LT A 5
5 " - o .:0.0 dﬁ{‘*\ *evee Y ..o.l
g 5 7, & 2 e 83 < léf’}“
=3 ey LOR IO YOIE 38 o g0 2, ]
2 1-3',’5;. AL A Uy o
ot LN Bl SR B0 Aag a0
& B Yot/ x by )j— &,"
3 . c‘g o‘ "y . iy i, e " 2
g5 .f' L 2 3TN b LR s ¥ o
=% . ﬁ“.*..i_,’.,(‘?.\.{-. ,5}:".3 S AR
o -10 DAL SRt N R 2 )
o o R 1) #&. *° G4 ‘)N
= . o T Qee .. oo b i.‘.io‘”%’oo
8-15 S . M I st 2¥ Y,
:§ . . s e ° e o °
3 -20 | | * NoFailure ¢ ® . .2
=] o Failure
225 L L L !
0.65 0.67 0.69 0.71 0.73 0.75 0.77 0.79 0.81 0.83 0.85

Mass_component [kg]

-12-



MODEL REDUCTION.
SUPERELEMENTS.

Standard FE-Model Reduced Order Superelement Model
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= Reduction of the FEM modeled mounting to a superelement with mass and stiffness matrices = 60% reduction of calculation time.

= |dentical results for calculated damage.
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FEMFAT SPECTRAL IN COMBINATION WITH SUPERELEMENT DATARECOVERY.

» FemFat development team supports future
evaluation of stress data recovery data blocks
* FemFat enables complete vehicle simulations

« Many runs in Nastran for DoE . o
with scattering input parameters

» Reduction of components and structures in
superelements for full vehicle simulations

« Assessment of Hot spots envisaged

« To date, no assessment possible for Hot

Spots in superelements
« Data recovery of critical areas necessary I FEM FA I

- DoE: Design of Experiments
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