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Motivation - Virtualization in vehicle development
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Solution approach

Consistent combination of modeling, parameterization and validation
based on real world experiments and test rigs

» Generation of system understanding through abstraction « Parameter identification
and reduction to essential effects corresponding to the
Reality Simulation Abstract model's level of detail
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* Increasing the efficiency and accuracy of validation
by simulating the environment of the specimen within the validation tests
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Solution approach - Modelling

Established modeling concepts: Influence ofstops ~ New model approach to represent high loads,

(deformation imitS) Ky draulic damping and multi-axial excitations:
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Solution approach - Modelling (Parameter identification)

Particle swarm optimization according to Legend:
KENNEDY AND EBERHARDT  Frococaings of the IEet imternationsl conforence onneoral LTS Meas Load-Time-Series measured at test rig
networke, 1935 B 4, 5. 13421548 DTS Meas Deformation-Time-Series measured at
Modell test ri
LTS . g o
Meas LTSSim  Load-Time-Series simulated
Fe s Siheas Damage sum of LTS Meas
DTS \ LTS Seim Damage sum of LTS Sim
L ‘ éma“ O > Function for optimization:
Meas LYI ][] [ Sim1...n 0= f(Srel) : Zgzgnde(LTSreal - LTSsim)2
- [4] I Ssim
y . . rel —
T W 1 Smeas

1 1 1 Movement equation of the particles:

b1 o) b1 S

ch ch ch W

bh| |bh T bh _ A R

mh mh mh vl(t + 1) —| C1 (pbl(t) pl(t))"l; Co (pgl(t) pl(t)?

Y Y :
Particle experience Swarm - TN

Particle P P2 Pn knowledge —

TECHNISCHE g Vehicle Test Center for Parameter Identification | Draft of presentation
UNIVERSITAT ﬁH"FD AMFD - Auto Mobil Forschung Dresden GmbH / S. Bender Folie 7
DRESDEN Dresden // 19.10.2020



Solution approach - Modelling (Validation)

Validation data Comparison Measured Load Signal vs. Simulation Results x-Direction
s g — Measurement signal . \
vaUISItlon E = = Simulation results (Dronka&Rauh) f ~T— ——T ek > Signiﬂcant
i """ Simulation results (Kelvin-Voigt) | I improvement Of the
Q ‘ .y . .
3! | L signal quality of the
i | " newly developed
0 WQMEAMW%‘JW‘M simulation model
| | | 'l compared to
. standard modellin
0 20 40 Time [s] 60 80 100 8
Ascending Cycle of Classes = Relative Cuxpulatwe Démge > Display of load
1 = | peaks with
= < U= | improved accuracy
= £ [0 |
3 - > Increase of the
L3 < | 4y signal damage to
2 : approx. 104%
O nl -3 l
0 50 100 0 50 A0
Number of Cycles Cumulative Damage [%](Measurement=100%)

TECHNISCHE e Vehicle Test Center for Parameter Identification | Draft of presentation
UNIVERSITAT .EHMFD AMFD - Auto Mobil Forschung Dresden GmbH / S. Bender Folie 8
DRESDEN Dresden // 19.10.2020



Solution approach - Parameter identification

Characteristic Curve Mass and inertia parameters
Based Models
Vehicle weight (axle loads) Center of gravity coordinates

Kinematics and compliance (KnC)

Toe, camber, longitudinal and lateral translation through parallel and anti-parallel wheel deflection

Toe, camber, longitudinal and lateral translation caused by steering

Toe, camber, longitudinal and lateral translation under side force

Mass and inertia parameters of abstracted components

Component mass Center of gravity coordinates

Hard point coordinates

Positions of joints in reference frame

Spring an damper characteristics

Linearized scalar parameters or look-up-tables

Mass and inertia parameters of detailed components (Reverse engineering)

Elastomeric bearings behavior

Linear an nonlinear parameters for dynamic multi-axial bearing behavior

Spring an damper characteristics

Advanced model parameters to represent nonlinearities e.g. friction

Level of detail
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Solution approach - Parameter identification

Concept Implementation

Parameter Identification Process Vehicle Test Center in Dresden
locally concentrated comprehensive test rigs
Zero-order Vehicle Inertia Suspensmn Motion
i, ! ! -, B = 3 1 Y :
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Solution approach - Validation

Principles of Validation: Advantage of multilevel aspect of solution approach:

- Repetition of experiments for statistical evaluation « Saving of test efforts through use of data on multiple levels of detail
of measurement uncertainties » Reuse of parameter identification tests for validation of sublevel
« Model effect validation by variation of the test models
configuration (e.g. payload) as robustness check » KnC characteristics from total vehicle parameter identification
* Use of objective performance indicators can be used for validation of axle subsystem model
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Solution approach - Validation

Digital twin of test rig:

Increasing the efficiency and accuracy of validation by simulating
the environment of the specimen within the validation tests

Advantages:
- Differentiation between test rig and specimen effects

» Use of drive signals for excitation trajectories along
sensitive spatial directions determined by simulative
sensitivity analysis

» Increasing efficiency by model based preparation of
experiments
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Application - Total vehicle level

Road test validation data Static and dynamic K&C measuring Inertia parameter identification
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Application - Subsystem level

Axle Transfer behaviour Suspension characteristics Powertrain testing
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Application - Component level

Tire parameter identification

Spring and damper characteristics
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Outlook - Virtual testing und connected test rigs

Simulation environment
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Contact

Prof. Dr.-Ing. Gunther Prokop // Dr.-Ing. Stefan Bender
Managing Director AMFD GmbH

Tel.: +49 (0) 351/463-34529 // - 34547
Fax: +49 (0) 351/463-37066
Email:  guenther.prokop@tu-dresden.de //

stefan.bender@amf-dresden.de

Technische Universitat Dresden
George-Bahr-StralRe 1b
01069 Dresden
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