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Executive Summary

= AUDI AG

= Current Simulation Strategy for Virtual Handling and
Ride Dynamics

= VI-grade

= Current Tools and Development Strategy for
bridging off-line and on-line Simulation

Audi ghé
Vorsprung durch Technik (m V1 grade




Chassis Control Systems

= interaction must be represented in simulation model
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Tasks of Simulation Environments

Vehicle
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Module

Function, Properties
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MATLAB Integration Model (MiL&SIL)
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Mechanical Vehicle Modeling

Complex Reference Model:

= ADAMS/Car Handling Model

* (Pac2002, Non-Lin Bushings, Flex Bodies ...)
= ADAMS/Car Ride Model

» (FTire, Hydro&Freq Bushings, Flex Bodies ...)

Simplified Model:

» VI-CRT Model for Handling
= MATLAB Model for Ride (AUDI development)
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Mechanical Vehicle Preprocessing
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Examples of Simulation Tasks

Task Reference Fast
Model Model

Handling Development X X

Ride Development X

Powertrain Effects on Handling&Ride X X

Durability X

Design of Control Algorithms X

Body-To-Ground Clearance X

Specifications for Actuators and Sensors X

Support of Component Parametrization X X

Robustness Check of Vehicle Configurations X

Lap Time X
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Development Loops

v
— ext Lon start

gp ACAR passive vehicle
) gl model & simulation

* int Loop start
= > VI-CRT active vehicle
model & simulation

— int automatic Loop start

ﬁ VI-CRT active vehicle 4+ . AR + |-

Optimal
Design

— int automatic LOOp end MathWorks

Partnor

* int Loop end

» ext Loop end
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Comparison ADAMS vs. VI-CRT
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Damper Control System

Example

i 2007-2009

acar_audx_dr_a1_tz_opt_081002 * [ =]

File Edt View Simulaton Format Tools Help

DIBEHS| s BE [t 2y ol o | FHBSH RBES

Model Browser
Ersteller: tefwim
erstellt 10-0ct-2008
letzte Modifikation: 10-Oct-2008 08:56:10
durch: tefwim

[Ready [100% /

=
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Mechanical Car: ADAMS

Settings of the Controlled Damper

Mechanical Car: VI-CRT
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SimXpert and VI-CarRealTime: future

Scripted
Automation
MSC A Software

Car Ride Model __

Scripted Automation

VI Srade

VI-CRT Model with
Powertrain Mass Motion
- @ @ @ @@
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VI-CarRealTime
"ADAMS goes RealTime"

= Full compatibility with ADAMS/Car:
* Common data model
« Same driver control file
» Same data output format
= Vehicle dynamics
» conceptual

» multi-objective optimization
= Control systems development
» Software, Hardware and Model in-the-loop
= VI-grade
» 20+ years experience with ADAMS development
» Great understanding of vehicle dynamics
» Collaboration with major international OEM’s
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ViI-CarRealTime
Product Strategy

Vehicle
. Dynamics,
7.\ Ride, Durability,
h = Fuel Consumption

Benchmarking

VI grade
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VI-CarRealTime Components

Vehicle Generation

Models

Susp Curves

Susp Loadcase Files
Property files

Susp CLLrves Generation

VI-Vehicle

ADAMS/Car plugin

Model through
socket or files

Model through
socket or files

HiL, HuiL
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VI-Grade
HIL&Driving Simulator

Cockpit Virtual Dashboard

Vehicle Model Real-time Machine ECU
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Human-in-the-Loop

= More and more control systems are included in a car to facilitate
drivability, safety and comfort
= Numerical modelling of these systems has reached unprecedented
levels of accuracy
= Some vehicle control systems require the human-in-the-loop (ABS,
ESP, ASP)
* how does the human perceive, memorize and learn the system control
actions?
» Are those controls action suitable for the human?

» Can we inlcude a virtual human model in the DS platform to understand
all that?
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Sensory Conflict Theory

Stimuli Receptors Central Nervous System Responses

Motion
System

Volitional and
Reflex Motions

Internal Model
Neural Storage of
Expected Signals

Active
Motion

Eyes —
CNS
Update mediating
Motion Stimuli Vestibulum > Internal MS sympthoms
Signal Model ’

Mismatch

Proprioception

Passive
Motion

adapted from: Benson C.M., “Motion sickness®, in K. Ernsting (Ed.) Aviation Medicine, Second ed., Butterworths, London, 1988
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Simulate the simulator

= Adriving simulator has to reproduce the angular rates and forces that the driver would
feel if the simulation was real, but ...

& - &

inertia & workspace inertia & workspace

= The vehicle dynamics signals have to be filtered due to limited workspace
WASHOUT FILTER needed

@» 0

WASHOUT FILTER

A

Platorm Lateral Displacement.

—Scated nput
—Unscaled nput

PERCEPTION ON
PLATFORM

VI grade

reserved, 2007-2009

10



Integrated Simulation Solution

Consistent framework for the S'Mmartio“ Workbench
Real-Time Modeling Environment

development and execution of

multiple, multi-rate, real-time

simulations for:

Execute MATLAB&/Simulink®
- and hand-written code models
in real-time

“legacy code” models (VI-CRT)
= MATLAB/SL

Flexible Integrated Simulation Solution:

= for all Concurrent iHawk 32-bit Multiprocessor Systems with RedHawk Linux
relies on RedHawk Real-Time features

supports large selection of COTS I/O boards

I concurrent
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Integrated Simulation Solution
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SiMulation
Workbench

I trigger

I/0 boards

teiitie SlMulation
FBS = Frequency Based Scheduler Ll Workbench
.. & concurrent

** RCIM = Real-Time Clock and Interrupt Module
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Flexible Model-in-the-Loop

Lo
9
. /Wjoyoo
SIMulation %y %
MiL Workbench
1'trigger
SiL/MiL

HiL P——T 1/0 boards

HuiL

RedHawk Linux

= simulation becomes a hybrid reality

VI grade
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Integrated Simulation Solution & §Myfation

Simulation Cycle

Finalise signal and
parameter values for

Read Inputs this cycle Execute models Write outputs

Model Z
Model Y1

Model X

Test Scripts
Model Y2

Al _ A0
DI DO
ARINC 429 ARINC 429
AFDX In-Memory Real-Time Data Base (RTDB) _| AFDX
Resolver Resolver
-
RVDT RVDT
CANbus CANbus

FlexRay




Development Loops

v
—~= ext Loc_)p start

gé? ACAR passive vehicle
model & simulation

* int Loop start

VI-CRT active vehicle

... model &simulation

— int automatic Loop start

— int automatic Loop end

* int Loop end
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