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AVL is the world's largest privately owned
and independent company for the development,
Ssimulation and test of powertrain systems in the

transportation industry.
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MAJOR CHALLENGES IN THE AUTOMOTIVE INDUSTRY

Energy Fatality-Free Communication

Efficiency Driving Everywhere Globalization




SMART TRAFFIC
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VEHICLE TURNING INTO A SMART PRODUCT

iﬂf e Focus iIs shifting from the
|

Intelligent driver...to the intelligent
/ car (self-driving)

= Cybertronic system development

= Need for cooperation across
technical and business domains

= Cross-collaboration process &
organization are essential




SMART PRODUCTS
ARE INTEGRATED INTO

\ntefnet of Serv,'CeS

Smart Mobility Smart Services

£

Smart Products (CPS)

for our customers
@

Smart Grid

Smart Buildings

Smart Factory

Internet of Things

Quelle: Adaptiert nach acatech 2013



THIS NEEDS A HOLISTIC VIEW
TO GENERATE THEM

mtemet of Serv,'ceS

&,

Smart Products (CPS)
r customers
L)

Smart Factory
Internet of Things

Design to Production

Design to Service



CHALLENGE
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CHALLENGE
ORGANISATION — PROCESS — NETWORKING

Work Products U‘ ‘
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Release 2 RElease 3

Release 5

Development
Resources




CHALLANGE
REALITY BITES - BACK

Driver Input including
Mis-use

Driver

L Testing of Extreme
variation

Conditions

Test track

Driver variation

Vefiicle variant
variation

Road surfage
variation
¢ Road

Environment

\ Traffic

variatio

ehicle load

variation \

Vehicle

Sensor /

simulation

g-rate sensor /

»
\
\ PT
\
Engine, Transmission
eMotor, Battery
variation

/

Tire
variation

Injection of
Stress & Faults

Reproducibility

KNOWLEDGE MANAGEMENT IS ESSENTIAL



MULTIPLY THE CHALLENGE:
MULTIPLE DOCUMENTS TO BUILD THE PRODUCT

SOFTWARE

O

SCIENCE ANALYSIS

PROJEKT /| 7.~/ % PROPULSION
MANAGEMENT / . % 1 | J=
k :- 5 ..""- -

MANUFACTURING



THE QUESTION




SYSTEM THINKING SUPPORT
INNOVATIVE SMART PRODUCTS & SYSTEMS




THE ANSWER: SYSTEMS ENGINEERING
METHODOLOGY & TOOLS

INTELLIGENT INTELLIGENT CUSTOMER
PRODUCTION SERVICE SUCCESS




SYSTEMS ENGINEERING REALIZE @

UNDERSTOOD DEPENDENCIES



SYSTEMS ENGINEERING GENERATE @ e

“The whole is more than the sum of its part.
The part is more than the fraction of the whole”



MEET THE CHALLENGE

MODEL BASED SYSTEMS ENGINEERING @ AVT:

“Model-based systems engineering (MBSE) is the
formalized application of modeling to support system
requirements, design, analysis, verification and validation
activities”--icose 2007

Think in System
Manage Complexity

Enable Re-Use

Communication platform for
multidisciplinary development teams



MEET THE CHALLENGE:
"SINGLE POINT OF TRUTH" MODEL

SOFTWARE

O

SCIENCE ANALYSIS

E

PROJEKT
MANAGEMENT

|7

POWER
PROPULSION
THERMAL...

Software

MANUFACTURING

View




MEET THE CHALLENGE:

GENERATE THE DOCUMENTS

System Description /
Specification, e.g.:

= Architecture
=  Component

= Functionality

= |nterfaces

= Info/Energy / Mat. Flow

= etc.

System Simulation

& Analysis

]

_PTC Integrity"
Lifecycle Manage

"4

Requirements, e.g.:

Interface to Control

e

o st s

SW Development

= =

o

| ‘ MATLAB
SIMULINK

V&V | Test

Specification

Management & Case J

&

ISO 26262

An

alysis, e.g.:
Concepts &
Target Setting
Interfaces
HRA / FMEA
Fault Tree

= etc.

= DSM

= Library

= Ontology
= etc.




MEET THE CHALLENGE
BY NEW ORGANISATION & PROCESS FORMS

ORGANISATION PROCESS
VEHICLE VEHICLE
REQUIREMENTS fullfills Customer
ENVIRONMENT pgly 4@ CUSTOMER expedtation

NEEDS NEEDS

SYSTEMS ENGINEERING USING

SYSTEM SYSTEM
DESIGN SYSTEM MODELS INTEGRATION

& VALIDATION

VEHICLE
TARGETS
& REQUIREMENTS

STRUCTURAL FUNCTIONAL
FOCUS FOCUS

HARDWARE SOFTWARE

DEVELOPMENT @ DEVELOPMENT

K INTEGRATION j
& CALIBRATION



SYSTEMS ENGINEERING V-PROCESS

Requirements Products

Software

Monitor >



SYSTEMS ENGINEERING V-PROCESS

1 Requirements

¥

Software

Monitor



1. CAPTURE CUSTOMER REQUIREMENTS .="

OHigh Comfort &/S,po;tjvé"h. s
OEnergy Efficient & Green™

UDrives FatalityFree ‘
LConnectedtofinternet of Everything
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3. MANAGE REQUIREMENTS
& DISTRIBUTE WORK PACKAGES
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4. SIMULATE SYSTEM BEHAVIOR
TO CHECK SYST

FULL VEHICLE MODEL

with environment
interaction & all
functionalities for
intelligent car (self-
driving)



5. REAL WORLD TESTING
OF FUNCTIONAL REQUIREMENTS N
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CLOSE THE V-CYCLE
IMPLEMENT LESSON LEARNED

P
customer ‘

. requiremem
~_7
ALM + MBSE

==
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Requirements Products

¥

Capture

-~

Analyse

Estimate

Specify

Domain-specific design

Rel
elease Electrical engineering
Information technology




THE VIRTUOUS INNOVATION CYCLE

CONTINUOUS FEEDBACK LOOP

L} Planning C%gggr?ﬁi%n Simulation Validation Production Service —

Functions I;rc;_ducat
def efine

priézit through BoM
PTC Intggl:.!ty’" e 1 PTC Integrity-Lifecycle Manager
Modeler- g Y ' PTC Windchill




TASK DRIVEN ANALYSIS OF
SEMANTIC KNOWLEDGE MODELS

Business query
,Fulfillment of
function”

s Existing products / systems

Need for adjustment due to
modified functlo

ortfollo
Management

Knowledge base

H}ﬁﬁ

existing product and production-related knowledge PDP for new or further development

in data management systems and databases FLmP K2 RESEARCH / AVL, BMW., VIF, IPEK, TU M



CLOSING THOUGHTS

Overcoming challenges:

- » Similar to CAD in the early
Acceptance across traditional teams 80’s. MBSE will change the
future of product
development!

Adoption of new roles & responsibilities
= Silo’d Thinking
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Dirk Denger
Head of

Synergetic Methods & Tool Development
dirk.denger@avl.com
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AVL POWERTRAIN WORLD APP
www.avl.com
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