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Agenda A MAGNA

* 11:15-12:45 Uhr

— Begrufung und Vorstellung

— Uberblick MAGNA Powertrain Engineering Center Steyr
— Automotive Development Process
— Use-Cases

— Diskussion
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Trends driving the
volution of mobility
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Magna Powertrain
Product Groups and Services

TRANSMISSION © DRIVELINE
SYSTEMS SYSTEMS

METAL-FORMING
SOLUTIONS
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M MAGNA

Our combined product
groups and services
deliver highly efficient,
modular and scalable
powertrain solutions.



Key Figures

« Founded: 1995 (ECS) < 1864 (Steyr)
« Employees: 800

» Facility size (m?): 54.800

« Test circuit for on-and off-road testing

o Certificates

20.03.2023

EN ISO 45001: 2018
EN ISO 9001: 2015
IATF 16949

EN ISO 14001: 2015
TISAX: 2018
ISO/IEC 17025
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Location St. Valentin - History M MAGNA
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Area Overview M MAGNA

AN unz

® ECS
STEYR ST. VALENTIN X

SALZBURG

Proving Ground
Office Building
Production, Engine- &

Drivetrain Testing

Fatigue Lab

Chassis Dyno, Prototype Workshop
Environmental Test Center
eMobility Test Center
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Location St. Valentin - Portfolio A MAGNA
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Propulsion Engineering
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Mathworks supported Toolchain along V-cycle mmacna

20.03.2023
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A MAGNA
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Product Investigation / Specification AMAGNA

* Base vehicle(s) and vehicle use case definition for target Vehicle Targets Driving Cycle Library
market

* Vehicle specifications / targets and features
« Definition of worst/best case drive cycle scenarios
* Complete vehicle simulation for different variants (BEV,

FCEV, Hybrid, HV system / battery, H2 storage system) = |
* Powertrain and EE architecture / configuration incl. HV
system
System Architecture Drivetrain / Components Simulation: Vehicle + PT Specification
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Matlab/Simulink simulation model A MAGNA

Electric Machines
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Fuel Cell Control Strategy
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Fower request - Requested power:
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&2 * ’ D \ - * Upper optimum operating point
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X H s .
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SOC

M MAGNA

Relay Thresholds

Force FC off

Force FC minimum (10 %)

Toggle optimum points

Force FC 100 %
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Calibration services

Rapid Prototyping
workflow for Exhaust
Flap control

* Model and Control design

in MATLAB Simulink®

* RP-Hardware ES910.3
and ES930.1

* RP-Software INTECRIO

* Measurement &
Calibration INCA

20.03.2023

Model and Control design

A MAGNA

Rapid Prototyping System
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Calibration (HiL, test bench, vehic
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A MAGNA

Development

20.03.2023 © MPT Engineering / Disclosure or duplication without consent is prohibited



Software Tool Chain M MAGNA

INCA .
ETAS SW Flash & ' sw ENTERPRISE
VECTOR > Communication Architecture ARCHITECT

®_® ECU-TEST
- SIMULINK

dSPACE o=, JIE Y

' MATLAB

Debugging
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Function and Software Solutions

+ Key-Facts SW development .

—  Function- and SW solutions independent from
control unit supplier
. Integration on customer platform
. Third party hardware

—  Multiple development collaboration models
possible from prototype to serial software
. Complete ASW development and integration
. Function specific software block integration (object-code)

— Tailor-made software concepts with short time to
market

—  Development from single SW-modules up to
complete system functions

— State-of-the-art development processes and tool
landscape considering 1ISO26262

@S =

Specification of Testing ofthe
software safety embedded
requirements software

Software Software
architectural integration and
design verification
EE T3 Software unit

designand o
implementation icaor

Base component functions

— Basic functions

. Power provision and energy management
. Control of electric drive system
. Torque management
. Thermal management
. Component protection
. Control of electric HV auxiliaries
- Brake air compressor
- Steering pump
. Control of H2 system (FCEV, HSS)

— Comfort functions
. (Adaptive) Cruise Control
. Speed limiter
. Creeping
. Hill hold
. Traction control functions e.g. ASR

— Safety & monitoring functions
. HV system safety
. H, system safety
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M MAGNA

MATLAB
SIMULINK
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Calibration Support Environment (CSE)
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Fehlerpta
Ubersicht Goer dis Fenierkiassen und Ihre Becatung

Liste der Limiter e von Fenerpfaden gesetzt werden

Databased Cal. Tool

Data Analyses Magnificent Statistics Map Tool Failure Path Analyzer

» Databased simulation and
optimization tool

» Simulink interface for

e Customized data
handling

* Restrictions

* Fault path management
in accordance with the
applicable national law

* Operation point based
statistical evaluation
(Mean value, standard

» Map generation from
measurement data

+ Various fitting algorithmic

« Calculations deviation, min/max, function implementation procedures » P-code and SPN-code
* Batch jobs errc.)r..._) * Processing of multiple » Manual table checker
- Stationary detection * Validation and measurements manipulation * Inhibition matrix and error
« Dynamic detection ggtzuzmelissa;gicgztglee)t « Data locking for lookup * Interfaces for Excel and class calibration
» 8PP tables the Data Cal. Tool management

* Multiple graphical data

visualization
» Time plots
* XY plots
* Intersection plots

20.03.2023

* Optional visualization in
Concerto

* Interface with Map Tool
» Dataset export (*.DCM)

* Various calfitting methods

© MPT Engineering / Disclosure or duplication without consent is prohibited

» Documentation of the
fault path management


dct_use_v1.mp4
Mapping_Tool_v1.mp4
Data_Analyser_v2.mp4

Engine Calibration Services — Model-based

Calibration M MAGNA

Model-building & Validation

Measurements Testbed & Onroad

R
T el
NIy
e Bl
=g [ . _
‘—N[ATLAB
SIMULINK

Model-based Cali-
bration Workflow with

CSE (Calibration
Support Environment) l
Air-Path

Verification Tests Bench/Onroad NOX-Emissions Offline-Pre-calibration & Optimization
Soot
Heat-transfer & SRS | T e = ez e
. == temperature models r— o S
Re=0.96 ] Fofed, And more — =

y

|

— '.._M‘T-m._; i’a .J;HMN M
f

- | (; il Aw,_,.HWu H‘ |

AStio NOnCone
o b 8 8 8 B § B E

B0 1000 1200 1400 1600 1800 2000
ASMod NOxCore, ess.

20.03.2023 © MPT Engineering / Disclosure or duplication without consent is prohibited



A MAGNA

20.03.2023 © MPT Engineering / Disclosure or duplication without consent is prohibited



Methodology

A MAGNA

Measurement data

Measurement

Fleet data

RDE Trips

Testbed measurements

Chassis dyno
Q

High altitude and climate
b e e e e e e e e e - =

testbed
Engine dyno

Vehicle specification
*  Technical data
*  Vehicle data
*  Engine
+  Gearbox
*  Manual
*  Automatic
+  Driving dynamics
*  Thermalsystem
+  Exhaust aftertreatment
*  Vehicle type
*  Emission level

Worst Case Cylce Methodology

Simulation

I cse (Calibration Support Environment)
1 Efficient and automated identification of critical load points
such as NOx peaks and preparation of worst case events
Automated data + Driving dynamics
exchange . Kick down

|
1 . Acceleration
. Route profile
. Track

|
. Urban
. Motorway

N\

¥

o oo

@ Worst Case Szenarien

I HTC (Hybrid Tool Chain)

| Gesamtfahrzeugsimulation o
I f\\\

CHAIN
I - Conventional and hybrid vehicle simulation
1 RDE Simulation

. Creation of a large number of artificially ‘
| generated cycles D
1 . finite worst case cycle sections

. Assessment of the legal framework of the worst
| case cycle
1 . route allocation
1
|
|
|
1

HYBRID
TOOL

Vehicle data for
modeling the virtual
vehicle

. Environmental conditions

. dynamics

. Emission simulation using data-based models
(NOx, CO, HC, CO2)

Worst Case Cycle

Identification of
critical points and
assessment of
determined worst
case cycle

Worst Case Cycle

Vehicle specific

1 RDE compliant
1 Worst Case
Cycle

b= -

20.03.2023
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Mapping_Tool_v1.mp4

Event detection
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Virtual cycle generation

M MAGNA

EVENTS Cycle definition

Example based on RDE reference cycle

160 -

Boundary conditions
* Velocity profile 140 -
* Inclination ol
* Ambient temperature £
+ Elevation profile =10r
. U gf
U

EI 60 -
Systems 9
«  Thermalsystem ©
* Engine 20
* Exhaust Aftertreatment o ‘ ‘ ‘ ‘ |

0 1000 2000 3000 4000 5000

RDE compliant cycle Zyklus
Worst Case Zyklus

Time [s]

Overlay and variation of critical and real world
driving sequences

* speed

* dynamics

» elevation profile

+ temperature
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Engineering approach RDE optimization M MAGNA

: EVENTS RDE: Cycle generation and regulation compliance check

Library of

critical ‘ Features
events » Highly automated cycle analyzer Drivability check
» Library of critical real world driving events
* Event generator
« Disturbance generator
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Application Example RDE Cycle Methodology mmacna

Verification of simulation results — ROERouel
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Simulation results
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20.03.2023 © MPT Engineering / Disclosure or duplication without consent is prohibited



A MAGNA

20.03.2023 © MPT Engineering / Disclosure or duplication without consent is prohibited



OBD — Manager

Feature Overview

» High number of error paths and possible error responses -> High complexity

 Tool support processes to facilitate calibration

* Creation of overview tables

» Error management related dataset comparisons
* DINH viewer

— recommendations and automatic data export

ErrorCls (MIL relevant)
DisbIMsk (Error path active)

l DFC_1 l
Activation conditions

Limits
FIdI—A ] [ Fld_B Fld_C Debounce Time

‘ Emission relevant
[DF::_Z] [DFf_sl [DF(I:—A'] .[ D?g:zlon relevan

Automated validation of error class inheritance including application
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