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m Karlsruhe Institute of Technology (KIT)
1 IPEK - Institute of Product Engineering
B FAST - Institute of Automotive System Technology
m IFKM - Institute for Piston Machines
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m |E - Institute of Electrochemistry
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Automotive Engineering

m University of Stuttgart

B IEW - Institute of Electrical Energy Conversion

m Esslingen University of Applied Sciences
m Faculty of Information Technology

m Aalen University of Applied Sciences
B IMFAA — Materials Research Institute
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BW

Introduction XIL

Labornetzwerk Baden-Wiirttemberg

m Rule of Ten: The later an error is

Costs

detected and corrected, the more Y O —
expensive it is!
Change after SOP
m Therefore error detection has to be: 1%
m Early as possible Change before SOP
m Conducted with reasonable effort and R Change of concept | " —
qu al ity ool — Change of drawing
m With the right quality at the right time == —

IPEK X-in-the-Loop-Approach to support

early, continuous and holistic validation

09.10.2017 Prof. Albers — Laboratory Network Baden-W(rttemberg for Electric Mobility
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-Approach

IPEK-Xi

Labornetzwerk Baden-Wiirttemberg
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Motivation

m Changes and challenges in automotive development
Consolidation of modularization and modular strategies
Increased usage of electric components in drive trains
E-mobility, Connected Car and ADAS

New key competences in the automotive industry
(e.g. battery technology)

m Increased and closer interdisciplinary cooperation
m Better utilization of testing infrastructure

Automotive product development

will become more distributed and
has to be more connected in the future!

BW

XiL

Labornetzwerk Baden-Wiirttemberg

09.10.2017 Prof. Albers — Laboratory Network Baden-W(rttemberg for Electric Mobility
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Laboratory Network BW for Electric Mobility XiL

Labornetzwerk Baden-Wiirttemberg

Increase the competitiveness of the research facilities in BW by cooperative

and cross-site interdisciplinary research in the field of electric mobility.

m Organizational integration
m Structures for conducting collaborative research work
m Central contact persons
m Legal framework
m Technical integration
m Online network of test beds
m Offline sharing of simulation models

m Transfer to industry

09.10.2017 Prof. Albers — Laboratory Network Baden-Wrttemberg for Electric Mobility



Holistic Networking in XiL-BW-e

m System testing network
- Overall interactions of Researcher
single components of a
vehicle

m Battery analysis network
- Battery cell as a key
component for electric
mobility

Expertise

Models

Solutions have to be
accessible for researches

Infrastructure-
coupling

and platform-independent
(esp. infrastructure coupling)

09.10.2017 Prof. Albers — Laboratory Network Baden-Wrttemberg for Electric Mobility

XiL

BW

Labornetzwerk Baden-Wiirttemberg

(

Exchange of
Researcher
Contact person for specific

topics (experts) )

Exchange of
Expertise

Exchange and joint research

J
'

Exchange of
Models
Offline up to co-simulation

J
Coupling of
Infrastructure

Provision up to real-time coupling



Technical Concept

Objective: Connect
specialized test beds
for different
components

Location 1
XiL-BW-e Network

Virtual Private
Network using the
existing internet
infrastructure

State-of-the-art level of
privacy by encrypting
all traffic

Location 1
LAN/Intranet

09.10.2017 Prof. Albers — Laboratory Network Baden-W(rttemberg for Electric Mobility

. Virtual Laboratory

Internet

XiL |~

Labornetzwerk Baden-Wiirttemberg

Location 2 kY
XiL-BW-e Network

Location 3
XiL-BW-e Network

Connection
device

a& Location 3

EP: End Point
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Technical Concept: Virtual Laboratory

m Network between Ulm and

Esslingen

m Every day within a week
m Every hour within a day

I T

Average RTT 3,25 ms

Minimal RTT 2,14 ms

Maximum RTT 21,65 ms

RTT <10 ms 99,6718 %

RTT <5 ms 96,3693 %
09.10.2017
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Montag
3.07ms
3.07ms
3.05ms
3.06 ms
3.08 ms
3.06 ms
3.07 ms
3.06 ms
3.07 ms
3.06 ms
3.09 ms
3.07 ms
3.06 ms
3.09ms
3.06 ms

3p =

XiL |~

Labornetzwerk Baden-Wiirttemberg

Average round-trip-time (RTT)

Dienstag
3.07ms
3.07 ms
3.07 ms
3.06 ms
3.07ms
3.07 ms
3.07 ms
3.13ms
3.08 ms
3.08 ms
313 ms
3.07 ms
310 ms
3.09 ms
3.07 ms
3.00 m-

Mittwoch
3.08ms
3.07ms
3.07 ms
3.06 ms
3.06 ms
3.07ms
3.07 ms
3.08 ms
3.09ms
3.09ms
3.07ms
3.12ms
3.09ms
3.10ms
3.12ms

g

Donnerstag
3.07ms
3.06 ms
3.07 ms
3.07 ms
3.06 ms
3.08 ms
3.08 ms
3.08 ms
3.09ms
3.08ms
3.08 ms
3.10 ms
3.07 ms
3.07 ms
3.08 ms
3.00~

Freitag
3.08 ms
3.06 ms
3.09 ms
3.08 ms
3.07ms
3.08 ms
3.07 ms
3.07 ms
3.13ms
3.08ms
3.08 ms
317 ms
3.09 ms
3.07ms
3.08 ms
3.07 ms



"I |BW
Technical Concept: Application Layer XWIL
® Requirement: Applicable on every test bed e “|$
m Master-slave architecture for joint test runs == '_— fdo
m Standardized state machine available e || T TEL
m |[P/UDP-based communication and safety protocols = -

m First frames reserved for control and protocol data
m Payload frames are defined specific for every test bed
m Payload signal table defines the possible payload
m Log and save measurement data for post processing

m Exchange signals are logged at the master testbed

B Other measurement data are shared on a data server for
post-processing

m Video transmission of test beds within the VPN.

11 09.10.2017 Prof. Albers — Laboratory Network Baden-Wrttemberg for Electric Mobility
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Hybrid Vehicle as Demonstration System XiL

Labornetzwerk Baden-Wiirttemberg

m Method for Planning: Spatial location and model domain of subsystems
KIT - IPEK UniS - IEW UniS - IVK UniU - MRM

1
1
_ ) 1 _
Environment J I_II Driver Q&' ﬁ“j
: |
L
1

[ Rest-Vehicle e
‘ (XeCSU) enic e@ .

Create a common
understanding of the
systemic state of
distribution!

Traction

(_:—,U Battery
= 1
= Power @& 1 | Internal ‘

Coupling & Power pres : Combustion @

Electronics Mz | Engine ‘
E-Motor iw X .
| [Emoor |_____ ] Emotor, |, ————— . I T Define exchange
-M- -M- S . o
| == T signals according to
(0] ~
é [Wheels @]—[ Shafts } payload table
2
(mech.) @
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Screenvideo at Master Test Bed (UmS IEW) XiL

Labornetzwerk Baden-Wiirttemberg
m-n = . Cefmbskm Project:« nn‘nuuwwmmmm@hw ILayoutt*] — o — v Z
: m 80E smo e - Downscaled vehicle
Control ETE | | S mass in the form of a
variables S rotational inertia
2. |0~
Runtime m ms
161l ?‘43%

o
=il
State IVK |, AT

State MRM ’ RIT W

States of slave

test beds @ o
State IPEK |, "reX
°V' ‘_ TOIPEK

represents
torque from
gearbox

\t
N

Torsion ! output

Round-trip-time

to slave test
beds

4519
[¥] ement Data Pool | B Platfome/Devices roreter | D1
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Exemplary Results

Demonstration System

Labornetzwerk Baden-Wiirttemberg
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BW

Summary and Outlook XiL

Labornetzwerk Baden-Wiirttemberg

m XiL-Approach for distributed validation environment implemented
Strong network for testing and research in the area of electric vehicles

Organizational, legal and technical framework for testing and research of
components based on real loads in the specific use cases

m Better utilization of existing testing infrastructure

m New research possibilities:
Battery aging

Operation strategies
Real-driving emissions
Powertrain topology optimization

...even before complete vehicle prototypes
are built!

15 09.10.2017 Prof. Albers — Laboratory Network Baden-Wrttemberg for Electric Mobility



Contact XI |_ e

Labornetzwerk Baden-Wiirttemberg

. BW
Prof. Albert Albers XlL‘ Wi B0 U

Labometzwerk Baden-Wurttemberg Labornetzwerk Baden-Wiirttemberg fiir Elektromobilitat (XiL-BW-e)

Head of IPEK =

Idee des Labornetzwerkes

P h one: +49 721 608 42 3 71 T — Willkommen beim Labornetzwerk XiL-BW-e
Sekretariat@ I pek. kit. ed u Vernetzungskonzept In XiL-BW-e schlieBen sich gezielt Forschungsstellen in Baden-Wiirttemberg — das Karlsrt

Partner fr Technologie (KIT), die Universitdt Ulm, die Universitét Stuttgart, die HS Aalen und die
Esslingen - zu einem neuartigen Forschungs- und Laborverbund zusammen. Expertisen u
Offentlichkeitsarbeit Infrastrukturen zum Thema Elektromobilitat wurden daftir mit einem ganzheitlichen Ansa
sodass Wissenschaftlerinnen und Wissenschaftler diese auch von anderen Standorten aus
kénnen. Das gesamte Labornetzwerk, an dem derzeit (iber 30 Forscher beteiligt sind, bes

Dr M att h i aS B eh ren dt Bestandteilen - dem Systemerprobungsnetzwerk und dem Batterieanalysenetzwerk.

Chief Engineer IPEK &‘(lT
[=]:

Universita

[=]

Phone: +49 721 608 46470
matthias.behrendt@ipek.kit.edu [Hochschule Esslingen

University of Applied Sciences

Save the Date
o Opening Ceremony

285 17.10.2017
Baden-Wiirttemberg T for more infomation V4
MINISTERIUM FUR WISSENSCHAFT, Unlverslty Stuttgart r Xil_bW_e de

FORSCHUNG UND KUNST
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BACKUP: Payload Signal Table for Demo
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26

27

28

29
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Kategorie

186kW E-Maschine

E-Maschine

VEM/Modell

Gesamtbatterie

09.10.2017

~ |Standort - |Priifstand ~ |Kurzbe;chreibung

4 |Fahrer, Motormanagement, E-Maschine UniS-1EV

UniS-IEW
UniS-IEW
Unis-1IEW
UniS-IEW
UniS-IEW
UniS-IEW
UniS-IEW
Unis-IEW
Unis-IEW
UniS-IEW
Unis-IEW
Unis-IEW
Unis-1IEW
UniS-IEW
Unis-IVK
Unis-Ivic
Unis-IVK
UnilU-MRM
Unil-MRM
UnilU-MRM
KIT-IPEK
KIT-IPEK
KIT-1PEK
KIT-IPEK
KIT-IPEK
KIT-IPEK
KIT-IPEK
KIT-IPEK

E-Maschine
E-Maschine
E-Maschine
E-Maschine
E-Maschine
E-Maschine
E-Maschine
E-Maschine
E-Maschine
E-Maschine
E-Maschine
E-Maschine
E-Maschine
E-Maschine
GMP

GMP

GMP

BZP

BZP

BZP
MiniHiL
MiniHiL
MiniHIL
MiniHiL

MiniHiL
MiniHiL

Istgeschwindigkeit Fahrzeug
Istdrehzahl Eingang Kupplung
Istdrehzahl Eingang Getriebe
Istmoment Ausgang VKM
Batteriespannung

S0C batterie

Sollstrom Batterie
Sollmoment VKM

Istdrehzahl Eingang Kupplung
Gang

Schaltvorgang

Istmoment Ausgang VEM
Bremsmoment

Istmoment E-Maschine

Verbrennungs-Motoren-Priifstand bzw.

simulink-Modell einer VKM
Istmoment Ausgang VKM
Sollstrom Batterie
Batteriespannung

SOC batterie

Schaltvorgang

Gang

Istmoment Ausgang VKM
Bremsmoment

Istmoment E-Maschine
Istgeschwindigkeit Fahrzeug
Istdrehzahl Eingang Kupplung
Istdrehzahl Eingang Getriebe

- |Signale

n_K_ist
n_ist_Antrieb
M_ist_VEM
U_ist_Batt
SOC_Batt
I_soll
M_soll_VEM
n_K_ist
Gang_soll
Schaltvorgang
M_ist_VEM
M_brems
M_ist_EM
n_ist_K
W_soll_vKM
M_ist_VEM
I_soll_Batt
U_ist_Batt
S0C_Batt
Schaltvorgang
Gang_soll
M_ist_VEM
M_brems
M_ist_EM
v_ist

n_ist_K
n_ist_Antrieb

~ |Richtung| = |ProviderlP  ~ |ProviderPort ~ [SignallD - |RecievelP - |RecievePort ~ |Format v|Ei

Input
Input
Input
Input
Input
Input
Output
Output
Output
Output
Output
Output
Output
Output
Input
Input
Output
Input
Output
Output
Input
Input
Input
Input
Input
Output
Output
Output
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17216111
17216111
172.16.11.1
172.16.7.2

1721655

1721655

17216611
17216611
17216611
172.16.61.1
17216611
17216611
172.16.61.1
17216611
17216611
172.16.61.1
172.16.7.2

17216611
1721655

1721655

17216611
17216611
17216611
17216611
172.16.61.1
172.16.11.1
17216111
17216111

5094
5094
9094
9020
9020
9020
9090
G092
G092
Q094
G094
G094
Q094
G094
9092
9092
9092
9090
9090
9090
G094
G094
Q094
G094
G094
Q094
G094
G094

L N O T T T T T S T e S S N B Sy Sy R TV

17216611
17216611
172.16.61.1
17216611
17216611
17216611
1721655

1721672

1721672

17216111
17216111
17216111
17216111
17216111
1721672

172.16.7.2

17216611
1721655

1721655

1721655

17216111
17216111
17216111
17216111
17216111
172.16.61.1
17216611
17216611

nheit v|

9095 double km/h
9095 double 1/min
9095 double 1/min
9093 double 1/min
9091 double W
9091 double %
9091 double A
9093 double Nm
9093 double 1/min
9085 uint8 =
9095 uint8 =
9095 double Nm
9095 double Nm
9095 double Nm
9093 double 1/min
9093 double Nm
9093 double Nm
9091 double A
9091 double v
9091 double %
9095 uintd =
9095 uintd =
9095 double Nm
9095 double Nm
9095 double Nm
9095 double km/h
9095 double 1/min
9095 double 1/min



