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Moving forward on the roadmap
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specialized vehicles
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2018-2019

e Development of advanced battery and cell
models for thermal and electrical
performance and life cycles (BFH)

e Risk minimization of electric vehicle fires
in underground traffic infrastructure(EMPA)

e Medium Frequency Isolated DC-DC
Converter (ETHZ

* Demonstrator — Swiss E-Tractor Rigitrac
SKE 5o

* Development of a bidirectional wireless
charger forV2G integration (NTB, Schenk)
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Evaluation of State of Charge Estimator Algorithms for Lithium-lon
Batteries in terms of Accuracy and Robustness (BFH, D. Luder)

Test Setup for Train,
Test and Validation Set
Creation

Nitrogen Tempf(aturﬁ Chamber Cell Tester
Generator [~ Vitsch VT4004 PECCORP ALTO550 Server
ETH saL
Database

Temperature |
Sensor Box

l can |

Figure: Overview of the test setup for a single cell.
During measurement, all eight cells are placed in the
chamber and individually connected to the ACT0550.

Figure: Test setup eight cells inside
the Vétsch chamber
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Figure: Electrical equivalent circuit model of of the ESC cell model
with one RC element

Kalman Filter based SOC
Estimation
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Figure: Visualization of the Kalman Filter with the six steps [Plett, 2015, p. 106]
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Dynamometer
Drive Schedules

US06 profile: vehicle speed, 0.3% grade
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Validation of the Kalman
Filter based Approach
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(a) Possible error due to bad model
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(b) Possible build up of errors due to drift during
shallow cycles

Figure: Possible errors for SOC estimation algorithms
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Development of an offline State of Health Model for the SwissTrolley plus
based on experimental aging behavior (BfH, T. Schneider)

Determine impact on aging
for different temperature,
DoD and C-Rate

(Probability based ModeI\
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Risk minimization of electric vehicle fires
in underground traffic infrastructure (m. Held/EmMPA)

Research questions

° E&E{i s Technoony e To what extent do emissions from
electric vehicle fires in
O\ underground infrastructures lead

MRS AMSTEIN+WALTHERT  PROGRESS AG to contaminations that differ from
conventional vehicle fires?

e Are special measures required
for handling contaminated
components, technical equipment
and extinguishing water after
electric vehicle fires?

e Will this have a lasting impact on
the operation and safety of

ASTRA: Q2 2019 bis Q4 2020 underground infrastructures?
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Medium Frequency Isolated DC-DC Converter
Battery Storage Interface, Modular Design, Highly Compact (ETHZ, J. Biela)

V Applications

" Battery storage interface for traction applications
" Superchargers
" Marine applications

V¥V Specifications

. High isolation voltage up to 4.2kV

. High efficiency in full load range > 97%
= High power density > 6 kW/liter

= Very high ambient temperature 75°C

V¥V Exemplary Operating Waveforms
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V Topology

" Medium frequency SiC based Dual
Active Bridge converter

= Integrated leakage inductance
" Advanced cooling
system
Battery Voltage Range 518..835V

Nominal DC Link Voltage 2800V
System Power 183kW
System Power (peak) for 300s >234kW

V Prototype System
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. . Series
Secondary side .
connection

(DC link)

Parallel P
. Primary side
connection (Battery)

518...835V

L/
= 200kW Gy = 9R.7% f‘;% Y 2.?1%
Ambient Temperature 75°C
Cooling Medium Temperature 60°C

Maximum Dimensions 750x360%x200 mm

Maximum Weight 25 kg

Transformer terminals

Terminals of power
semiconductors

Cooling water
inlet/outlet

Auxiliary supply
boards

Transformer core

)
l|g structure
of the transformer

11.8cm

Qm

19.5cm

FPGA control board
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Demonstrator — Swiss E-Tractor Rigitrac SKE 5o

First tractor with all-
electric drive trains

A battery with 400 V and a
capacity of 80 kWh supplies
the vehicle with energy. The
battery is placed between
the two axles; therefore, the
tractor has a low center of
gravity, which improves its
off-road capability.

Traction Mode
Concept

Rated Power
Speed

Power take-off shaft
Concept

Rated Power

Speed

Swiss Competence Center for Energy Research

Efficient Technologies and Systems for Mobility

1 E-Motor per Axle
50 kw / 68 PS
0 - 40 km/h

1 E-Motor per Power Take-Off Axle
23 kKW
0 - 1000 U/min

RIGI ld TRAC

High-Voltage-Battery
Technologie

Capacity

Voltage Level

Hydraulic Device
Concept

Lifting Force (Front / Rear)
Pins (Front / Rear)

Lithium-lonen
80 kWh
400 V

Axial Piston Pump
1800 kg / 1600 kg
each 2 with floating position

Axles
Axle Front
Axle Rear
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H 7 NTB

. . Interstaatliche Hochschule
fiir Technik Buchs

FHO Fachhochschule Ostschweiz

In the year 2016 Rigitrac
decided to build up an
electric tractor, in order to
expand their range of
products in the near future.
Since know-how in the field
of high-voltage components
was missing, Rigitrac
attracted the EMS of NTB as
an experienced partner in the
field of vehicle electrification.

Swing Axle with 10° Swing Angle
Stiff

Differntial Lock (Front / Rear) LSD /100% mechanical

Cabin

Type

Heating

Air Conditioning

2-Person-Comfort Cabin
Heat Recovery from E-Components

Fully Automatic
I I
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Best Practice Designed by NTB
From Single Cell via Simulation to The Final Battery (NTB, M. Stock)

therm. characterisation . battery cell model & : design & optimization
by NTB cell-test-rig electr. therm. interconnection battery incl. thermal management
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Unique Selling Point of NTB:
* local experimental detection of surface temperature and transferred heat flux
=  simulation model derived out of this (incl. model-order-reduction)
= fast/agile adaption of the model to battery cell and cell chemistry

= efficient practice-oriented approach, speed-up 10? to 103
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Bidirectional Wireless Power Transfer System with Optimized Coil

Geometry and New Control Method (NTB, K. Schenk)

-

V2G Integration

Decentralized energy
storage

Grid stabilization

Expand renewable energy
usage

Save up to 15% on energy
costs

~

-

Optimized
Coupler Design

Double-D magnetic coupler
design

Small coupling variation for
all parking positions

Low magnetic stray field

Optimized ferrite usage to
save weight and cost

New Control
Method

Series-series compensation
method

Maintaining ZVS switching
for all parking positions and
battery SOC

Adjust full bridge phase shift
to further reduce
semiconductor losses

mmmmmmmm

Mechanical
Prototype

3.6kW transmitter and
receiver prototype was built

Battery voltage 330-440V

Meets standards: IEC 61980
and SAE J2954

Communication and charge
controlling is done by a
microcontroller
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Second Life Conference

2Nd

Life

TAGUNG

Organisation von:

okozentrum

forschen | entwickeln | bilden

@ Empa

Unterstiitzung durch:

Sehwaizerische Fidgenossenschaft
Confedération suisse
Cenfeseraziane svizzera

Confederaziun svizra

Eundecamt fir Energie EFE

12. SEPTEMBER 2019
ETH ZURICH

Second-Life
Anwendungen
von Fahrzeug-
batterien

Technik, Okologie, Okonomie

WWW.SECOND-LIFE-TAGUNG.CH

Energy
Science F

= CsSem
Fachhochschule
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K=E SBB CFFFFS

DONNERSTAG,
12. SEPTEMBER 2019

09:00

Begriissung &
Teil | - Okonomie

10:40
Teil Il - Technik

13:30
Teil Ill - Okologie

15:30
Podiumsdiskussion

Tummelfeld fiir Pilotprojekte oder
grosser Zukunftsmarkt?

Info & Anmeldung unter:

ETH ZURICH
HORSAAL ML E 12

Programm

Dr. Christian Schaffner, ETH Ziirich
Flexibilitat und Ver icherheit im Energiesy
welchen Beitrag kénnen SL-Stromspeicher liefern?

der Zukunft -

Dr. Tobias Schmidt, ETH Ziirich
Globale i fidr Lithium-I

fiigharkeit

Batterien - Bedarf, Kosten- .

Pawel Swoboda, BMZ
Second-life-ready technology
ical and regulatory ch;

in first life applications? Technological,

KAFFEEPAUSE

Marcel Held, EMPA
Second-Life-Stromspeicher aus Zellen der Postroller - Ergebnisse
detaillierter Zelluntersuchungen. .

Dr. Andreas Hutter, CSEM SA
SOH-Prognosen fiir SL-Zellen durch Messung und

stefan Bronnimann, BFH
Second-Life-Ready Batteriemanagementsysteme

NETWORKING LUNCH

Philippe Stolz, treeze
Second-Life Stromspeicher - wie sieht die Okobilanz aus und wo
liegen Optimierungspotenziale?

Dr. Gergd Rimaszéki
Ist effizientes Recycling die bessere ,Second-Life*-Losung?

Fabian Scherer
Nachhaltige Mebilitit - wohin geht die Reise?

KAFFEEPAUSE

Moderation: Dr. Andrea Vezzini

Noah Heynen, CEO Helion

Andreas Hutter, Experte Innosuisse, Section Head Energy Systems
Martin Kyburz, CEO Kyburz Switzerland

Christina Meier, Leiterin Nachhaltigkeit der SBB

www.second-life-tagung.ch
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e event

over 8o registrations

Organizing partners
CSEM and 6kozentrum

Sponsored by SBB and

SFOE
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