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Moving forward on the roadmap

 2018-2019
• Development of advanced battery and cell 

models for thermal and electrical 
performance and life cycles (BFH)

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

• Medium Frequency Isolated DC-DC 
Converter (ETHZ

• Demonstrator  ‒ Swiss E-Tractor   Rigitrac
SKE 50

• Development of a bidirectional wireless 
charger for V2G integration (NTB, Schenk)
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Evaluation of State of Charge Estimator Algorithms for Lithium-Ion 
Batteries in terms of Accuracy and Robustness (BFH, D. Luder)

Test Setup for Train, 
Test and Validation Set 

Creation

Enhanced Self-Correcting 
(ESC) Cell Model

Dynamometer 
Drive Schedules

Results for all temperatures, 
drive cycles and SOHs

Validation of the Kalman 
Filter based Approach

Kalman Filter based SOC 
Estimation
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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 Model 
for life cycle (SoH)

Relation between 
Number of Cycles 

and DOD

From SOC trajectory of a bus 
ride  Sub-cycles (DOD) 
from Rainflow Counting

Results for different routes
of VBZ

p vs. C-Rate & Temperature

q vs. C-Rate & Temperature

Graphical User Interface
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Risk minimization of electric vehicle fires 
in underground traffic infrastructure (M. Held/EMPA)

ASTRA: Q2  2019 bis Q4 2020

Research questions

• To what extent do emissions from 
electric vehicle fires in 
underground infrastructures lead 
to contaminations that differ from 
conventional vehicle fires?

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

• Will this have a lasting impact on 
the operation and safety of 
underground infrastructures?
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Medium Frequency Isolated DC-DC Converter
Battery Storage Interface, Modular Design, Highly Compact (ETHZ, J. Biela)

▼ Exemplary Operating Waveforms

 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

▼ Prototype System

▼ Topology

 Test setup

Battery Voltage Range 518..835V

Nominal DC Link Voltage 2800V

System Power 183kW

System Power (peak) for 300s >234kW

▼ Specifications

 Medium frequency SiC based Dual 
Active Bridge converter

 Integrated leakage inductance
 Advanced cooling

system

Ambient Temperature 75°C

Cooling Medium Temperature 60°C

Maximum Dimensions 750x360x200 mm

Maximum Weight 25 kg

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

▼ Applications
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Demonstrator  ‒ Swiss E-Tractor   Rigitrac SKE 50

Axles
Concept 1 E-Motor per Axle Technologie Lithium-Ionen Axle Front Swing Axle with 10° Swing Angle
Rated Power 50 kW / 68 PS Capacity 80 kWh Axle Rear Stiff
Speed 0 - 40 km/h Voltage Level 400 V Differntial Lock (Front / Rear) LSD / 100% mechanical

Power take-off shaft Hydraulic Device Cabin
Concept 1 E-Motor per Power Take-Off Axle Concept Axial Piston Pump Type 2-Person-Comfort Cabin
Rated Power 23 kW Lifting Force (Front / Rear) 1800 kg / 1600 kg Heating Heat Recovery from E-Components
Speed 0 - 1000 U/min Pins (Front / Rear) each 2 with floating position Air Conditioning Fully Automatic

Traction Mode High-Voltage-Battery

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.

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.
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Best Practice Designed by NTB
From Single Cell via Simulation to The Final Battery (NTB, M. Stöck)

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   102 to  103

battery cell model & 
electr. therm. interconnection 

design & optimization
battery incl. thermal management

therm. characterisation
by NTB cell-test-rig



|| 17.09.2019 9SCCER Mobility

Bidirectional Wireless Power Transfer System with Optimized Coil 
Geometry and New Control Method (NTB, K. Schenk)

V2G Integration Optimized 
Coupler Design

New Control 
Method

Mechanical 
Prototype
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• Decentralized energy 
storage

• Grid stabilization
• Expand renewable energy 

usage
• Save up to 15% on energy 

costs

• Double-D magnetic coupler 
design

• Small coupling variation for 
all parking positions

• Low magnetic stray field
• Optimized ferrite usage to 

save weight and cost

• Series-series compensation 
method

• Maintaining ZVS switching 
for all parking positions and 
battery SOC

• Adjust full bridge phase shift 
to further reduce 
semiconductor losses

• 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

 1 week before the event 
over 80 registrations

 Organizing partners 
CSEM and ökozentrum

 Sponsored by SBB and 
SFOE
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