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FC Hybrid Vehicle System Component Development

� Coordinator : Daimler AG

� Total budget : 22.7 M€

� EC-Funding : 11.2 M€

� Partners: 28 (16 Industry, 2 SMEs, 4 Institutes, 5 Universities)

� Countries : 8 EC Member States and Switzerland

� Duration : 01.12.2005 – 30.11.2009
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IP-Partners
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Motivation, Objectives
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Project Goals

� Improvement of fuel cell system components for market readiness 

� Improvement of electric drive train components (Synergies FC and ICE-hybrids) 
for market readiness

� Optimisation of system architecture for low energy consumption, high 
performance, high durability and reliability

� Optimisation of energy management

� Development of low cost components for mass production

� Validation of component and system performance on FC Vehicles
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Project Targets

� Low cost automotive electrical turbochargers for air supply with high 
efficiency and high dynamics

� Low cost humidifiers with high packaging density

� Low cost hydrogen sensors for automotive use

� Effective low cost hydrogen supply line

� High efficient, high power density drive train

� Low cost high power Li-Ion batteries

� Enhanced FC-drive train efficiency
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Projektstructure HySys

FC System 
Components
(NCS)

Drive Train 
Components
(CRF)

SP 3000

SP 2000

SP 4000 System Level
(PSA)

SP 5000

� WP 3100 Air Supply (NCS) 

� WP 3200 Humidification (DAI)

� WP 3300 H2 sensors (PSA)

� WP 3400 Hydrogen Line (CRF)

• WP 4100 Electric drive w. 
stepup: Bench Test (CRF)

• WP 4200 Electric drive w. 
DC/AC+DC/DC integration (DC) 

• WP 4300 Battery Systems 
(Saft)

Vehicle validators: 
� WP 5100 Full FC Delivery Van 

(DC)

� WP 5200 Small Power FC  
Vehicle (PSA)

System integration aspects:
� WP 5300  FC hybrid performance

(AVL)

Project Management (DC) SP 1000

�������������	� ��� Requirements (AVL)

� WP 2100 Definition of system and vehicle requirements(Daimler) 

� WP 2200 Identification and analysis of synergies with ICE Hybrids (AVL)
� WP 2300 Codes, Standards and Safety (Renault)   
� WP 2400 Training activities (AVL)
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35%

N/A

0-80km/h < 21 s
0-100 km/h < 37 s

130 km/h @ grade 0%

> 300 km

<= 2.7 t / 3.5 t

30 – 50 kW, 2 kWh

One gear ratio

70 – 90 kW

70/100 kW

DAI Validator (Sprinter)

50 kW,  ca. 2.3 kW.hBatterie LiIon

One gear ratioGearbox

20 kWFuel Cell Power

40/70 kWMotor Power (cont/Peak)

0-50km/h < 7 s
0-100 km/h < 20 s

Acceleration

130 km/h @ grade 0%
90 km/h @ grade 0%

Vmax
Vmax continuous

20 %
> 80 km/h 

Climbing ability fully loaded
Vmax at ½ load on 4% slope

350 – 400 kmRange at ½ load

1.6 t / 2.2 tWeight empty/fully loaded

PSA ValidatorParameter

Definition of vehicle requirements
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Project Outline

� Final delivery: two different FC-hybrid delivery vans

� The project is carried out in close cooperation of car industry with supplier industry, 
supported by institutes and universities

� The project focuses on most important FC and electric propulsion system components

� Only these components are developed in the project, all other components are 
purchase parts or will be provided by other EU funded project

� The concept of the vehicle architecture and the drive train will be chosen by 
considering the application of as much as possible drive train components in FC-
hybrids as well as in ICE hybrids

� Synergies with ICE-hybrids and necessary actions are identified

� For the electric drive train components it is a goal to provide for the use in FC-hybrid 
vehicles as well in ICE-hybrid vehicles (hydrogen, gasoline, diesel and other alternative 
fuels, like biofuels)
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Requirements and Standardisation

FC system  component development

20102006 20092007 2008

Drive train component development

FC system integration and test

Drive train system integration and test

Vehicle integration FC system

Vehicle implementation and start up

Vehicle integration drive train

Vehicle/FC-system/component test

Start date:
01/12/2005

Project 
End:
30/11/2009

Time Plan
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Project Milestones

2006 2007 2008 2009 2010

Requirements 
and Standardisation

1st system & vehicle
requirements

FC – ICE HEV
Synergies

System Level

Fuel Cell System 
Decision DC validator

Fuel Cell System
Decision PSA validator

Packaging, operating strategy
& architecture (DC & PSA)

Vehicle Integration 
DC validator

Vehicle Integration 
PSA validator

(E-) Drive Train
Components

Battery
system

Power electronics 
& E-motor

E-drive system

Fuel Cell System 
Components Electrical Turbocharger

First Prototype
ETC 

Prototype
Humidifier

Hydrogen line
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HySYS: Fuel Cell System Components

Humidifier

Current Technology: 
Contact humidifier 

Innovative Technology:
Gas-to-gas humidifier

• high packaging density 
• high humidification efficiency
• low degradation tendency
• low cost materials
• easy production technology

Air supply 

Current Technology: 
Screw-Compressor

Innovative Technology: 
Electrical Turbocharger  

• High Efficiency
• Low Cost, volume& weight
• High Dynamic response
• Noise reduction
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HySYS: Fuel Cell System Components

Hydrogen Sensors

Current Technology: 
electrochemical sensors, semiconductor
sensors, catalytic bed sensor

Innovative Technology:
Palladium Nanostructure

• Low cost, weight&volume
• Fast response
• No calibration needed
• High gas selectivity
• Integrated design

Hydrogen supply line

Current Technology: 
standard H2 line with pressure regulator valves

Innovative Technology: 
Fully automated H2 line with 
Hydrogen Metering Device

• dual stage pressure reduction 
• fully automatic operation
• flexible regulating FC stack pressure   
• fail safe with failure recovery
• improved lifetime of FC system



30.09.2009 ECPE - HOPE Symposium Automotive Power Electronics, Dr. Jörg Wind,  Daimler AG 14

HySYS - Fuel Cell Hybrid Vehicle System Component Development

HySYS: E-Drive Components

E-Drive System

Current Technology: 
AC induction and PM brushless with low liquid
cooling temperature (55-60 °C) power electronics

Innovative Technology:
Buried PM synchronous and mixed motors
• e-motor: higher specific torque-power and efficiency
• power electronics: higher integration and cooling 
temperature (up to 90°C) 
• HV-HV DC/DC converter: modular solution with 
high power density

InverterE-motor

Battery System

Current Technology: Ni-MeH

Innovative Technology: Li-ion
• higher specific power: from 1.35 to 2 kW/kg
• higher specific energy: from 46 to 63 Wh/kg
• higher efficiency: from 85 to 95%
• improved lifetime: from 8 to 15 years

HySYS Battery ModuleHySYS Battery System
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HySYS: System Level, Validator Vehicles

Major steps
• Purchase and modification of fuel cell system: 

most FC components developed in SP3000 will
be integrated in an existing  NuCellSys FC-system

• Packaging of complete FC-drive train
• Adoption of operating strategy 
• Integration of E-drive components in the vehicle
• Integration of FC-system in vehicle
• Start operation of vehicle
• Validation of new components in vehicle
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Expected Final Results

� Expected final results.
� Low cost automotive electrical turbochargers for air supply with high efficiency 

and high dynamics
� Low cost humidifiers with high packaging density

� Low cost hydrogen sensors for automotive use

� Effective low cost hydrogen supply line
� High efficient, high power density drive train

� Low cost high power Li-Ion batteries

� Enhanced FC-drive train efficiency

� Two FC-vehicles to validate the achieved results and visualize the progress
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� Thank you for your attention! 
� http://www.hysys.eu


