FIT-4-AMANDA

Future European Fuel Cell Technology:
Fit for Automatic Manufacturing and Assembly

Dr. Martin Biak

Chemnitz University and Technology
15/06/2018

www.fit-4-amanda.eu

This project has received funding from the FCH JU and
European Union’s Horizon2020 research and innovation

1 5/06/20 1 8 programme under Grant Agreement no. 735606.



http://www.bluemining-project.eu/
http://www.bluemining-project.eu/
http://www.bluemining-project.eu/
http://www.bluemining-project.eu/
http://www.bluemining-project.eu/

Content Q

FIT-4-AMANDA

Introduction

Optimisation of Components

Design of Experimental Stack Assembling Machine
Quality Control

Summary and Outlook

29 9 9 9

Slide 2 Hydrogen Days 2018 2 @A I_ F i@; 15/06/2018

TECHNISCHE UNIVERSITAT o
CHEMNITZ Alternative Fahrzeugantriebe




Facts and Figures "@"

FIT-4a-AMANDA

9

Full name: Future European Fuel Cell Technology: Fit for Automatic
Manufacturing and Assembly

Acronym: Fit-4-AMandA
Start date: 1 March 2017
Duration: 36 months
Total budget: €2,999,185
EC funding: €2,999,185

2 %9 9 9

9

Slide 3 Hydrogen Days 2018 HE @A I_ F @f 15/06/2018

TECHNISCHE UNIVERSITAT
CHEMNITZ Alternative Fahrzeugantriebe




Motivation -

FIT-4a-AMANDA

Most manufacturers of fuel cell stacks are still assembling stacks manually
Automation of the stacking process is necessary to achieve higher yields
Non-destructive quality assurance (NDT-QA) test methods need to be
accelerated accordingly
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Objectives Q

FIT-4-AMANDA

Establish the technological roadmap to scale up from less than hundred
stacks/year to 50,000 stacks/year in 2020 and beyond

Redesign (adaptation) of current MEA and stack design to optimise the
designs for manufacturability

Development of an alternative concept to graphitic BPP based on a metallic
BPP technology

Development of fast inline NDT-QA test methods for automated production of
MEAs and stack assembly

Design and development of an automated processing unit/system for the
manufacturing of key/critical stack components, i.e. MEAs

Development, manufacturing and testing of technology and machine system
for the automatic assembly of PEMFC stacks

Validation of the developed designs, hardware, tools and software for the
automated production of MEAs and automated stack assembly and the fast
inline NDT-QA test methods

Integration and field testing using prototype stacks manufactured by the
automated processes into a light commercial vehicle provided by UPS

Slide 5

Hydrogen Days 2018 2 @A I_ F %@; 15/06/2018

TECHNISCHE UNIVERSITAT
CHEMNITZ Alternative Fahrzeugantriebe




Consortium

Uniresearch BV
The Netherlands
WWW.uniresearch.com

Proton Motor Fuel Cell GmbH
Germany
Www.proton-motor.com

EWII Fuel Cells A/S
Denmark
WWW.Eewii.com

USK Karl Utz Sondermaschinen
GmbH

Germany

WWW.usk-utz.de
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FIT-4-AMANDA

Fraunhofer - Institut fur
Werkzeugmaschinen und
Umformtechnik IWU
Germany
www.iwu.fraunhofer.de

Technische Universitat Chemnitz
Germany
www.tu-chemnitz.de

United Parcel Service
Belgium
WWW.UPS.com
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Concept and Approach

|dentification of critical components

and processes in stack and stack-

component production lines

MEA, BPP

Re-design of current stack and
stack components to optimise

manufacturability

Stack manufacturing & testing

Y l 13 Definition of a roadmap for step-
|E|tlrl wise development and automation

of manufacturing technologies for

Automated assembly process PEMFC stack and stack components

[new products / equipment / infrastructure|

Integration of established automotive

industry best practices on production

and quality to the manufacturing of

PEMFC stack and stack components

Automotive applications [end-users / market uptake)

FIT-4-AMANDA

Slide 7 Hydrogen Days 2018 E @A l F

TECHNISCHE UNIVERSITAT
CHEMNITZ Alternative Fahrzeugantriebe

9

iz

15/06/2018



BPP Optimisation

FIT-4a-AMANDA

Source: Proton Motor
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Footprint of BPPs revised to ensure easier machine handling
Implementation of additional alignment features

Flow field structures optimised for reducing of pressure loss and enhancement
of electrical conductivity while showing an equal or slightly better thermal
behaviour
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FAST-GDL Optimisation e
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=

Source: Proton Motor

< Standard FAST-GDLs (Flip And Seal Technology Gas Diffusion Layer) are not
suitable for a mass manufacturing machine

< FAST-GDL concept was revised for better automated handling
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Bonded BPPs

3-point compression test results of bonded and non-bonded material
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< Motivation: elimination of one step of the manufacture + QA secured by the
supplier of BPPs
< Cured bonding layer is very thin (~20 um)
< Composite with two BPPs bonded in only 10 % of the area has bending
strength comparable to that of bulk material
< Electrical conductivity affected minimally (compared to bulk material)
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Experimental stacking machine ilwg
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Source: USK
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Component supply and MEA Assembly

FIT-4-AMANDA

Source: USK
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FC Stack Assembly
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Source: USK
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Pressing and Tensioning
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Source: USK
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Sealing Quality Control

FIT-4-AMANDA

Source: TUC

< In-process or post-process QC of sealings in the stack
< Methods optimised for measuring time - maximum throughput
< 3D profilers should provide fast 100-% inspection
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Alignment Control

FIT-4-AMANDA

Alignment GDLs in contact
of MEA layers short circuit

Source: TUC

<= MEAs might deform during transport and manipulation

< Misalignment of layers could cause a short circuit > detection of component’s
position using machine-vision systems

< Alignment of the whole stack controlled by an alignment contour and straight
guiding rails over the entire height of the stack
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Summary and Outlook

FIT-4-AMANDA

February 2020,
1.3.2017 16.3.2017 February 2018 August 2018 Juni 2019 August 2019 September 2019 project end
o —— o S\ o o o
Project Kick-Off Specifications Bipolar-plate Redesigned stack  Process and quality Suite of validated inline First mass
start Meeting and technical design verified prototype meeting  capable fuel cell stack  test methods ready to be manufactured
requirements new specifications manufacturing in implemented into the fuel cell stack
defined target cycle time stack assembly machine fully integrated
and quality into atest vehicle
=

Components (GDL and BPP) optimised for automated manufacturing
Process to bond BPPs developed

Experimental fuel cell and stack assembling machine system designed and
currently being built

Fast NDT-QC methods selected and currently being optimised
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Summary and Outlook "o.‘

FIT-4a-AMANDA

February 2020,
1.3.2017 16.3.2017 February 2018 August 2018 Juni 2019 August 2019 September 2019 project end
o —\—o o ‘§) o o o
Project Kick-Off Specifications Bipolar-plate Redesigned stack  Process and quality Suite of validated inline First mass
start Meeting and technical design verified prototype meeting  capable fuel cell stack  test methods ready to be manufactured
requirements new specifications manufacturing in implemented into the fuel cell stack
defined target cycle time stack assembly machine fully integrated
and quality into atest vehicle

August 2018 — D3.2 BPP design for
moulding verified

August 2018 — D4.4 Experimental
machine system

August 2018 — MS3 Bipolar-plate

design verified

August 2018 — Midterm review
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Contacts e
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< Project Coordinator: Uniresearch BV
Dr. Anna Molinari
a.Molinari@uniresearch.com

< Technical Coordinator: Proton Motor
Dr. Mathias Reum
m.reum@proton-motor.de

< Project Manager: Uniresearch BV
Dr. Anish Patil
a.patil@uniresearch.com

Worldwide Services
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Thank you for your attention

www.fit-4-amanda.eu

Industry/SMEs
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