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Outlines

o Introduction ςObjectives of the call
o JTI-FCH-2018-1-3
o Strengthening of the European supply chain for compressed 

storage systems for transport applications.

o Presentation of the THOR project
o The partners
o The goals
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Challenges of H2 Tanks
JTI-FCH-2018-1-3 - RIA

Strengthening of the European supply chain for compressed storage systems for transport 
applications:

o Tanks for H2 storage are key to enable the rollout of the fuel-cell mobility
o The 2013-01-3 call was launched to broaden the number of players to insure a quick take-off of the market

o THOR (Thermoplastic tank for Hydrogen Optimized & Recyclable) was built to respond to this point
o Instead of developing a well known type IV concept, the bet of the consortium was to prepare a Type V tank

(mono-material Carbon fiber reinforced composite).
o The challenge for the consortium was to well prepare the distribution of the H2 in compressed gaseous state, by 

applying a technology allowing very low pressure in the tank (even under-pressure)
o To facilitate the use of composite tanks for distribution without the risk of collapse 

o /ǳǊǊŜƴǘ ǘȅǇŜ L± ǇŜǊŦƻǊƳŀƴŎŜǎ ǿŜǊŜ ŜȄǇŜŎǘŜŘ όпрл ϵκƪƎ ƛƴ нлолΣ ōǳǊǎǘ ǇǊŜǎǎǳǊŜΣ ²ǘ ƻǾŜǊ рΦо ҈ύ
o Improved temperature range is also expected (-60 to 100 °C) for fast filling/emptying
o Safety aspect was also to be looked on.
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Challenges of H2 Tanks
JTI-FCH-2018-3-1 - RIA

The THOR project

o RIA on 36 + 9 months
o Start the 1st of January 2019

o Lƴƛǘƛŀƭ ōǳŘƎŜǘ Υ нΦур aϵ
o Budget was for a type IV tank

o COVESS was involved at the beginning of the project. 
o Was replaced by CETIM Nantes after the withdrawal of COVESS in M18

o COVID has delayed the project
o No face to face meeting since 2020 L, no exchange for tests or prototype preparation
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Challenges of H2 Tanks
JTI-FCH-2018-3-1 - RIA

The THOR consortium, industrial partners

o Faurecia, France - coordinator,.
o Industrialisation & mass production aspect

o Air Liquide, France
o End user for high pressure Hydrogen distribution 
o Expertise for the fuelling/defueling

o CETIM, France
o Process definition with laser Assisted Tape 

Winding 
o Modelling and prototyping of tanks

o CETIM Grand Est, France
o Recycling process

o RINA-CSM, Italy
o Testing facilities of tanks

The THOR consortium, Research partners

o SIRRIS, Belgium
o Modelling, winding definition and optimization

o NTNU
o Optical fiber instrumentation, data analysis

o CNRS ςPPRIME, France
o Thermomechanical modelling and material behaviour in fire
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Challenges of H2 Tanks
JTI-FCH-2018-3-1

Thanks for your attention



Material aspect
Work Package Leader: Faurecia 

Participants: CETIM, Sirris
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Outlines
Introduction ςObjectives

Product overview

Process overview

Material selection

Product

step 1: Barrdaytape PA11

ǎǘŜǇ нΥ {ǳǇǊŜƳ ǘŀǇŜ t!мн άƻŦŦ ǘƘŜ ǎƘŜƭŦέ

ǎǘŜǇ оΥ {ǳǇǊŜƳ ǘŀǇŜ t!мм άǎǇŜŎƛŦƛŎέ

Conclusions 
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Introduction ςObjectives
Design objectives

Develop a H2 composite pressure vessel:
Å With 63L water volume, 700b NWP
Å Monolithic structure (type V or 4.5) for transportation use case
Å Thermoplastic matrix for recyclability
Å Validate the Proof of Concept until pre homologabilityhydraulic + gas tests)

Because of Covesswithdrawal,  the project restarted at mid-term:
Å From almost scratch due to lack of data sharing by Covess
Å With CETIM as newcomer for manufacturing
Å With SIRRIS ςCETIM ςFaurecia as new Design lead
Å With only 50% time left and budget greatly reduced, and activities to restart

M1

7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9

2021 2022 (extension)2020

Project
termination

M18 M36

Ownership of Design and manufacturing:

Covess
withdrawal
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Product overview
Type IV CPV

Faurecia state-of-the-art type IV H2 CPV as reference:
Å Rotomolded liner with PA11 resin from Arkema
Å Carbon fiber Toray T700
Å Wet winding process with epoxy resin

Part 
number

Name

3441403 LINER

3898877
CARBON COMPOSITE ςCARBON 

FIBER & RESINE

3441402 BOSS

3953166 O-RING

3953167 BACK-UP RINGS

3908099 OUTLET PLUG

3908098 INLET VALVE ADAPTATOR

3955684 HIGH PRESSURE VALVE
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Process overview
Process change COVESS to CETIM

COVESS Ą tape winding with INFRARED heating

Process change COVESS to CETIM

CETIM Ą AFP (automated FiberPlacement) with laser
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Material selection
Product :

Specifications / Constrains of tapes:
Å Compatible with Faurecia liner
Å Compatible with CETIM Process
Å Quickly available in the market

Liner: rotomolded PA11 from Arkema
Ą unchanged

Support for sourcing: Arkema 
Ą Barrdaytape
Arkema PA11/Toray T700

7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9

2021 2022 (extension)2020

Organizational aspects 
between 

Cetim, Faurecia and Sirris

Project
termination

M18 M36

Covess
withdrawal

Tape selection
Tanks 

manufacturing
#1,2

Tank #3

Barrdaytape PA11
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Material selection
Step 1 - Barrdaytape PA11 :

Quality not suitable for LA (laser assisted) AFP
Å Tank #1: burst @738b<< 1575b
Å Tank #2: burst @350bafter ASR (thermal ageing)
Å Tank #3: not usable

Root causes:
Å Poor homogeneity Ą low mechanical behaviour
Å Dry tape surface Ą difficult to consolidate

Action:
Å Sourcing of another tape mandatory

7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9

2021 2022 (extension)2020

Organizational aspects 
between 

Cetim, Faurecia and Sirris

Project
termination

M18 M36

Covess
withdrawal

Tape selection
Tanks 

manufacturing
#1,2

Tank #3

Barrdaytape PA11
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Material selection
Step 2 -{ǳǇǊŜƳ ǘŀǇŜ t!мн άƻŦŦ ǘƘŜ ǎƘŜƭŦέ Υ

Tape already in the portfolio of Suprem
Specifications compatible with LA-AFP
Å Tank #4: burst @1466b< 1575b
Å Tank #5: burst @1477b< 1575b

Reasonable burst pressure achieved with Suprem PA12 tape.
Still, some remaining questions:
Å Validation plan (hydraulic + gas) not conducted
Å Not really a Type 4.5 tank, despite of the chemical compatibility PA12/PA11

Next steps:
Å THOR project extension to perform further tests
Å {ƻǳǊŎƛƴƎ ƻŦ άǎǇŜŎƛŦƛŎέ t!мм ǘŀǇŜ ŦǊƻƳ {ǳǇǊŜƳ

7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9

2021 2022 (extension)2020

M18 M36

Project
termination

Covess
withdrawal

Tape selection
Tanks 

manufacturing
#1,2

Tank #3

Barrdaytape PA11

Suprem tape PA12

Tape PA12 
delivery

Tank #4

Tank #5

Organizational aspects 
between 

Cetim, Faurecia and Sirris

Liner change

Liner Hyphone Liner THOR
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Material selection

Project extension:

9 months extension granted
Å Additional 6 tanks in PA12 produced
Å Hydraulic tests conducted
Å PA11 tape from Suprem sourced to produce Type 4.5 tanks
Å 4 tanks in PA11 produced

Step 3 -{ǳǇǊŜƳ ǘŀǇŜ t!мм άǎǇŜŎƛŦƛŎέ Υ

Specifications compatible with LA-AFP

7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9

2021 2022 (extension)2020

M18 M36

Covess
withdrawal

Tape selection
Tanks 

manufacturing
#1,2

Tank #3

Barrdaytape PA11

Tape PA12 
delivery

Tank #4

Tank #5

Organizational aspects 
between 

Cetim, Faurecia and Sirris

Suprem tape PA12

Project
Termination

(old)

Project
Termination

(new)

Suprem tape PA11

Tanks #6,7,8,9

Tanks #10,11

Tape PA11 
delivery

Tanks 
#12,13,14,15
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Conclusions

Initial objectives not achieved due to several unexpected events:
/h±9{{ ǿƛǘƘŘǊŀǿŀƭΣ /h±L5 ǇŀƴŘŜƳƛŎΣ ƭƻǿ ǉǳŀƭƛǘȅ ƳŀǘŜǊƛŀƭΧ

Material selection not well conducted, due to short remaining time and lower budget.

Main concerns:
Å Behaviour of PA11 composite at high temperature 85°C
Å Processability of PA11 as matrix for tapes to be used with LA-AFP

Take-aways:
Å Best in class TP tanks produced, with a burst pressure close to 1500b
Å Better understanding of LA-AFP limitations in CPV manufacturing and improvement directions for future material / Process



Design and modeling strategy 
Work Package Leader: Sirris 

Participants: CETIM, Faurecia
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Introduction ςObjectives
Product :

Type 4,5 63L composite pressure vessel 
for H2 storage 

Working Pressure : 700 bars
Test Pressure : 1575 bars (2,25 x SP)
Simulation Pressure : 1735 bars (1,10 x TP)

Design and modelling objectives

Provide a laminate sequence that 
Å Is based on TP composite material 
Å Can be manufactured with the tape welding technology available at CETIM
Å Satisfies with the product requirements in terms of performances and safety 

aspects (failure mode in cylinder)

7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9

2021 2022 (extension)2020

Organisational aspects 
between 

Cetim, Faurecia and Sirris

Design and modelling phase
Manufacturing and 
testing of the tanks Optimization phase

M18 M36 M45
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Numerical chain & Inputs for design 

Parameters involving the design phase of the laminate structure

Å Boss/Liner geometry (outer surface)
Å Tape geometry : width & thickness 
Å Material properties

Å Amount of layers + Sequence of angles
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Manufacturing guidelines of TP welding technology

Manufacturing guidelines based on Cetimexperience from previous/other projects

Å Laminate sequence in blocks 
Å Increasing angles per sub-blocks
Å Delta angle between 3° and 5 °

?



05/10/2022 22

STEP 1 : HyphoneLiner/Boss - Tape PA11/CF

Modulus E1 120000MPa

E2 5000MPa

E3 5000MPa

Strength in Fibre DirS11 1800MPa

Interlaminar shear S13/S23 60 MPa

Width 16,0mm

Thickness 0,260mm

PA11/CF Tape - Datasheet

              

After multiple iterations from a sequence proposed by Cetim




