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Thermo stampingWelding

Deconsolidation

[Shi et al. 15]
GF/PEI resistance welding

[Donnadei et al. 18]
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Residual stressesMoisture

State of the art hypothesis

[Slange et al. 18] [Donadei et al 18]
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Motivation

Understand and quantify
deconsolidation

Need for characterization tools
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Deconsolidation BenchesMaterial

Microstructural in-
situ analysis

Macroscopic
parametric study

MoistureManufacturing
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Outlines



Consolidation

Laminate manufacturing

• Oven - VBO

Material

CF/PEKK (Toray Composites)
348 x 348 mm2 x 2.90 mm
16 plies stack, UD, CP, QI

• Press (40 bar)  - HP
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situ analysis
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Moisture sorption/desorption bench
Weighing scale

Samples

Marble table

Salt solution container

Sample holder

Oven
Natural

convection

Characteristics

Max temperature: 330°C
Max sample weight: 36 g
Max sample size: 150 mm x 150 mm

[Amedewovo et al. Comp part B 23]
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• Environment: Air

• Samples: UD-HP

• Size: 80 mm x 80 mm x 2.90 mm 

• Preconditioning: ambient 
conditions for 5 months

Test conditions180°C140°C

200°C
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Analytical solution [1]

D is independent of the concentration C

M∞
D

300°C

250°C

Water molecules storage 
in composites [1]

Weakly bonded 
water

Strongly
bonded water

Ea = 62760 J/molEa = 41840 J/mol

Ea: activation energy in desorption

Hypothesis
∂C1
∂t +

∂C2
∂t =D1

∂2C1
∂2x

+D2
∂2C2
∂2x

Dual stage model

Dual stage fit

D1

D2

T(°C) D1 (m2/s) D2 (m2/s)
140 1.45 × 10-11 0
180 3.25 × 10-11 0
200 6.39 × 10-11 0
250 1.75 × 10-10 1.99 × 10-12

300 6.60 × 10-10 4.93 × 10-12

Thermal diffusivity α at 300°C:
2.6×10-7 m2/s α/D1 ≈ 400

180°C for 72 h

[Amedewovo et al. Comp part B 23]
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Preconditionning

• Ambient storage
(for 5 months à 0.02 % H2O)

• Water immersed

• Dried 180°C

• Annealed 250°C

• Rehumidified

[Amedewovo et al, ICCM Belfast 23, comp part A 24]
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Deconsolidation cycle
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Deconsolidation BenchesMaterial

Microstructural in-
situ analysis

Macroscopic
parametric study

MoistureManufacturing



In situ Tomography Observation
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Support

3
1

0
 m

m

150 mm

Compressed 
air inletSlip ring

Pneumatic 

actuator

Thermal 
insulator

Hot platen

Confining tube 
(Aluminum)

Aluminum 
tube

Sample

Characteristics

• Max temperature: 450°C
• Max heating rate: 2°C/s
• Max pressure: 1.2 MPa
• Max sample diameter: 20 mm



In the synchrotron

X-ray source

Detector

rotating stage

X-ray beam

ID 19 - ESRF Grenoble



Microscopic observation
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Microscopic observation
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Microscopic observation
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Microscopic observation
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Microscopic observation

21



Deconsolidation BenchesMaterial

Microstructural in-
situ analysis

Macroscopic
parametric study

MoistureManufacturing
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Continuous in-
situ COmposite

DEConsolidation

CODEC bench
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(125x25)

Up to 450°C
Up to 10 bars
Up to 60°C/min

[Amedewovo et al. Comp part A 23]
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Initial laminate Deconsolidation

Process Layup Conditionning Counterpressure Heating rate

HP
VBO

UD
CP
QI

Dried
Annealead
Ambient 
storage

Immersed

No pressure
1 bar
3 bar
5 bar

5◦ C/min
10◦ C/min
60◦ C/min

200 tests
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Deconsolidation graph
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Deconsolidation critical 
temperature TD

Max deconsolidation 
strain

Press consolidated, 
Dried, no pressure, 
10°C/min

(1) Thermal expansion

(4) Shrinkage

(2) Critical deconsolidation

(3) Splitting
Post-mortem 
strain



(Dried @ 250°C +
immersed)
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Moisture and residual stress

M
a

x
  
ε D

Dried @ 
250°C

Ambient 
storage Immersed

Rehumidified

0.01% H20 0.2% H20

Stress 
relaxation

0.2% H20

UD, HP

Heating rate =10°C/min

No counter pressure



Effect of Moisture
=

Moisture makes
deconsolidation happen
sooner (colder)

27

280

290

300

310

320

330

340

350

Anhealed 3h
@250°C

Dried 72h
@180°C

Ambient
storage

Water
immersed

Tf

UD, HP

Heating rate =10°C/min

No counter pressure

De
co

ns
ol

id
at

io
n

te
m

pe
ra

tu
re

(°
C)



Hot press vs VBO
Annealed (AN) - 3h@250°C
Dried (DS) - 72h@180°C

Ambient storage (AS) 0.01 wt. %H2O

Water Immersed (WI) 0.2 wt. %H2O

Lower residual 
stress in VBO 

samples

Same observation 

in CP samples

M
a

x
 ε D
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Conclusions
Thermoplastic laminates

deconsolidation
characterization tools were

developped

Phenomenological results

Preconditionning reduces
catastrophic deconsolidation

Moisture makes
deconsolidation happen sooner

Deconso HP  > Deconso VBO
whatever the layup
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Perspectives
Passenger rail and air transport in Europe

12 Transport and environment report 2020 — Train or plane?

2.2 Passenger rail transport in Europe

Passenger-km by HSR (the total of domestic and 
international travel) in the EU-27 has grown by 
283 %	since	1995	and	by	114 %	since	2000,	with	
the highest growth rates in the period up to 2001. 
Rail passenger-km travelled via HSR rose from 
about 33 billion passenger-km in 1995 to 126 billion 
passenger-km in 2018 (Figure 2.1). Rail travel in 
total	grew	at	a	slower	pace	(by	30 %	between	1995	
and 2018). This entails an increasing share of HSR 
in	rail	travel:	from	17.3 %	in	2000	to	31 %	in	2018	
(EC, 2020b). Currently, the demand for rail travel 
is strongly reduced as a result of the COVID-19 
pandemic. The longer term effects are still unclear.

In 2018, international rail passengers represented 
less	than	8 %	of	the	total	rail	passengers	for	all	
EU-27 countries except Luxembourg, where they 

Figure 2.1 Passenger-km travelled by rail and air, EU-27, 1995-2018

Source: EEA elaboration based on EC (2020b).
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represented	26 %	(Eurostat,	2019).	According	to	a	
Eurobarometer	survey	(EC,	2018)	about	78 %	of	the	
respondents in the EU (excluding Cyprus and Malta) 
never take the train for international trips (ranging 
between	47 %	for	Austria	and	92 %	for	Lithuania)	
(Figure	2.2).	About	17 %	of	respondents	take	a	train	for	
international trips once a year or less (ranging between 
7 %	for	Lithuania	and	35 %	for	Austria).	To	put	this	in	
perspective, for national and regional trains the shares 
are	32 %	(never)	and	30 %	(once	a	year	or	less).

Despite the rapid growth of HSR in the last few 
decades, passenger rail transport is currently mainly 
seen as a viable choice for domestic travel.

[European Environment Agency 2020]
[Dugast et al 19] 



Thermique du bâtiment

[Vignon 2020]

Steico.com
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Perspectives 
académiques

- Multiphysique

- Microstructure / interface

Perspectives 
sociétales

- Pluridisciplinaire

- Tissu socio-économique



Arthur Levy, Luc Amedewovo, Steven Le Corre, Laurent Orgeas, Nicolas Lefevre

arthur.levy@univ-nantes.fr

Phénomènes de déconsolidation dans les 
stratifiés composites à matrice 

thermoplastique

Nov. 2024


