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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 the deconsolidation phenomenon,
need for characterization
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Outlines

2 - Microstructural 
in-situ analysis
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3 - Macroscopic
parametric study

1 - Material



Consolidation

Laminate preparation

• Oven (VBO)

Material
CF/PEKK (Toray Composites)
348 * 348 mm*2,90 mm
16 plies UD, 0°

• Press (40 bar)

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

• Water immersed
• Dried 180°C
• Annealed 250°C
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Pre-conditionning

[Amedewovo et al 23b]



Deconsolidation cycle
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2 - Microstructural 
in-situ analysis

3 - Macroscopic
parametric study

1 - Material
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In situ Tomography Observation
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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



Test Matrix
# Preconditioning Stacking 

sequence Heating type Counter 
pressure

1 Water immersed (WI)
3 months @ 0.1 wt. %H2O UD Bi-lateral -

2 Dried – 72h@180°C UD Bi-lateral -
3 WI CP Bi-lateral 0.1 MPa
4 WI UD Uni-lateral 0.05 MPa
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3D fields

• Test 2: Dried / UD / Bi-lateral 

3D grey level image

Longitudinal
Transverse



Processing

Trainable 
weka

segmentation 
algorithm

Gray scale image Binary image

Sample 
thickness

Porosity content

Global strain

𝜀D = ln current thickness
initial thickness
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• Test 2: Dried / UD / Bi-lateral 

(1) Thermal expansion

(3) Shrinkage

(2)

(2) Deconsolidation
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Processing

1. Pore fitting with Oriented Bounding Box (OBB) 
pore length = a

2. Pore classification by length

3. Volume fraction = Pore class volume
Total pore volume ×100

a>b>c

Length ≤ 0.1 mm
0.1 < Length ≤ 1 mm
Length > 1 mm
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Pore sizes



Pore growth and splitting

Before deconsolidation
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Test 2: Dried / UD / Bi-lateral 
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Pore growth and splitting

Vo
lu

m
e 

fr
ac

tio
n 

(%
)

Temperature (°C)

Length ≤ 0.1 mm
0.1 < Length ≤ 1 mm
Length > 1 mm

During deconsolidation

Splitting
95

5

1.3

92

Test 2: Dried / UD / Bi-lateral 

17

Deconsolidation
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2 - Microstructural 
in-situ analysis

3 - Macroscopic
parametric study

1 - Material
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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. 23]



Test matrix
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Initial laminate Deconsolidation

Process Conditionning Counterpressure Heating rate

HP
VB

Dried
Annealead

Ambiant 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

21

Deconsolidation 
critical temperature TD

DTS (°C-1)

Max deconsolidation 
strain

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

(1) Thermal expansion

(4) Shrinkage

(2) Critical deconsolidation

(3) Splitting



(Dried @ 250°C +
immersed)
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Maximum deconsolidation strain

M
ax

ε D

UD, HP
Heating rate =10°C/min
No counter pressure

Dried @ 
250°C

Ambiant 
storage Immersed

Rehumidified

0.01% H20 0.2% H20

Stress 
relaxation
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After experiments micrographs

UD- HP - Dried (DS) 1 week@180°C

UD - HP - Annealed (AN) 48h@250°C

UD - HP - Annealed (AN) 48h@250°C + 
Rehumidifying 1 week : 0.04 wt. %H2O

1 mm

1 mm

1 mm

0.1 mm

0.1 mm

0.1 mm
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Conclusions

Growth
SplittingStrain

Temperature (°C)Tg TD

Ply 1

Ply 2

Interply

Nucleation

Increased
by moisture

Deconsolidation

Microstructural in-situ analysis

Macroscopic parametric study

Thermoplastic laminates deconsolidation characterization tools

Driven by 
residual
stress
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