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STATE-OF-THE ART: VEHICLE INTEGRATED PHOTOVOLTAICS (VIPV)

… Yet they use traditional PV manufacturing 
processes and materials

Lamination process Glass / polymers

Some challenges remain unresolved

Many actors already produce VIPV …
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Solar mobility

Charging electric
vehicles with PV

PV integrated into
vehicles (VIPV)



FROM A CLASSICAL FLAT PV MODULE TO A DOUBLE CURVED COMPOSITE PV MODULE
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Laminator →
Source : Directindustry.fr ↑ Press + double curved mould

Composite front sheet

Encapsulant + cells

Composite back sheet

↑ Simplified exploded view of 
a curved composite PV 
module 40 cm x 40 cm
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↑ Simplified exploded view of a “classic” 
flat photovoltaic module

Glass front sheet

Encapsulant + cells

Polymer / glass back sheet



Process development: thermocompression for PV module 
manufacturing
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THERMOCOMPRESSION PROCESS …

 Geometrical tolerances
 Automatable 
 Thermoplastic

materials
 High production rate

Temperature ~250 °C ; pressure ~5-10 bars
Source : Substech

 Stresses resulting from 
thermomechanical 
loads
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AND ITS ISSUES…

Cells breaks

Materials 
processing & 

adhesion

Porosity

Springback

EU PVSEC 2021 | Tatiana DUIGOU | 09/09/2021

Introduction Process development Numerical simulation Conclusion



THERMOCOMPRESSION PROCESS DEVELOPMENT: MOULD DESIGN

7

Mould
specifications

Vacuum 
draw

Variable 
airgap

Materials 
loading
under
press

Tempera-
ture

resistance
(at 250°C)

Process
monitoring

Near net 
shape
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
Under progress…

 End up validation of the
numerical model

 Increase in maturity: ageing
tests, optimisation of process
parameters, industrialisation
scheme, etc.

R1 = 1000



Numerical model of the developed modules
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AIMS OF THE MODEL

• Simulate the different stages of the process

• Validate the numerical results

Predict the 
stresses resulting 
from the process

• Define the double radius of curvature limit of 
a photovoltaic cell technology (see poster 
session 2CV.1.7)

Ensure the 
integrity of the 

cells

• Minimise mass for a set of defined 
mechanical loads

• Minimise stresses resulting from the process

Optimize the 
stack
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Max 
stress
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See 2CV.1.7



MAINS RESULTS: MULTISTEP SIMULATION OF THE PROCESS (2/2)

Double 
bending

Cooling under
press

Mould
opening
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MAIN RESULTS: QUANTIFICATION OF THE SPRINGBACK
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← Metrological measurement of 
the module surface at the process 
output

↑ Springback calculation: comparison of the 
vertical position of the nodes measured by 
metrology with the theoretical curvature 

targeted. Positive value  the front face is less 
curved than expected. 



Correction of the reference 
plane to ensure coplanarity

of the corners

Aim: to have a zero gap 
at all points to cancel the 

springback.

R=1 m ; 
L=40 cm

R=2 m ; 
L=40 cm
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Centre Corner



MAINS RESULTS: COMPARISON BETWEEN METROLOGICAL MEASUREMENTS AND MODEL OUTPUT
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↑ Extraction of vertical positions 
of nodes at the output of the 

numerical simualtion, on a node 
selection

↑ Calculation of the simulation error: 
difference between the vertical position 

of measured nodes and of corresponding
nodes at the output of the simulation. 



Procédé

• Manufacturing pieces with 
higher springback and perform 
new metrological 
measurements

Model

• Taking into account the 
springback of composite sheets 
before assembling

• Materials characterisation

Assumptions
review

• Study of the influence of 
soldering 

• Correction of other hypotheses?Aim: 
Getting no difference between numerical output and 

experimental output

Towards a correction of 
uncertainties …
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Relative error model / measurement
~100 % 



CONCLUSION AND PERSPECTIVES

Finish the validation of 
the numerical model of 
the thermocompression
process + optimization

Analyse ageing tests

Towards process 
industrialization …
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