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stresses in strings of shingled solar cells 

under mechanical and thermal loading
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Introduction
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 Relative cell movement due to external mechanical loads and temperature changes

 Difference traditional interconnection vs. shingled cells interconnection

Traditional interconnection Shingled cells interconnection

 Shingling principle
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Design parameters of shingled interconnection
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• Cell width

• Joint thickness (t)

 Potentially adaptable design parameters

 Structural mechanic simulations (FEM)

• Joint width (w)

• Overlap (x)

Objective: 

Reduce stresses in the joint 

and adjacent silicon cells !
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Modeling
Global lodel
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 Design

• 2 x 6 vertical strings / 32 stripes per string

• Frontsheet / Backsheet: glass
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Modeling 
Global model
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 Boundary Conditions (BC)

• Edges fixed

• Symmetry

 Design

• 2 x 6 vertical strings / 32 stripes per string

• Frontsheet / Backsheet: Glass

 Material modeling

• Material data provided in literature [1]

• Viscoelastic material modeling

[1] Springer, M.; Bosco, N. Linear viscoelastic characterization of electrically 

conductive adhesives used as interconnect in photovoltaic modules. Prog   

Photovolt Res Appl 2020, 28, 659–681, doi:10.1002/pip.3257. 

 Loading conditions

• Temperature cycle test (IEC 61215:2005)

• Static mechanical load (IEC 61215:2-2016)

• Residual stresses from manufacturing neglected
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Modeling
Submodeling
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Deformation 

field

Temperature 

field

Detailed stress analysis

Global model Local model
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Variation of geometric parameters / Thermal loading
Joint thickness
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 Increasing joint thickness  decreasing stresses (~ 30%)
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Variation of geometric parameters / Thermal loading
Joint thickness 

8

 Reduction of stresses in the ECA
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Variation of geometric parameters / Thermal loading
Joint width
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 Increasing joint width  decreasing stresses (~ 20%)
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Variation of geometric parameters / Thermal loading
Cell overlap
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 Increasing cell overlap  decreasing stresses (~ 30%)
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Variation of geometric parameters / Mechanical loading
Joint thickness 
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 Increasing joint thickness  decreasing stresses (~ 8%)
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Conclusion
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 Thermal & Mechanical Loading  stresses due to relative cell movement

 Scan different joint design criteria

• Joint thickness (t)

• Joint width (w)

• Overlap (x)

 Significant influence under thermal loading

 Same tendency but less significant influence under mechanical loading

 Further investigations

• Module design (frontsheet/backsheet materials, encapsulant, …)

• Practical and economical aspects!


