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demand on solar modules:
= operation for a long period

= low performance loss (typically
less then 20 % in 25 years)

I resist thermo-mechanical and
mechanical loads

loads on solar modules
) ) Fig. 1: broken copper
B mechanical (wind, snow) .
ribbon [1]
1 thermal-mechancial
(production process,

day/night shift, seasons)

m dynamic-mechanical
(wind squall, hail)

typical mechanical failures: Fig. 2: EL image of a
mono-Si solar

module with

™ glass breakage
[ ]
cel breakage microcracks due

1 broken interconnector to thermal cycling |

= delamination (2]

solar module consists of various

) Material | Youngs Modulus CTE
materials [GPa] [106 K]
> widely different CTE and Young's ilicon 162 (multi) 2.6

. Copper 86 16.65
- origin of thermal stresses due to PP

. EVA 0.07 - 0.001 90 - 360
mismatch of CTE

. . Tab. 1: mech. properties of solar module components
properties of encapsulant exhibit a prop P

strong dependence on temperature

100

- distinct change in mechanical | == G'DMA ||

properties around glass transition N

. = 10F i crystallisation of 3

- strong influence on the amount % i vinylacetat phase

of external loads, which is & NG

transferred to the solar cells [glass transition] 3
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stress free state at lamination
temperature (150 °C) is assumed
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plastic strain [%]
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contraction of the materials leads to 079
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. bbons p e.da age that Fig. 4: plastic strain of copper ribbon after
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5:  a) lifetime model for copper ribbon under given geometric constraints [3]

b) plastic strain of copper over temperature for different initial cell gaps
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B investigation of a module laminate with 3 cells under wind load
B deflection influenced by cells and temperature dependant polymer stiffness

B polymer mainly under shear deformation = amount of strain compensation
depends on shear stiffness and thickness of polymer

B stress in solar cell considerably higher for low temperatures and thin polymer
B reduction of cell thickness leads to higher deformation and stress
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Fig. 6: @) Influence of deflection of module laminate on temperature = encapsulant [3]
b) Influence of normalized stress with respect to temperature/polymer stiffness [3]
) strain and stress behavior of the laminate under a mechanical load, characteristic stress plot
d) Influence of normalized stress with respect to polymer stiffness and thickness [3]
Reference for all graphs: 200 pm, 20 °C, 0.4 mm

B reduction of glass thickness leads to higher deformation and strain in glass
- increased strain is transferred to cells and induces higher stresses

| effect also applies to manufacturing tolerances = more than 10 % stress
variation possible

B variation of shear modulus of encapsulant due to inhomogeneities
- variation of shear modulus up to 60 %
- low impact on deflection
- effect on stress up to 20 %
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Fig. 7. a) impact of glass thicknesses including tolerances (+ 0.2 mm) on stress and deflection,
Reference: 4 mm glass, 200 pym cell, 20 °C

b) influence of the variation of the shear modulus of the encapsulant on deflection and stress
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