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1. Introduction

A solar cell is a solid-state electronic component
that directly converts a percentage of sunlight
energy into electricity by its photovoltaic
physicochemical effect. Space solar cells are
mainly made of gallium-arsenide. The most
important component of a solar cell is the glass
layer, which is directly exposed to solar energy and
experiences many temperature changes during the
day and night. Due to the different coefficients of
thermal expansion of different layers, cracking of
the glass layer is possible. The presence of one or
more primary microscopic cracks in this layer and
the extreme ambient temperature gradient will lead
to the crack growth, resulting in the failure or
destruction of the glass layer, as well as improper
functioning of the solar cell. In design and
manufacturing solar cells, variables such as the
material of the glass layer, geometric parameters
(length, width and thickness of the layer) as well
as the presence of initial cracks play a key role. The
possibility of delaying the growth of the crack and
increasing the useful life of the glass layer is of
great importance.

2. Initial simulation and validation

In order to validate the results of numerical
simulations, the crack growth due to fatigue in a
compact tension (CT) test sample (Figure 1) was
first simulated and the results were validated with
the practical results of previous researches. The CT
test of 8630 steel alloy sample was simulated in
Abacus FEA software according to the
experimental study of Kim et al. The mechanical
properties of the material were also extracted
according to Table 1. Due to higher accuracy, the
maximum principal stress criterion was applied for
numerical simulations of crack growth by the
extended finite element method (XFEM). Also, the
direct cyclic analysis and S4 elements (A 4-node
doubly curved general-purpose shell) were
employed.
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Figure 1. Standard sample of CT test

Table 1. Mechanical properties of 8630 steel alloy
of(MPa) ¢,(MPa) o,(MPa) E(MPa) v
315 620 550 203 0.3

The numerical and experimental results of the CT
simulation for 8630 steel alloy are shown and
compared in Figure 2 for the crack length-number
of cycle diagram.
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Figure 2. Comparison of numerical and
experimental results of crack growth in CT test

3. Numerical simulation of crack growth in the
glass layer

Crack growth exposed to the temperature gradient
between night and day in space conditions in the
glass layer of a gallium-arsenide solar cell was
simulated and the effect of different parameters
was investigated. According to Table 2, the
mechanical properties of the CMX100 glass layer
are extracted from the manufacturer's catalog.

Table 2. Mechanical properties of glass layer

G 13
o, (KPa) (N/m) a (MP2) v
346 620 65710° g5 0.21
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In this research the protoflight test shown in Figure
3 was used to simulate the space temperature
conditions.

Protoflight test

Temperature

Time (hr)

Figure 3. Variations of temperature vs. time in the
protoflight test

3.1.The effect of initial crack length. To
investigate the effect of initial crack length on the
glass layer, crack growth was studied in a sample
with a central initial crack of 3, 7 and 10 mm.
Figure 4 shows the results.
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Figure 4. Comparison of crack growth trend with
different initial crack lengths

3.2. The effect of initial crack location

Two samples were simulated with an initial crack
of 10 mm, one at the edge and the other in the
center of the glass layer of the solar cell, and the
results are shown in Figure 5.
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Figure 5. Comparison of crack growth trend with different
initial crack locations

3.3. The effect of initial crack angle. In this case,
the initial central crack of 10 mm with 0, 30, 45,

60, and 90 angles were simulated. Figure 6 shows
the results.
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Figure 6. Comparison of crack growth trend with
different angles

3.4. The effect of thickness of glass layer
To investigate the effect of thickness, the results of
numerical simulations of crack growth in a sample
of solar cell glass layer with thicknesses of 200,
100 and 400 pm are compared in Figure 7.
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Figure 7. Comparison of crack growth trend with
different thicknesses

4. Conclusion

Glass layer is one of the most important parts of
the solar cell and experiences a strong ambient
temperature gradient. The difference in the
coefficient of thermal expansion will cause cracks,
crack growth, and as a result, failure or destruction
of the glass layer, as well as improper functioning
of the solar cell. Therefore, delaying the growth of
cracks and increasing the useful life of the glass
layer is one of the most important challenges in
this field. In this study, crack growth in the glass
layer of a composite solar cell due to temperature
changes was simulated using the XFEM and the
effect of variables such as length, location, angle
of initial crack, layer thickness, and dimensions
were studied. The results revealed that among the
above parameters, the dimensions of the protective
glass layer have the greatest impact on crack
growth.
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