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Abstract

Large-scale bifacial photovoltaic modules have the advantages of high unit yield and
production. Because the module weight increases with the module size, the power conversion
efficiency can decrease owing to defects such as encapsulant delamination and cell cracking
caused by the increased deflection of the module. However, research on the design optimization
of large-scale bifacial photovoltaic module frames is lacking. Therefore, in this study, we
analyzed the deflection of large-scale bifacial photovoltaic modules using finite element
analysis (FEA). Furthermore, we propose an optimal design for a solar module frame that
minimizes both module deflection and frame weight using the response surface methodology
(RSM). We established 32 experimental setups utilizing the design of experiments with five
frame shape factors placed at two levels each. The results of structural analysis showed that the
maximum deflection occurred at the center of the module. The results obtained using RSM for
minimizing deflection and weight yielded optimal factors as follows: a, b, ¢, d, e were found to
be 1.9 mm, 14.0 mm, 1.5 mm, 1.7 mm, and 2.5 mm, respectively. A comparison of the
deflection and weight between the existing and optimal conditions obtained from structural
analysis revealed an increase in weight of approximately 4.5% compared to the existing
conditions. Simultaneously, a deflection reduction of approximately 15.8% was observed.

Keywords: %] A A|(Design optimization), tHH 2 A ef g H-E(Large-scale bifacial
photovoltaic module), X2 }(Frame), -§-2F.2. 4= (Finite element method), 7531 4(Structural
analysis), 2 & A2 ¥ (Design of experiments), Ft-&-3 ¥ ¥ (Response surface methodology)
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Fig. 1 Structure and components of large-scale bifacial photovoltaic module

Table 1 Thickness of components in large-scale bifacial photovoltaic module

Layer Thickness (mm)
Glass 32
Solar cell 0.18
EVA + Solar Cell 0.8
Frame-inlay 2.0

2] P B a7 anol et Z4424e] 71A12 42 Table 29 . &2 Ao w2 51

- Al A8 A floluie @2 B flolHz 29§l

o, & Aol A8 74 As g2 Cu =

Table 2 Mechanical properties of components in large-scale bifacial photovoltaic module

Material Density (kg/m’®) Young’s Modulus (GPa) Poisson’s ratio
Glass 2,500 70 0.2
EVA 0.96 T-dep. 0.4
Solar cell (Silicon) 2.329 Stiffness matrix
Frame (Al) 2.7 70 0.33
Frame-inlay 0.067 0.0074 0.3
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Fig. 2 Cross-section of mesh modeling for a large-scale photovoltaic module
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Table 3 Level of design factor
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Fig. 4 Design factors of PV module frame

Factor Level (mm)
a 1.5 2.5
b 8.0 14.0
c 1.5 2.5
d 1.7 3.0
e 2.5 5.0
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Fig. 5 Displacement distribution of large-scale PV module
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Table 4 Deflection and frame weight of large-scale bifacial PV module by case

No. a b ® d e Deflection (mm)  Weight (kg)
1 1.5 8.0 1.5 1.7 2.5 14.72 3.23
2 1.5 8.0 1.5 1.7 5.0 13.16 3.42
3 1.5 8.0 1.5 3.0 2.5 12.97 3.50
4 1.5 8.0 1.5 3.0 5.0 12.74 3.70
5 1.5 8.0 2.5 1.7 2.5 13.19 3.57
6 1.5 8.0 2.5 1.7 5.0 12.99 3.71
7 1.5 8.0 2.5 3.0 2.5 12.77 3.84
8 1.5 8.0 2.5 3.0 5.0 12.60 3.99
9 1.5 14.0 1.5 1.7 2.5 11.38 3.23
10 1.5 14.0 1.5 1.7 5.0 10.99 3.42
11 1.5 14.0 1.5 3.0 2.5 10.91 3.50
12 1.5 14.0 1.5 3.0 5.0 10.51 3.70
13 1.5 14.0 2.5 1.7 2.5 11.69 3.57
14 1.5 14.0 2.5 1.7 5.0 11.47 3.71
15 1.5 14.0 2.5 3.0 2.5 11.24 3.84
16 1.5 14.0 2.5 3.0 5.0 11.03 3.99
17 2.5 8.0 1.5 1.7 2.5 10.55 3.58
18 2.5 8.0 1.5 1.7 5.0 10.26 3.78
19 2.5 8.0 1.5 3.0 2.5 10.18 3.83
20 2.5 8.0 1.5 3.0 5.0 9.93 4.03
21 2.5 8.0 2.5 1.7 2.5 10.38 3.92
22 2.5 8.0 2.5 1.7 5.0 10.16 4.07
23 2.5 8.0 2.5 3.0 2.5 10.09 4.17
24 2.5 8.0 2.5 3.0 5.0 9.92 432
25 2.5 14.0 1.5 1.7 2.5 10.40 3.58
26 2.5 14.0 1.5 1.7 5.0 10.10 3.78
27 2.5 14.0 1.5 3.0 2.5 10.00 3.83
28 2.5 14.0 1.5 3.0 5.0 9.76 4.03
29 2.5 14.0 2.5 1.7 2.5 10.21 3.92
30 2.5 14.0 2.5 1.7 5.0 9.98 4.07
31 2.5 14.0 2.5 3.0 2.5 10.07 4.17
32 2.5 14.0 2.5 3.0 5.0 9.89 432
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Table 5 Levels of frame factors

a b c d e
Existing (mm) 1.5 8.0 1.5 1.7 2.5
Optimal (mm) 1.9 14.0 1.5 1.7 2.5

(@

Fig. 9 Shape of PV module frame (a) Existing (b) Optimal
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Table 6 Comparison of deflection and weight

U (mm) W(kg)
Existing 147 3.23
Optimal 124 338
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