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failure of .the soldering or the cell cracks, and cannot S EVA Nondiscloene | | Sires p—
reproduce ribbon cracks. . .
Purpose : In this study, we tried to evaluate the sorting test et aBks (Leaded, A3) Hitachi Cable | | Bending Jumbending | #5745
1 ) > ;
! » 3 . Bending cycle 10,000 times each test
for the breakage of ribbon for extracting the weak point or Back sheet PVF / PET / PVF Nondisclosure e
the defect inherent in the modules. Size 540 mm X 200 mm X 4 mm - ECOE kil ol g

Figure 2. Images of 4 point stress.

Fz=0.125kN Fz=0.125kN

back sheet side 5 f,’f?;";’;’ =
PET .
. | - | ! 1 T
Table 3. Materials properties used in simulation at 23°C. Xj A A ~ lass W s
Unit Glass Silicon EVA PET Copper Solder Ag Z X-axis =0, Z-axis = 0 Z-axis =0 gfggi;
Young’s | Pa | 7.31E+10 | 1.31E+11 | 1.68E+07 | 1.60E+06 | 1.30E+11 | 2.20E+10 | 8.27E+10 oRM z
modulus Figure 4. Boundary condition of simulation. | LX
Poisson’s | - 0.22 0.27 0.45 0.33 0.34 0.37 0.37 m..* A /\
ratio — 19212 ', '~ nab
Thermal | 1/°C | 9.03E-06 | 4.15E-06 | 2.70E-04 | 2.50E-05 | 1.70E-05 | 2.40E-05 | 1.93E-05 L E -
expans.ion =t Si i ;ggggs
coefficient Glass ———— 0.54892
density | g/em® | 2.5 233 0.95 1.4 8.96 10.49 " YA I i
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Table 4. Young’s modulus of EVA. : _ » e Cell Space
Temperature (°C) 220 93 30 Figure 5. Cross section of model. Figure 6. Results of FEM simulation _of thermal stress and pendlng load frqm
Y, ; dulus (Pa) | 1.40E+08 | 1.68E+07 | 1.03E+06 , , , back sheet side at -20°C. Displacement was dominated by bending load.
oung’s modulus (Pa) | 1. : : Cell space was modified from 1 mm to 5 mm at each simulation.
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Figure 11. Results of difference between displacements by glass-side load and back-sheet-side load for each cell space.
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1. As a result of the bending load test using the test modules with various spaces between the cells, the maximum power (P,,.) was decreased by about 25% for the module with the space of 1 mm.
P .. was decreased by about 10% for the modules with the space of 2 mm, 5 mm and 10 mm and complete breakage of ribbon was observed (Figures 6, 7 and 8).

2. As a result of the displacement of module with each cell space, the displacement was proportionally increased with an increase in bending load and temperature. The highest displacement was about
6 mm by 500 N at 80°C. As a result of the difference between displacements by glass-side load and back-sheet-side load, displacement by glass-side load was larger than that from back-sheet-side load
(Figures 10 and 11).

3. Cell space was contracted by bending load of 500 N (Figure 12 and Table 5).

4. FEM simulation underestimated the displacement of modules. Especially difference between displacements from simulation and measurement was larger over by 2 times. It was also found that
displacement strongly depends on temperature only in the case of measurement (Table 6).

5. The maximum stress level of ribbon of bending load for cell space of 1 mm was the largest of all (Table 7).

In this study, 1t was found that the space over 1 mm between the cells 1s needed for high reliability and the bending load test 1s useful for the evaluating test for the breakage of ribbon.
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