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Figure 3. Photograph of PV module 
sample.

Table 2. Test conditions.

Table 1. Specifications of materials used in PV module.

Figure 1. Photographs of load cycle bending machine.

Figure 2. Image of 4 point stress.

Table 3. Materials properties used in simulation.

Figure 4. Results of 4 point bending test.
In order to estimate the suitable stress condition in the load cycle bending test, 
simulation was made by assuming that the property of glass represents those of PV 
modules. From the results of simulation as shown in Fig. 4, the maximum displacement 
was calculated to 8.5 mm with the stress of 500 N.

RESULTS & DISCUSSION 

Figure 6. EL images after 4 point load cycle bending test.

Figure 7. View from glass 
side (left) and BS side (right).

Table 4. Materials properties used in simulation at 23oC.

Table 5. Young’s modulus of EVA.
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Figure 5. Boundary condition of simulation.

Figure 10. Results of FEM simulation of thermal stress (left)  and bending load (right) from glass side at -20oC.

Changwoon, H. et al.,  2012 “Lifetime prediction of silicon PV module ribbon wire in three 
local weathers”, NREL 2012 Photovoltaic Module Reliability Workshop.
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Figure 8. Retention of  Pmax after test of module with each cell space.

Figure 9.  EL Images after each test .

The failure mode depends
on temperature and the
bending direction.

Table 6. Results of measurement at cell space.

Table 7. Comparison of  displacement of modules 
between measurement and simulation.

Figure 13. Microscopic view and cross section 
image.

Figure 12.  View of  ribbon after test.
a) no bending and b) 500 N.

In this study, the following results were obtained:
1. Bending load test is useful for evaluating the breakage of ribbon.
2. The space over 1 mm between the cells is needed for high reliability.
3. The stress point of bending load concentrates on the interconnector

and bending load tests are in close agreement with FEM simulations,
but the estimated values by simulation are smaller than those by
measurements.

結晶 Si PVモジュールにおけるインターコネクターに関する評価方法の検討

Purpose
In this study, we
tried to evaluate
the sorting test for
the breakage of
ribbon for
extracting the
weak point or the
defect inherent in
the modules.

Cell space of 1 mm shows
the lowest reliability.

Bending load test induces the breakage of ribbon.

a) b)

Bending load is more dominant than the thermal stress.

Bending load concentrates on the interconnector by the stress at 23oC and 80oC.

The evaluation values by simulation is smaller than those by the measurement.

Bending load test is
possible to evaluate the
breakage of ribbon.

Figure 11. Results of the maximum stress point of  interconnector.

Figure 14. Image of cross section of Cu position.

Figure 15. Stress distribution of Cu.
a) thermal stress and b) bending load.
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