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Abstract: This paper focuses on the reliability evaluation of photovoltaic(PV) module products under
accelerated degradation conditions. A method to estimate the pseudo failure life distribution of PV
modules based on the Generalized Lambda Distribution ( GLD) was proposed. Firstly, the
determinative coefficient test method( R*) was used to select the best accelerated degradation path to
obtain pseudo failure life values of samples. Then, the bootstrap method was taken to generate
bootstrap samples to expand the sample group and to build a pseudo failure life distribution model
based on GLD, which could truly reflect the pseudo failure life distribution of PV modules under
different acceleration conditions without presetting the prior distribution, Finally, by taking
accelerated performance degradation data of a 18 W small power Mono-Si silicon PV module as an

example, the pseudo failure life distribution and reliability of PV modules were estimated under
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accelerated degradation conditions. The results show that this method obtains pseudo failure life

distribution in accelerated degradation conditions, and reliability curves and the experimental data

results fit well. Moreover, the absolute error of fitting curve is basically in 300 h, and the relative

error is not more than 15%. These results meet the demand of engineering forecast precision.

Key words: photovoltaic modulus; accelerated degradation; pseudo-failure lifetime; GLD-distribution;

reliability evaluation
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Fig. 1 PV modules pseudo-failure lifedistribution

estimate based on accelerated degradation data
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Tab.1 Mono-Si PV modules typical parameters
W ¥
- Size Popp Topp Vo e Ve +

Mono-Si 410X 350
17.148 8.662 1.981 9.214 2.568 71.740
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(b) 2 AR AL e 2
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Fig. 2 PV module accelerated degradation test

T 3R AU 3R G R A I A 1 R
i ATLAS SEC2100 ., Jt AR 41 #4880 28 M 3 R 42
halm-cetisPV 4., & 2 Frs ik 5 35 4 b ke i
PR

Mono-Si B i ik 404 43 g 5 P/ 28 k47 fin
BAL I 5, B 20 A S B B E] R 1000 h, BB
100 b JBCH 0 A S AR 20 1 55 400 2% I 3 R 4 4K
IEC61215-2005 # 17 STC T fiy 5 o) & P,
WU AR 0 B N 2 R0 B G 5 0y
mzk 2 fiR.

K2 BARBMENHSHZERRRBIFF

Tab. 2 Each group sample test parameters and sequence

RIEFES WBE T/C BE H/Y% EHESH R (W/m?)

@ 85 85 1000
@ 75 75 1000
® 65 65 1000
@ 55 55 1000
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Tab.3 Mono-Si PV modules accelerated degradation test of output power Py (W)
Wi £5/100 h
R
1 2 3 4 5 6 8 9 10 11
@ 1 16. 86 16. 58 16. 09 15.93 15. 86 15. 47 15. 44 14. 90 14.52 14. 39 14. 11
2 16.79 16. 45 16. 05 15.91 15. 83 15. 44 15. 20 15.07 14.95 14. 74 14.62
3 16. 75 16. 34 15. 83 15. 80 15.74 15.32 15.05 14. 89 14.71 14. 35 14.03
4 16. 97 16. 35 16. 18 15.99 16.09 15.72 15. 84 15. 34 15.11 14.43 14. 16
5 16. 47 16. 26 16. 02 15. 80 15. 39 15. 31 15.02 14. 83 14.51 14. 25 13.98
(@) 1 17. 04 16.91 16. 74 16. 61 16. 49 16. 38 16. 31 16. 25 16. 20 16. 16 16. 11
2 16.52 16. 40 16. 28 16. 13 16. 04 15. 89 15.72 15.68 15.61 15. 54 15. 47
3 16. 82 16. 71 16. 60 16. 48 16. 39 16. 21 16. 15 16.03 15.92 15. 81 15.73
4 16. 75 16.61 16. 49 16. 37 16. 25 16. 11 16. 04 15. 96 15. 84 15.77 15. 68
5 16. 86 16.72 16.63 16. 55 16. 43 16. 32 16. 20 16.12 16. 05 15.93 15. 85
® 1 16. 89 16. 51 16. 32 16. 09 15.90 15.79 15.58 15.43 15. 27 15.15 15. 04
2 17.02 16. 69 16. 45 16. 23 16. 05 15. 89 15. 67 15. 54 15. 39 15. 26 15.13
3 17.01 16. 46 16.12 15. 81 15. 54 15. 46 15. 39 15. 31 15. 25 15.21 15. 17
4 16. 58 16. 25 15. 89 15.74 15.52 15. 33 15.17 15.03 14. 84 14. 74 14. 61
5 16. 88 16. 53 16. 37 16. 07 15. 88 15. 65 15.41 15. 25 15.11 14.93 14.78
® 1 16. 94 16. 25 16. 09 15.97 15. 85 15. 81 15.69 15. 66 15. 60 15.56 15.52
2 16. 75 16. 51 16. 08 15.75 15.57 15. 36 15. 29 15.18 15.12 15.03 14. 96
3 17.08 16. 89 16.51 16. 21 16. 06 15. 94 15. 86 15.78 15.70 15. 68 15.62
4 17.13 16. 96 16. 81 16. 69 16.52 16. 37 16. 23 15.97 15. 87 15.72 15. 65
5 16.91 16. 69 16. 28 15.99 15.74 15.57 15. 40 15. 34 15. 28 15.21 15.16
F4 RAREGERRUHITER R 0K H N
Tab.4 PV module accelerated degradation trajectory and pseudo-failure Lifetime
5 o ®
B Al 1 2 3 4 5 1 2 3 4 5
B EE  FERORE MK R AL TRHORE SRER A M R AL AR R IS R AL SR ER A L R FR B R AL
SSE 0.1439  0.0451 0.1342 0.3881 0.1457  0.0014 0.0073 0.0032 0.0015 0.0027
R 2% 0.9724  0.9860 0.9707 0.918 0 0.979 7 0.998 5 0.9944  0.997 6 0.998 8 0.997 6
hik &4/ h 1786 2234 1858 1916 1763 4 875 4 609 4 985 4 238 4 794
R ® @
Bt 4l 1 2 3 4 5 1 2 3 4 5
BAUEAHE  fRECRE Rl B R BEH FRE Wi BRE BEE #EH
SSE 0.067 1 0.034 1 0.106 5 0.018 9 0.2199 0.2037 0.3052 0.0314 0.2126 0.282 6
R &% 0.983 1 0.990 5 0.986 9 0.995 2 0.977 9 0.9828  0.970 4 0.989 0 0.980 2 0.975 2
thR#Fam/h - 10 475 11 284 10 982 12 580 10 697 21 568 20 450 22 875 23 883 20 896
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Tab. 5 A distributed parameterof PV modules
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A distribution on pseudo-failure life
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