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Fig. 1 Rigid photovoltaic structures
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Fig. 2 Fixed methods of photovoltaic modules
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Fig. 4 Parameters and installation schematic of specimens
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Fig. 8 Load-strain curves of specimens
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Fig. 9  Cross-sections of photovoltaic module frames
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Table 2 Material thickness of each layer of PV cell laminate
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Fig. 12 Cross-sectional dimensions of frames and clamps

(unit: mm)
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Table 3 Material parameters

B A w‘rﬁii/ Eﬂﬁiﬁaﬁ/ hi‘;?irg/
FRIAE 0.30 58140.0 142 202
I 15 0.23 73000.0

EVA 0.33 67.7

KR 0.28 130000.0

G 0.29 3500.0

BTN 0.30 15.0

JASER 0.30 58140.0 142 202
LY 0.30 200000.0 450 700
(S 0.30  206000.0 235 375
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Fig. 15 Deformation diagram of PV module connection joints
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Table 4  Parameter values of each working condition

mm
Tolgns MR AR ArFEE JREUEE
JRTH 2278 1134 30 1400
1 1822 1134 30 1400
2 2050 1134 30 1400
3 2506 1134 30 1400
4 2278 906 30 1400
5 2278 1020 30 1400
6 2278 1248 30 1400
7 2278 1134 25 1400
8 2278 1134 35 1400
9 2278 1134 40 1400
10 2278 1134 30 940
11 2278 1134 30 1170
12 2278 1134 30 1630
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Table 5 Wind uplift ultimate load for each operating condition

Togs  WERMEKPa | TH4S  WERTk/KkPa
JR T 5L 2.50 7 2.10
1 3.05 8 2.90
2 2.70 9 3.45
3 225 10 2.20
4 435 11 2.31
5 3.20 12 2.55
6 1.90
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Fig. 16  Variation of wind uplift ultimate load of photovoltaic

modules with design parameters
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STUDY ON WIND UPLIFT FAILURE MECHANISM AND INFLUENCING
FACTORS OF CLAMP-FIXED PHOTOVOLTAIC MODULES

San Bingbing, Huang Rongliang, Qiu Ye, Ren Gaoke
(College of Civil and Transportation Engineering , Hohai University, Nanjing 210098, China)

Abstract: To investigate the wind uplift resistance and failure modes of rigidly supported clamp-fixed photovoltaic (PV) modules,
considering the effect of module fixation spacing and frame height, this study conducted wind uplift resistance tests on PV modules with
different parameter combinations. The entire loading process of the PV modules under simulated wind load was measured, including
displacement and strain changes. The damage deformation characteristics and failure modes of the PV module were analyzed. A
numerical analysis model of the PV module was established using the structural finite element analysis software ABAQUS to further
study the factors affecting the wind uplift resistance of the PV modules. The results show that the wind uplift failure mode of the PV
module is the failure of the engagement between the fixed block and the module frame, leading to the entire PV module being uplifted.
The wind uplift failure criterion for the PV module is defined as failure occurring when the slippage between the clamps and the PV
module exceeds 2/3 of the original constraint surface section length of the block on the module frame. Reducing the length and width of
the PV module, and increasing the height and fixation spacing of the PV module, can effectively improve its wind uplift resistance , with
reducing the module width having the most significant effect.

Keywords: PV modules; uplift wind resistance ; numerical simulation; wind resistance uplift test; failure mode; module clamp



