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PV Generation System

Sun-Hee Kim*, Young-Guen Lee*, Su-Hong Seo**, Hyung-Joong Joo**, Soon-Jong Yoon™***?

ABSTRACT: Most of energy are obtained from oil, coal, and natural gas, most likely, fossil fuel which is limited
throughout the world. Recently, high crude oil price, climate change, oil depletion, etc. are main reason to get
attention to non-fossil energy including renewable energy in the world. In this study, we studied analysis and design
of structure system composed of pultruded fiber reinforced polymer composite (PFRP) which has many advantages
such as high specific strength and stiffness, high corrosion resistance and chemical resistance. For the design and
construction of floating-type structure, PFRP structural members may be the first choice. Design of tracking-type
floating PV generation structure was performed by using the results of the finite element analysis. The structure is
fabricated and installed on the water surface. Before the installation of the structure, safety related problems associated
with installation and operation are investigated using the finite element simulation and it was found that the structure
is safe enough to resist externally applied loads.
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(a) Flange

Fig. 3. Tensile properties of pultruded FRP specimen

Fig. 4. Tensile test (Pultruded FRP)
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Fig. 5. Failure of the tensile test specimen

Table 1. Result of PFRP tensile test

. Young’s Poisson’s
Specimen No. Tensile strength modulus ratio
(o MP) | Gpa) V1)
F-1 401.34 32.04 0.31
Flange | F-2 387.40 34.54 0.37
F-3 404.90 35.24 0.30
Average 397.88 33.94 0.33
W-1 461.79 30.41 0.28
Web W-2 466.41 29.74 0.26
W-3 438.54 29.28 0.15
Average 455.58 29.81 0.27
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Fig. 6. Design of floating PV generation structure
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Fig. 9. Automatic-type PV generation structure
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Fig. 10. FEA modeling 1

Table 3. Characteristics of members

. Area Asy Asz Ixx Iyy Izz
L M T

ocation ember Type (cm?) (cm?) (cm?) (cm) (cmd) (cm)
@) H-100 x 100 x 10 x 10 28.00 16.67 10.00 9.67 449.33 167.33
® H-100 x 100 x 10 x 10 28.00 16.67 10.00 9.67 449.33 167.33

H-124 x 100 x 10 x 14
® N . 34.00 20.00 12.40 16.21 825.72 200.83

(Considering connection)

@ H-100 x 100 x 10 x 10 34.00 20.00 12.00 11.67 811.33 288.83

H-100 x 100 x 10 x 10
30.00 16.67 12.00 10.33 690.00 167.50

® (SMC with Max. cross-section)




Structural Design and Installation of Tracking-type Floating PV Generation System 63

Fig. 11. Location of member

Table 4. Wind load

Wind velocity (m/s) 50
Roughness coefficient D
Gust-effect factor 1.0
Importance factor 1.10
Topographic factor 1.30
Pressure exposure coefficient 1.13
Design wind velocity (m/sec) 62.15
Wind pressure (kN/m?) 4.35

Table 5. Snow load

Snow load (Sg) 0.5
Roof snow load coefticient (C,) 0.5
Exposure coefficient (C,) 0.8
Thermal factor (C,) 1.2
Importance factor (1) 1.0
Slope factor (C,) 1.0
Snow pressure (kN/m?) 0.24
Table 6. Self-weight

Load Magnitude
PV module 220.73 N/EA
Floating object 392 N/m
Foot panel (Synthetic lumber) 7.059 N/m
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Fig. 12. Result of the FEA
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Table 7. Safety check using FEA results

Stress (MPa)
Member Tension Compression Shear Flexure
Max. Allowable Max. Allowable Max. Allowable Max Allowable
(o)) (0,,) (o) (0,,) (o,) (0,,) (0,) (044)
@ 199 17.1 11.1 81.5
@ 5.6 7.1 14.7 153.8
® 40.4 231.8 2.0 154.50 22.5 26.37 122.0 185.40
@ 7.2 22.7 16.8 102.7
® 2.3 4.4 8.0 130.0

(a) Basic frame assembly (b) Install floating member

(¢) PV module installation (d) Lifting

(e) Launching

(g) Foot panel

(f) Fixing external member

(i) Assemble on the water
surface

() Completion

Fig. 13. Fabrication sequence of floating-type PV energy gener-
ation structure

Fig. 14. Installation of floating-type PV energy generation struc-
ture
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Fig. 15. Completion of floating-type PV energy generation struc-

ture
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