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Wind load determination and structural
optimization design of photovoltaic tracking supports
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Abstract ; As the core support structure of solar photovoltaic systems, the performance of photovoltaic brackets
determines the safe and efficient operation and maintenance of the system. Based on the principle of computa-
tional fluid dynamics (CFD) , the wind field of photovoltaic support was numerically simulated using FLUENT
software to determine the wind load of photovoltaic modules. The calculation results were compared with
Japanese empirical formulas for verification. The structural finite element model of photovoltaic support was
established, and the stiffness, strength and modal analysis of photovoltaic tracking support were conducted.
Based on the analysis results, with mass minimization as the objective function, and maximum stress and
deformation as the constraints, the global response surface method was used to optimize the design of the thick-
ness of each component of the photovoltaic tracking support in HyperStudy. Results indicate that on the basis of
ensuring the structural performance indicators, the goal of reducing the weight of the photovoltaic tracking
bracket by 70 kg and a lightweight weight reduction rate of 19.4% has been achieved.
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Fig.1 Simulation model of photovoltaic panel wind farm
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Fig.2 CFD simulation results of photovoltaic modules
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Fig.3 Finite element model of photovoltaic tracking
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Tab.3 Material performance parameters of

photovoltaic system
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Tab.4 First six natural frequencies of structure at

0° inclination

B A 551/ Ha
1 4.28
2 5.94
3 6.89
4 7.49
5 8.22
6 9.44
3.2 NESH

AR BR IR S AR (A i v 32 1) 45 P A5 FE 1Y)
far g, HoA R 2GR IR i R R A A K
W BEAS 2 AT RE 23 8 O AR B R AR TP 4 KL
ZLRERIE LAY ETE ARG I AR TR R
K IJE AL AR &, R L BT RE IR IE R
BAT, MR CER K BRI ) (GB50797—
2012) 21 SR AL 25 4 TR S bk T R 13
VA5 A8 7 S FNAL 3 15 e , ORI S 20 45 4 e fiff FH 2ot
PR o R MR R, A I KUE
OUT N BTG AR A 08 J 1 A9 11 153 N
(fiff 300 XU 30 m/s BT AR 52 K A7) 245 e
X, PN 9.8 m/s” BT Sy I B, A S AR
JAE A [ R R AT R RN AR A Dl ) i 45 4
WZ2EMEREE, HAuB o KmE 4(a) 4
(b) Fi7s

MRYGIT H B2 A 48 b5 Al E bR E (J1S C 8955
2017) , KBHBESEIR RGE R B LB G L F RN
PRV R L7260 =28.9 mm, YGAR 22 50 i kE T
MR RINT 2 TAEE 9 170 B 35.71 mm, AR
HyperView 1 00l i 25 SR 4 T0 & K A7 B A
7.03 mm, i R ER; B E S FREKRKMBE R
41.31 mm, K T 28.9 mm, A i & 50K, 55 47
etk
3.3 SERESWH

TEMAf 30° XK 40 m/s T F BEAT38 4
BT, AR BR R S A8 AE A7 3] 1 5 3 it DL S XA 1Y)
FERl b 25 TR BLANE 4 (¢) 4(d) B, i

U Sl ST T O N <3 Ty N A R YA = ]
7 AT TOU A MR AR 3 FE AL KF AT, A 237.53 MPa, R
Z20| 45 F R FH Steel — Q345 1B, L R 38 BE
345 MPa, Ut DIZ T80 T JEAR R 7 52 204 fR i i
TFEER,

4 ET HyperStudy B iZt

XF FOGAR BB SO AT BROT S5 4 2 BTl
HI T8 I 2R A5 Ak B AR (E & ) Fiseit
AR (A5 BRI RE R ) (W] O A WU e Rk =,
Toik HAER BARSEAT 04l Rt ASBIF 5 328 el
Iz A O v, S D i /M S H AR
ARSI, e N T3 FUREAZ by 24 SR 2% A 1) o o b v
THAAEAL SR R SRR BT
4.1 RITEEHIEI

PRI BRITA A T O fem #5820, 7R
Hyperstudy H>K ] Parameterized File f5He X S H
1) fem AT SBUCALEE B 5Erf e it AE i
SCAR SIS BE , FFH Templex o 5 B¢ &
B EY ER BR, S8BT e A HRUE X ]
SOHA B tpl SO

ARWFFERDCIR B SR AT A BT, e
AR AR FHEOR Y ATHE T e o . i E
DRREJE ST AERE R L) R AL R RE AR 13 SR 1 BE
JEAE i AR i, 3 SO X6 I 9 4 5
5 R, AIRGAFAECIR RS SO S48 B
DRI ST AE S 3 B e KAE TS /N T IR EA, 1
16 BRI AR R R SR B &, A gk

13
SRR HARBRECHN : min Y, m,(x,) ;
i=1

LI
F, <345
X, <L/260 (8)
X, <h/70

K, x, <w, <w, ,x, EHEE  x, BEEERITEHET
PR, x, AEREJRBE VO LR s m, AR o i
PR F, IR SR e KN 05 X, AR S 4R 4h
AEFRNB ;L 2 ERKE; X, Z2URAR
GRS s b SR r AR IR AR T L
PREIE AR FRA /N TS T 28.9 mm),
SEAEOI RS /N T 35.71 mm HEH A SR S4B
a i/ N R B R sREL



5 6 ]

AT, % DR R0 S R f T 563

Contour Plot
Displacement(Mag)
Analysis system

7.032E+00

[ 6.251E+00 "

5.470E+00 f I

— 4.688E+00 | 54457

— 3.907E+00 Dynamic Max. Value = 7.032

= 3.125e+00

2.344E+00
1.563E+00
7.814€-01

0.000E+00

Max = 7.032E+00
Grids 54457
Min = 0.000E+00

(@) SRR AR = A

Contour Plot
Displacement(Mag)
Analysis system

4131E+01
[ 3.701E+01
3.271E+01
— 2841E+01

— 2410e+01
= 1.980E+01

1.550E+01
1.120E+01
6.898E+00

2.597E+00

5583
Dynamic Max. Value = 41.311

Max = 4.131E+01
Grids 25583

Min = 2.597E+00
Grids 89

(b) SRR R R = 8]

2D & 3D)vonMises, Max)

23756402
[ 21ec
18476402
— 15846402
T 13206402
& 10566402 1799

7.9186+01 namic Max. Value = 237.533
Ceon
2.639€+01
1.436€-12
Max = 2.3756+02
. v 12
Grids 1533046
Sk S ) 2
(c) NVAPSN

(d) AR SZBRIRFRR J) =

B4 EREILRTABEO=E
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Tab.6 Variable thickness rounding results
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Tab.7 Results of static analysis before and after

optimization
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