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Static and wind-induced vibration response of large-span flexible
photovoltaic support with saddle-shaped cable net supporting

WANG Jing-hui. SU Liang. OU Yi-hong

(Space Structures Research Center s Zhejiang University s Hangzhou 310058, China)

Abstract: A large-span flexible photovoltaic (PV) support with saddle-shaped cable net supporting is
proposed. It can surpass the current flexible PV support span up to 100 m level. Firstly, the components
of the flexible PV support are presented, along with the pertinent design criteria. Based on the proposed
design criteria, the parametric design was carried out by ANSYS for spans of 40 ~100 m. The basic
structural model for a span of 60X 60 m was selected to explore the effects of the inclination angle of the
PV panel and the rise-span ratio of the saddle-shaped cable net on the static response of the structure. The
structural self-vibration characteristics were also analyzed. Additionally, a wind-induced vibration time
history analysis was conducted on the basic structural model to investigate the structural wind vibration
response under different PV panel inclination angles and basic wind pressures. The results of the analysis
indicate that the inclination angles of the PV panel exert the greatest influence on the force of longitudinal
stabilizing strain, while the rise-span ratio of the saddle-shaped cable net has the greatest influence on the
load-bearing cable force. The rise-span ratios of the load-bearing cables and stabilizing cables of the saddle-
shaped cable net are advised to be 1/15~1/20 and 1/18 ~1/25 respectively, considering the structural

safety and cost. Furthermore, in accordance with the design focus, the wind-induced vibration coefficient
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of internal force of the rectangular saddle-shaped cable net under positive and negative winds can be taken

as 1. 4 and 4, respectively, while the wind-induced vibration coefficient of displacement of the upper

horizontal module cables can be taken as 1. 8. The design and analysis process, as well as the results of the

structure, can be utilized as a reference for practical engineering applications.

Key words: flexible photovoltaic support; saddle-shaped cable net; structural design; static characteristics;

wind-induced vibration response

B D6 AR R il A TR RS R A A B T A
1922 3 S 3t 4 5K 5L 6 AR vl st 9 St 1R 9 R )
L M e 3 L I BE R It 45 9 e A SR 2 I 2R AR T
e GE NI G AR SCH N T e o 32 B T 2 PO AR S5
PR 37 Ml 3 7 BE D 58 T SR G 28 | s TR TR
1o A B/ S O 0% T e TR I v 32 2 bR

TR AR a5 I8 X E 2 o )2 B R A
FXUZ M FHAT . © A A 2 5 5 X X M2E 24
JCARSCIRIT I T # 3 I PEREWF T, R R AL
a7 B 2R M S B R RER
TR SR i B R S A . #EOC Sl T
JERR AR 1) i A BRTAE Y, I 38 i KB i
SR TR L T A5 A TR AL B BT BT D7 Tk kAR
AL 3 2o D A AR AR XU s A B T A W A B T
JE R MDA ST W Y XU 73 A FIAR R B9 03 7%
DR 28550 AR AR50 AT o B S SRR I 1) S B g B %
AR EMCIR AT T B A2 E 1k fE 150 F 5.
TRET SRR NITES I T R R R
£ A R R 280 43 T R B DU o R 550 BIF 5
T PIHENBS RATARF R C R SR A ARk A 72
P R ) 7 AR L A AR R B R R R AT RO R 3
ZUPEAT T WIR B 43 BT He %501 58 it A B T 43
Fr AR 544 2 1A R S 80T B2 R S R
IR SCHRE B 254 8 PR i 0 A AR XA e

FAE G AR SCHREE K % A Ay 2 U LS
TR A DXL P 7 Y A AR R A e X R R R
T AR S AR AT WUAR 3 B 45 1 45 4 B 2 R T
25 miF AR ) VHERE LT R O 2 O, IR
ISR B T OR R T 25 m. R K AS U5l g 4y
A R TR ) B R O IR SR 5 B i 60 m
I LR AT G 1 0 R BT R, B R
GG AR S S A Y B B — A 10 ~
30 m. Pt R ARG IR SCHLH SR 2 15 38 S A B
B, BB B — R T 40 m. R X Al A BB
2 o LB A 8] 7R L DA 3 25 Akt il T Y T A
L T AR A () B ] 2 T EORE PR A 8] R R AT B
R TRV T R SR e 9 3 S i (45 n M T

ZEA 8 25 T AS i B0 0k B o ) 57 R Y R T B
S TR LA B K A5 ), 3 T BE R R R R R
N T G BRAT ZE Nk G AR ST ARG K 1Y 85 5 SRy BR L mT LA
B RS 5 s 1) 45 K T Y 3 T3 0 T R R BB AR S
SRR AR T AR )y AR SR R B R AR E R
TEASTE W B A 7 o R A NI E v L T A D Dl AR
LLOF I SR R AET DT

AR SCORE R W SOR S5 M A BT K SRBL BRI
R RPN T AT ES USRS (AN
ey o ¥ By 885 T 2R ) 1 235 A I A AT ol S AR SR
9 15 BE S M 40 o, IX B R G S WF 53X b T B 22
PEICAR SO EEHY Y FEAS F1 2 PERE A SCR AT ANSY'S
A BRTTHAE X S5 AR R 4T T 0 I 93 M B 25 o A
ARIIR 5 A 70 A I 2R 1 8 0 S 8O0 S5k o
JRUHIR A 57 ) 52 e R A S A 309 A 552 B TR N A R
2%,

BN L ATITENE PSS S RN L

1.1 ZHEK

K5 5 T 2R N SR R PR S F 2 T )2
FEE S 5 T 2R v ] 18 o) S AT L B R AR LR
DA R A R AR (B 1), 45 PR 3 R 17 8] B
A, AR E R R E R IR BT B H P 1Y D R
D FH T B8 SR 5 ] s [ 3 AT Y O 0 L 43 0l S
T2 B TR M N E R KA R A AR e LR
FHIZE 5 7K A A 0 55 B ) i 7, 188 1) 32 #°F 4 )
WAL 2 2 5 ) B R R E PR SR E R
— ARV SR . SR A W A 0 T ) 2 A A
MIPIIE KA ER b B — R B AR s
HEE BH — 30 K om HEn FIERFEH], K 2
PR,

MR AR Z T3 AR AE ARG AR A b i A
AL EEARKPANR L R FAEREE R
e [R] e [ 3 AT, o] RS ) 3% AR g ey 2 0 i AL 0
2T 2 T R W YT AL K KO 48 03 AL
YN FE PR R AR I TG % B R



%1 IRE.F. REDLBGEMIAREFRLRIEGH DA R0 5 H 47

od=

TR E DL KPR

oY=

LT

B1 AXESBEEMIREEERIREMAR

Fig.1 Structural composition of large-span flexible photovoltaic support with saddle-shaped cable net supporting
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Fig. 2 Photovoltaic array
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Fig. 3 Finite element model
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Table 2 Distribution factor of snow pressure on photovolta-

ic panels
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Fig.4 Loads on photovoltaic panels
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Table 3 Load effect combination
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Fig.5 Cable diameter and prestress at different spans
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Maximum cable force at different photovoltaic

panel inclination angles
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