57T 3 X E B I X % % IR Vol.57 No.3
2026 4 5 H JOURNAL OF TAIYUAN UNIVERSITY OF TECHNOLOGY May 2026

Sl AR B, R E . R R AT VOISR BT S EHr )], KRBUBE TR 2 27410, 2026, 57(3)
649-659.
LI Zhenxing, ZHAI Jianqiang, WU Caixia, et al. Design parameters analysis of single-layer cable flexible

photovoltaic support structure[ J]. Journal of Taiyuan University of Technology, 2026,57(3) : 649-659.

WRIRF R RN R B2 B b

FRXLEABRLAVE LCEHE LK OB GRS AHEKES
Lo S BT 1L 4 sy 0B 5 R 0 0L 0 ARG 2. KR Tk A TS5 B L L1 A
3. A TR B P L 7 20 T 9200 % L A

W ENEHMISIAELERZAEZRARIREMS AT, A E R R TR
F R e TR AR e A [ FF3E)AE i 2% 0ME B Ok kR ik 3 KUY A2 R R A PR T AR A 5 50 T
RE R A B EHRAITIRS RS ARG FeF A o, Pk oW T R8s e .
R BB A SR Iew B e Hoea, iR T IR R F S oM ES A
oy Aol b kAT T B 2w Bad BT b o AT NS R Y AT 45 R AW < 56 e R A 46 TR S MR G He
TEHEMRE, AETEMIAFR RBEAY AL HREEZHTAMMN EZR FT ;LR R
FoM R IR M E L 10~30 m B, 2 25 M E R G KR A BB 1.58~1.77, i K é K3k &
A 1.68~1.81, WA EZ Iz RIRE G RA NG N, 2 L2H FEE AR EHFT S,
B RARAY B T, HIIE R R A 15~20 m; R E AT M AR LT IB A A — B va, AR AR 8
KBS E K KRR AR TR E MG RIRE R N A L EK T XA H R R A2 %)
PAEFe ARG X R YA R, AT 4 M e R R R i Rt R AF R R E .

KERIR AR IR AR AR RIS A a  # R e

FESZES: TU3LZ. 1 SCEEERIZED A

DOI: 10.16355/j.tyut.1007-9432.20240196 EHS :1007-9432(2026)03-0649-11

Design Parameters Analysis of Single-Layer Cable Flexible
Photovoltaic Support Structure

LI Zhenxing', ZHAI Jiangiang', WU Caixia', WANG Yanjun', ZHANG Peng/,
JIANG Shuning’, GUO Zhaosheng™’
(1. Shanxi Electric Power Survey and Design Institute Co. , Lid. , China Energy Construction Group , Taiyuan,
Shanxi, China; 2. College of Civil Engineering, Taiyuan University of Technology, Taiyuan, Shanxi, China;

3. Shanxi Key Laboratory of Civil Engineering Disaster Prevention and Control, Taiyuan, Shanxi, China)

Abstract:[Purposes] In order to study the stress and deformation of single-layer cable flexible
photovoltaic bracket structure, the linear filter method is used to simulate the pulsating wind time his-
tory, and the finite element software is used to conduct the pulsating wind dynamic time history and
equivalent static analyses of the structure with different design parameters. [Methods] The effects of
initial prestress of the cable, span of the cable, and angles of the high and low span on the wind vibra-
tion response of the structure were analyzed. The wind vibration coefficient was calculated. On the ba-

sis of dynamic analysis, a more detailed parameter comparison analysis was made for the equivalent
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static analysis. [Results] The analysis results show that the application of initial prestress greatly in-
creases the structural stiffness and changes the dynamic characteristics of the structure. Cable span is
the main factor affecting the calculation value of structural wind vibration coefficient. When the span of
single—layer cable flexible photovoltaic support structure is 10~30 m, the wind vibration coefficient of
the structure is recommended to be 1.58~1.77 in the positive direction and 1.68~1.81 in the negative
direction. Reducing the span is the most effective way to control the cable deflection, but too small
span will make the number of steel columns too much, resulting in steel waste. Thus, it is recom-
mended that the span is selected at 15~20 m. Temperature has a certain effect on the overall deforma-
tion of the structure, and low temperature can reduce the vertical deformation of the cable. Changing
the angle of the support has little effect on the cable deflection, cable force, and horizontal support re-
action of the flexible photovoltaic structure, but it has obvious effect on the vertical support reaction of
the middle column and the end column. Special attention should be paid to the design of the structural
foundation.

Keywords: flexible photovoltaic bracket; single cable system; wind—induced vibration coeffi—cient;
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Fig.3 Time history diagram of fluctuating wind speed

107 T

Ty 85 /(m® s~ )
=

107 10 10" 10° 10'
Wi#/Hz
B4 IREE 5 Davenport 3 b

Fig.4 Comparison of simulated wind speed spectrum with Davenport

6

5 =
z
s 4 g
5 2
o2
£ :

0f j

71 1 1 ; 1 1
0 20 40 60 80 100 120

o [F /s
E5 BkSIRTHA R %
Fig.5 Time history curves of fluctuating wind load

2.2 RiRFRHITHE

Xf LR R AR AR AR R L R AL
B IRV 22 BOHT L for 28 RUIIR R B0 A EE L 45 R K
I ZHCH 45K Ik 2 AL 7% e 1 5 45 4 5 R #%
Wi 57 F9 HE AR, 7T R LR BB



652 KJF B TR 2% 2% i %57 &
9 Y D SRR 22 T Al N T R AR TN ) A9 2k Bl
Hwi im0 Ak Sk A B TN 1 RN AR 1 [R) R, R AE
ﬂdi:ﬂwﬁmﬁ Owi . (2) R MR SE R, BRAT AR b X 2 4 A W BE S ) L A
Hrowi 15N N B o T o D M = T B B A B N NS

B R AUE KU R R B B R A UL
i) KA 3R 805 o R IE RS WA T, - I AL S
U (B PR, AR Al gt 3R 435 4 7 280 9 91 ) (GB50009—
2012, AT B 2.5 2, A 740 s el ksl KU AT 2651 A 1 Ao
B VY E 5 0., R 7T 0 H K Bl KA 285 1S 19 2 4% o 1
ZE 5o N TR R RT3 LR P 1 R
2.3 UHR MG B 43 #r
TRERPHRERAFZHOCR LR B S FE
R FE RPN TN ST KN B CRAR RS A5

5 5, DA B L b S5 A T S 8 v AR B X 4 g XA ) i
BOSZ IR L 3 ) A S A ) T 0 B 7 I AR A B R R 4
FE AR FR S B 20 m RAR | WO FN g Ry OCH S8R otk
2).80,100,120,140.160,180,200 kN { #i % ; F
PR FF 80 kN T i J) AN AE | A5 fk 5 B 2 10.15.17.5.,
20.25.30 m AR B 5 o S PR HE B R R TN ) RO
A R R RARES 5K I Mo 00,57 107 157 Akt
FEAs iy, i A 2 CD AT 2 (2) 3R 15 Bk 3h KU K AE#%
e B T K45 T O A RIC BT 1.

F1 BEHHAITRZ AN

Table 1  Dynamic response of each dynamic condition
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17.5 m-0 kN 0.002 06 0.002 06 — — — — — —
17.5 m-80 kN 1.891 1.982 220.54 136.60 -276.47 -158.07 1.61 1.75
17.5 m-100 kN 2.089 2.215 183.86 113.44 -236.14 -132.06 1.62 1.79
17.5 m-120 kN 2.261 2.426 155.18 96.58 -203.54 -112.73 1.61 1.81
17.5 m-140 kN 2.412 2.621 135.44 83.91 -178.19 -98.03 1.61 1.82
17.5 m—-160 kN 2.626 2.911 111.84 69.32 -147.31 -80.76 1.61 1.82
17.5 m-180 kN 2.752 3.087 100.26 62.03 -131.85 -72.12 1.62 1.83
17.5 m-200 kN 2.867 3.253 90.21 56.14 -119.14 -65.09 1.61 1.83
10 m—-80 kN 3.301 3.585 -59.66 33.78 -71.53 -39.45 1.77 1.81
15 m-80 kN 2.213 2.339 -150.62 92.02 -193.97 -107.10 1.64 1.81
17.5 m-80 kN 1.891 1.982 220.54 136.60 -276.47 -158.07 1.61 1.75
20 m-80 kN 1.645 1.712 -297.13 181.66 -357.15 -208.65 1.64 1.71
25 m-80 kN 1.293 1.333 -370.35 286.11 -453.94 -325.44 1.59 1.69
30 m-80 kN 1.054 1.079 -658.68 415.71 -786.43 -467.53 1.58 1.68
17.5 m=80 kN-0° 1.891 1.982 220.54 136.60 -276.47 -158.07 1.61 1.75
17.5 m-80 kN-5° 1.887 1.978 -222.10 138.34 -274.29 -155.85 1.61 1.76
17.5 m—-80 kN-10° 1.877 1.964 -223.01 139.29 -272.55 -153.80 1.60 1.77
17.5 m—=80 kN-15° 1.861 1.939 -223.97 140.42 -269.74 -151.28 1.60 1.78
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Fig.7 Comparisons of structural wind vibration response under prestressed change
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Fig.8 Comparisons of structural wind response with span change
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Fig.11 Finite element model of flexible photovoltaic support
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Fig.12 Cable deformation diagram with different working conditions
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Fig.13 Comparison of main cable responses with different prestresses
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Fig.14 Comparison of main cable responses at different temperatures
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Fig.15 Comparison of main cable responses with different spans
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Fig.17 Comparison of main cable responses with different height differences
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Fig.18 Comparison of bearing reaction forces with different height differences
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