® z T & F #

Journal of Vibration Engineering

o5 37 #4551
2024 45 H

Vol. 37 No. 5
May 2024

HERE T R R IR ARSI KRBT
iR 36 iff 5%

X B, EERXC, KRR, KO, E RS

(1A FIERRGE RS S g sl LR 1T 5 R L 2 E K E SR A % 050043;
2. A G BRIE KA 5 R0E TR 2 A R A R L d BOE R U L A K 0500435
3. A FEIE R AR TR, WL A K E 0500435 4. 47 K FERRIE KA AU TR 24 Be i db 7 % 050043
5.7 5k 24 R AR IR BB A BR A H], TLI5 H M 213363)

WE: TR RN & T EESOBR ARG, PR L REE LGB T IZ R . SRR R A
TAH BRI B BAR 7 R R T 78 5 h UL A% 3 R R B 4, NI IS R A5 MR o A T HE— 2D R AT it %4k )
B4 A A AR AL AR TT 90 3 e 5 B A 0 i XU 1 38 AT 2 5 4 1 R A b A BELJE 45 2 MO L e R sl 2R R Y 3
Wi, S3H TSl BELJE AT S0 W R B A X R B R A R . BRI, SO AR SR A L RS R R R I AL
58 19 BRI A RO, Bl BEL T A RSl I R R - Bk G IR S RSl S A A T RS B, R R A 1 728 A
B IZ R TR IS B A IR 3 B s L RO 0 412 0 7 S A T AT LA 2t PR o I i T T R i 45 ) A 5
1A I 5 XU 5 119 A< 30 2R Y TR 0 R Dl — 15°~207, O™ A B 20T 1 57 JXUSBE R w85 , o SR /DM Af 0 AT DR 4 I, 0

K KRR A BN 07

R : TN RE PR SO s R S 5 i 5K s BB e

FESZES: TU3LL.3; TK519 MEEAR SRS A
DOI:10.16385/j.cnki.issn.1004-4523.2024.05.012

[

R T e R R Ml A K B RE , B i K BH RE K HR
i, R ERAOGR SCARAF R Tz BN, H - F i
J2 H AT B I R ER OGRS B TR ERAY
i B bl ZOG R ALE I 3 h A gl PR S A 5 W
BERAR AR RIKK AT AR 2 5 | 41 1) 19 XUk
5B R IR BL R, AT 5 | DGR SR AR i
NS S TP

SR B OGRS 2R HL RS R AR AL EL AT
i AN R IR 2l B 52 7 B 9 XU 3l A A+ A
ZAb o AT TLAR [ A A 20 P B AR Bl )
1T MG 5 PR R T . E 545 R KU it
B W7 IS TR R as B, b T 5 S B
JE AR K 1 iR T A BB A A9 A2 AR R . XA 4R
SR XU 2 14 T vk DARE R 1Y AR B SR R T T
B B4 A 4 A SRR R IR . B K SE SR B
(ELREAU A 7 1 R 45 ) JC XA 858 490 i il o ~F Al
T THT £ S O A B S o B B AR B

% B #A: 2022-07-26; 1&1T H #3: 2022-11-03

XEHS: 1004-4523(2024)05-0838-09

PR 7 $E 0 TP R AR R R e sk T vp i
R ZLL— B WA R85, ksl 8 T A BR30, i [#
O B0 42 B T 8 1) 8 0 T 3 5 . Gaao S5 R FHTT BR
BRI R G50 M 1 BHJE RN EE 09 E Ze v Rk L e
AR I SR 8 5 v 0 — 25 43 W 1 4 R 0T BELJE
NI BE (52 . Cao 25738 i = 3h i 48 3K 45 19 L BHL e
ol 25 B A AU AT 1 B BELE 1 7 245 31 1 454 110
HUBBE JE L o 1 X1 B 3 5 AR S 28 <3l 2% A2 1 o
5%, Taylor 2" 5% FH KU I 56 5 %50 (8455 #0019 32k 0
W17 B AR ST HR A B 0 BB SRR RO, AR A i
Jeka IR T — RV AL S B G AR B 4 B3 XU e
B H T . Young SR EE AR LY Oy 15 B 5T
T AR P SRR S I S X, O 4R A
— 40"~ — 107 £ 7 Bl A, 1 5 2k 6 AR S 40 I 3 R
(SR RO R A -7 NN = e (T (A 2 75 s O
Ak S SRl 5 AR S 40 1% AR R R A 0 A 2 e
Martinez-Garcia %" 38 1 KU 320 48 BF 52 1 41 14 15%
PE T K T F S5 R B IR SRR IR B i
Ml KR o 3 A OGRS HR i H B A K LA AE
KRR T A& KA NSRS 4, He 57

HEEWB: Wb A RE2ARE LA R L % B H (E2021210053) o



o5

Lh3CH 4 AT T OGRS R RS R AR IR I S 5 839

o AU 32 56 BF 5 T % M AR S BRI KU T L
I 4 WY L HL % 4R B 22 L i 1 B sh il 2045 2 fe HE S
HE Z 180 A 3 B2 1 58 95 A R0 Ml B X 2SR B .
Tamura 558 33 P9 P 3 3 T A58 0 (7 A% Bifl XL 725 1k
BB 43 BT, 28 W 7 S X 1) A A9 A KU R 2 i
PR B 2 ARG K BB G o AT AR A KR A 58
BE R PLZE B 1 07 W58 T MR S 48 7 KA
BRI KR M B . Gong %8 SR XU 3 56 A1 5
B 25 A 9 7 R B9 T 28 H 5 Ik sl XU 45 A XL
A e B, A CE H R AR KRR I B R SR 0 KL ]
F 90T A PR AP . T AR SE R B R A [ A
F AT AT A RS RN R AR A TR il 2 A A 3 K
By 3 e 7 0 Fl 5 TR VS S A 30 T TS . SRR
SCHRE H BRI S 205 P SR S R AR
[, T 2 Bt ke 09 4R 3l T ORI 3l 1 Bt RO AR T
Xif 7 AR S AR X R B B O R iR B,
(ERES RS IEUNAETES ETIDIENS S 2

AN TR T4 B AR A 5T, T G AR SR e R
kb (35~50) 3 78 K T 47 82 (9~16) "5 55 4 F Bl e
RS 38 % R £ 35 TR (— 60°~60°) 1 378 K T 47F 42 4%
FA B4 XoF AL (— 5°~5) o

B 5 6 AR 41 1 K AL RSP L I Sk 11 1 AR
FE 7, S AR AR A MR B 5, 5[] s o A e AR S e
SRR AR A R Bk ik £ . P 187
TN R SR R A R B AR R S 5 W LR
R Sh I8 2R H e MR AR 3l , H i P9 AP S
Jetk SRR S R BRI 1 R T840, TC I AR b A
S-SR S SR B AR AR A I A, e R O AR A Ak
L H S SR RS St I X I st R 1 5

EIPS
Fig.1 The torsional aerodynamic instability of single-axis
PV tracker
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Fig.2 The single-axis PV tracker and its vibration characteristics
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Fig.3 Schematic diagram of single-axis PV tracker model test
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Fig.4 Torsional inertia equivalent model vibration test

system for PV panel
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Experimental investigation on the torsional aerodynamic instability
characteristics of single-axis PV trackers in smooth flow

MA Wen-yong"**, KANG Xiao-han’, ZHANG Xiao-bin’, CHEN Wei', TAN Qiang’
(1.State Key Laboratory of Mechanical Behavior and System Safety of Traffic Engineering Structures, Shijiazhuang Tiedao Uni-
versity, Shijiazhuang 050043, China; 2.Key Laboratory of Road and Railway Engineering Safety, Ministry of Education, Shijia-
zhuang Tiedao University, Shijiazhuang 050043, China; 3.School of Civil Engineering, Shijiazhuang Tiedao University, Shijia-
zhuang 050043, China; 4.School of Mechanical Engineering , Shijiazhuang Tiedao University , Shijiazhuang 050043, China ;
5.Jiangsu Guoqiang Singsun Energy Co., Ltd., Changzhou 213363, China)

Abstract: The power generation of single-axis PV trackers system is significantly higher than that of the fixed photovoltaic system,
making them widely used in recent years. The single-axis PV tracker is prone to torsional aerodynamic instability in the strong wind
condition due to its low torsional stiffness, resulting in structural damage. In order to understand the occurrence conditions and
mechanism of this vibration further, the present study investigates the influence of structural natural frequency, tilt angle, damping
ratio and other parameters on torsional aerodynamic instability through wind tunnel tests with elastic support. The variations of
aerodynamic damping and aerodynamic stiffness with wind speed and tilt angle are focused. The result shows torsional aerodynamic
instability of single-axis PV trackers shows strong aerodynamic coupling effect. The aerodynamic damping and aerodynamic stiff-
ness are significant parameters that can influence aerodynamic instability, which are sensitive to wind speed and tilt angle with self-
excited vibration characteristics. The increase in torsional stiffness can effectively limit the amplitude at certain tilt angles and im-
prove the critical wind speed of the structure at various tilt angles. The unstable tilt angle is approximately located in the range of
—15°~20°. Tt is suggested that a large tilt angle can be used to avoid aerodynamic instability in strong wind. When a small tilt an-

gle is inevitable, higher critical wind speed corresponds to a 0° tilt angle.
Key words: aerodynamic instability ; single-axis PV trackers; wind tunnel tests;critical wind speed ; aerodynamic damping

EE BN BICHE(1981—) B i+ ##z . HiE: (0311)87939488; E-mail: ma@stdu.edu.cn,



