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Primary Resonances of Suspended Cables under Simultaneously

Mid-span and End Excitations”

Yu Sentao  Sun Ceshi’  Yi Ming
(College of Civil Engineering ,» Chongqing Jiaotong University, Chongqing 400074, China)

Abstract Cable structures, characterized by their low mass, low stiffness, and low damping, are prone to lat-
eral vibrations under various excitations, which can significantly affect the safety, usability, and lifespan of the
structure, To investigate the combined effects of mid-span and end excitations on the primary resonance of sus-
pended cables, the dimensionless differential governing equations are derived, and the geometric nonlin-
earity is considered. The Galerkin method is employed to obtain discrete ordinary differential equations,
which are then solved using the multiple scales method. The study explores the influence of different ra-
tios of mid-span to end excitation amplitudes, different phase differences between mid-span and end exci-
tations, and different positions of mid-span excitations on the primary resonance of suspended cables. It
is found that these parameters do not alter the characteristic of the primary response-frequency curves.
However, the amplitude ratio and phase difference result in shifts in the branches of the curves., and the
smaller the amplitude or the closer the phase difference to n, the weaker the primary resonance of the ca-
ble. Changes in the position of mid-span excitation cause simultaneous translation and rotation of the

phase-frequency curve, and the closer it is to the end excitation, the larger the system response.
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Fig. 2 Frequency-response curves at different amplitude ratios
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Fig. 4 Frequency-response curves with different phase differences

i i,

1}

—— 0,04
—0 0= ||
—— 0, -03/4

0 S— AT

-5 04 03 02 0.1 0 01 02 03 04 05

[e2

&5 ANTR) AL 22 T B A 5300 107 It 26

Fig.5 Phase-frequency curves with different phase differences

2.3 HEREUR4E R AL E X 4R 3h e 52 BY 52 01

5 ) b U Rl B BEAEL R £, = 0. 0001, ] AH {37
H @ =0, Ui B R AE A v, = 0. 0001, #J AH 37

K., =/ 4. il W AR R B A A =1, A
RO B VE A BN A=0.1 & A =0.9 254k, BF
FE B AR A LR o 7 i S U8R A R AR R G R
g2 R 187 7 R e N R (S0 v il N DIV PR e N ek
WA A A £ L A& 6 BT s, AT AT, 24 b i Y
7 BB RE S A =1, R vl 05 384 sl R0 o 50 354l o 2 3
M 7 0 78 RS, I L A 98l A0 R R 42 5l 0 B, P R
T4 Bl 1) VB FEASE T R AT it 286 1 S ik B

0.01 : .
0.000 :tg; 1
0.008 F :tgg 1
0.007} — =09 |
0.006 |

0,005
0.004
0.003
0.002
0.001 |

%.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2
{5 %
ESIC I N b 1 R A il ST R A S
Fig. 6 Frequency-response curves at different central

excitation positions

Pt 2 AR A 4L A 7 TR, BT 7
5 T2 AT B A R S 38 Dl A S i S D T
FRAEAFAE AR L 3 AU 2 1) B IR a5 AR 2 P i
ANEIAE DL 1k — 20 L AR it 2 Y 22 (R DX TR1 9 K i i
S B2 8D A0 23 52 Wi ) R JRE U533, I G2 o T A+ A
HHESEON

— =01 | 1
— =03
e A=0.5
— =07 | ]
— =09

0 s L L L s s s L L
-5 04 03 02 01 0 01 02 03 04 05

[e2

V7 AT S8l A7 T 4 i i %

Fig. 7 Phase-frequency curves at different excitation positions

3 #i
(1) 32 w3 58 il R0 i 08 94 D 36 [ A FH 9 B

VARl L A A 22 DA R e RS Rl 4 7 1A
A8 W A i e ) AR P I



51

ARARVG A P R WA T B R Y 32 R e 39

(2) 2 T AR P A1 T 8 3 B b I o S R g
IS AR Dl 114 1 L L AR A, S R D L L A AR 07 K
L 1] J5 2080 A B BR A 07 e 802, D B o 9 38Dl o
T8 R T IR WA 4 R 0 AR 58 i ¢S 8 D S A P
24 H IS Al R i S R B AR S 25 O e B B Y TR
O 0 (LR A 7 AR 87 32k B 5 /) » 2 3 AR 67 22 Ji
LIPS NIUE B EPVE| 54 ER1 PN

(3214 v 750 388 Dl I S 0 984 Dl o R Y IR
Sy W) IO 8 55 0 P A S R ) A AR

2 % 3k

(1] REEZE, R4, ST, CFRP RAFHLREW N A

MRS R S BT ], W R R (A R F
R, 2016, 43(9): 18— 25.
KANG H J, XIE W D, GUO T D. Modeling and
parameters analysis on in-plane free vibration of ca-
ble-stayed beam [J]. Journal of Hunan University
(Natural Sciences), 2016, 43(9): 18 —25. (in Chi-
nese)

[2] CONGY Y. KANG HJ, GUO T D. Planar multi-
modal 1 ¢ 2 ¢ 2 internal resonance analysis of cable-
stayed bridge [J]. Mechanical Systems and Signal
Processing, 2019, 120: 505—523.

[3] GUO T D, REGA G. Modal dynamics of boundary-
interior coupled structures. Part 1: a general ap-
proach using components Green’s function [J]. Me-
chanical Systems and Signal Processing, 2021, 149.
107230.

(4]  SBERT . RRIEZ, FiEfe, & TRR&SWI Y.

ﬂlﬁéié‘rﬁz@ffﬁ%éﬁﬁ[ﬂ. 1255k, 2016, 38(2):
119—125.
GUO T D, KANG H J, WANG L H, et al. Dy-
namics of engineering cable: nonlinear modelling and
analysis [ J]. Mechanics in Engineering, 2016, 38
(2): 119—125. (in Chinese)

(5] MRBR, HEREZ, MET . 4. CFRP RFHHT N

§| mﬂﬁ@ﬂ@%%%&ﬁi&*&ﬁﬁ*ﬁ[ﬂ. BRI ]
Pl A, 2017, 15(6): 494—504.
CONG Y Y, KANG H]J, GUO T D, etal. A mul-
tiple cable-beam model and modal analysis on in-
plane free vibration of cable-stayed bridge with
CFRP cables [J]. Journal of Dynamics and Control,
2017, 15(6): 494—504. (in Chinese)

[6] X Bkuk, PN, 5 R A A Xk s 50 80l Ak 2R 3L
Wi NS ], THEE T3 . 2017, 34(5): 644 —

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

649.
ZHAO Y B, SUN C S. Temperature effects on the
resonance responses of stay cables under support ex-
citation [J]. Chinese Journal of Computational Me-
chanics, 2017, 34(5): 644—649.
JRJEE AL R BR T 9% W . 2 B 2l R0 3 ik 2 iR
Tﬁt’t&%’ﬂ@ﬁw#%‘@ﬂﬁﬁ][]]. SR PN ek
CH AR ,2011,42(08) : 2439 — 2445,
KANG H J, ZHAO Y Y, JIANG L Z.

(in Chinese)

In-plane
nonlinear vibration of super long stay cables under
parametric and forced excitations [ J]. Journal of
Central South University (Science and Technology) ,
2011,42(8):2439—2445. (in Chinese)
ZUE, PN, R, S R AR A L 22 X B R T
Bz kiR w52 04 5 ) [T, 2y om 5 o 4k
2023, 21(4) . 67—75.
1C, SUNCS, ZHAO B H. Influence of end exci-
tation phase difference on subharmonic resonant of
suspended cable [J]. Journal of Dynamics and Con-
trol, 2023, 21(4). 67—75.
ZAGHARI B, RUSTIGHI E, TEHRANI M G.

(in Chinese)

Dynamic response of a nonlinear parametrically ex-
cited system subject to harmonic base excitation
[J]1. Journal of Physics:
744. 012125,

ZAGHARI B, RUSTIGHI E, GHANDCHI TE-

Conference Series, 2016,

HRANI M. Phase dependent nonlinear paramet-
rically excited systems [J]. Journal of Vibration and
Control, 2019, 25(3): 497—505.

EL-ATTAR M, GHOBARAH A, AZIZ T S. Non-
linear cable response to multiple support periodic ex-
citation [J]. Engineering Structures, 2000, 22(10) :
1301—1312.

QIN Q X, TU X, HU Y J, et al. Modeling and
loading effect of wind on long-span cross-rope sus-
pended overhead line with suspension insulator [J].
Buildings, 2024, 14(3): 656.

WANG L H, ZHAO Y Y. Large amplitude motion
mechanism and non-planar vibration character of
stay cables subject to the support motions [J]. Jour-
nal of Sound and Vibration, 2009, 327(1/2): 121—
133.

EiZE. DR IAERE M I ) R AR
PERREREFELT ], 3 s 2 S H 24, 2023, 21(4) .
41—47,

WANG Z Q. Study on dynamic characteristics and

nonlinear characteristics of multi-cable single beam



40

8 %

5 &

E

2025 4R 23 &

[15]

[16]

[17]

(18]

coupled structures [J]. Journal of Dynamics and
Control, 2023, 21(4): 41—47. (in Chinese)
RBkvk, 228, i A Ak B F 3 LR R R 43
BrlIl. $kah 5 b, 2017, 36(15): 240—244.
ZHAO Y B, PENG ]. Effects of temperature chan-
ges on primary resonances of suspended cables [J].
Journal of Vibration and Shock, 2017, 36 (15):
240—244. (in Chinese)

ZHANG W, TANG Y. Global dynamics of the ca-
ble under combined parametrical and external excita-
tions [ J]. International Journal of Non-Linear Me-
chanics, 2002, 37(3): 505—526.

Mrok A, VA, 5145, RERLR 52 4wl U 51 1Y
HHNSEARZ AT ]. R TR A4, 2002, 15
(2): 144—150.

CHEN S' S, SUN B N, HU ]J. Analysis of stayed-
cable vibration caused by axial excitation [ J]. Jour-
nal of Vibration Engineering, 2002, 15(2). 144 —
150. (in Chinese)

BRA 1, XBE k. 4R i i 4R 4E T & R i B R oy
Tl st G545, 2007, 5(4): 350—354.

[19]

[20]

[21]

[22]

CHEN Z L, DENG R J. Primary resonance analysis
on suspension cable system with a concentrated load
[J]. Journal of Dynamics and Control, 2007, 5(4) ;
350—354. (in Chinese)

CHEN SM, CHEN Z L, LUO Y S. Non-linear dy-
namics analysis of in-plane motion for suspended ca-
ble under concentrated load [J]. Journal of Central
South University of Technology, 2008, 15(1): 192
—196.

ZHANG L F, YANG S, CHEN F, et al. Paramet-
ric dynamic analysis of a double-hanger system via
rigid cross-ties in suspension bridges [J]. Struc-
tures, 2022, 37: 849—857.

JE A BE L i PSRl A 57 25 o8 AL 4% R T AR A R )
FE[D]. EPX: HEPRAZERY, 2020.

TANG J Q. Research on the effect of end excitation
phase difference on the response characteristics of
stay cables [D]. Chongqing: Chongqing Jiaotong U-
niversity, 2020. (in Chinese)

IRVINE H M. Cable structures| M]. Cambridge:
MIT Press, 1981, 1—152.



