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Abstract - The nonlinear oscillation and vibration occurring on a Tele communication Antenna system is studied in this 
research.  For a quantitative investigation for the behavior and stability of the nonlinear system, the physical and 
mathematical models are established in the research. Various system parameter such as the angle of support and wind speed 
are considered. The system highly reflects the practical engineering application in the Telecommunication antenna, with the 
same concept to support the Antenna on rigid vertical rod there are cables to minimize the vibration due to wind generated 
on the system.  Behavior of motion of nonlinear systems, such as periodicity, non-periodicity and chaos are investigated with 

the help of a newly developed P-R method rather than using conventional numerical method. Periodicity range for the 
responses of the system is identified, which is significant for a thorough and quantitative comprehension of the behavior of 
the system. 
 

Keywords - Nonlinear dynamic systems, nonlinear behavior diagnosis, periodicity-ratio, telecommunication antenna, chaos 

 

I. INTRODUCTION 

 

Stability and behavior are the most important 

characteristics for any kind of nonlinear vibrating 

systems [1]. Many definitions suggest that the 

stability depends on the kind of system. Ideally 

system is said to be asymptotically stable if its free-

vibration response approaches zero as time tends to 

towards infinity. System is also said to be stable if it 

free-vibration response neither decays or grows, but 

remains constant or oscillates as time approaches 

infinity.  

 
Telecommunication antennas are widely used in 

telecommunication industries and their stability and 

behaviors corresponding to the external excitations 

(such as wind) are critical to the telecommunication 

quality and the operational life of the antennas. The 

dynamic behavior of telecommunication antennas 

subjected to external excitations have attracted 

immense attention from researchers and engineers 

[2,3,4]. For diagnosing and analyzing the nonlinear 

behavior of an elastic structure, such as 

telecommunication antennas, Lyapunov Exponent 
method has beenextensively used in the field. 

Nevertheless, the newly developed Periodicity-Ratio 

(P-R) approach shows advantages over the Lyapunov 

Exponent method [1]. The advantages, especially the 

quantification of periodicity of the elastic structures 

subjected to varying external excitations, are 

beneficial for characterizing the nonlinear behaviors 

of the telecommunication antennas. In this research, 

with the implementation of the P-R approach, the 

stability and nonlinear vibratory behavior of a 

telecommunication antenna systemare to be 

investigated.  

The physical model of the antenna system is shown in 
Fig. 1. The antenna is assumed to be placed vertically 

on the surface of ground and has cableguyed on both 

sides to give the stability for the antenna in all 

condition irrespective of wind and any other external 

motion. 

 
Here we are considering the telecommunication 

antenna how it is attached with the cables as support 

for vibration due to wind or any other external force. 

The tower of the antenna is considered as rigid body 

on the surface. The focus of the research is on how 

the antenna tower acts in terms of vibration-

oscillation against the wind. 
 

II. MATHEMATICAL MODELLING 

 

The antenna tower considered is assumed as 

supported by cable with ∅=450 angle with the tower 

and the force is considered as constantly acting on the 

system due to wind pressure. For the tower, 

designates „m‟ as the mass, and „l‟ as the length. 

Assuming the cable is unstretched when the bar is 

vertical.  
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When the tower is being displaced by an angle „θ‟ 
subjected to an external excitation, the cable force 

acting in each cable is given  k. lsin ∅. The total cable 

force is 2 k. lsin ∅. The gravitational force acting on 

the tower which acts vertically downward through the 

center of gravity G will be  W = m. g  . Moment of 

tower due to angular acceleration θ  at the base of the 

tower will be given as (m. l2/3) θ .The external force 

due to wind or other disturbance is Pm sin ωt  acting 

on the top of the tower.  

Some assumptions made during considering the 

system: 

 Generally, the antenna has around 4 cables 

attached to its support, we consider the vibratory 

motion of the tower in the plane of the wind. 

 The external force acting on the tower is 

considered sinusoidal. 

 𝑃𝑚  is the maximum amplitude of the force acting 
on the system. 

With all the considerations and assumptions above, 

the nonlinear governing equation for the antenna 
system can be derived in the form as shown below 

[5].  
m.l2

3
θ +  2k. l. sin∅ l cosθ −  

m.g.l

2
sinθ = Pm sin ωt  

  (1) 

which can be simplified further as, 

θ =
3.Pm

m .l2 sin ωt −
6.k

m
(sin 45) cosθ + 

m.g.l

2
sinθ 

   (2) 

For the nonlinear system described by the governing 

equation above, we implement the parameters for the 

following two cases: 

a. the length of tower l = 1m , mass (m) of the 

tower 200kg, the cable constant of 500 N/m, 

gravity 9.81 m/s2, initial velocity 5m/s, ω =
10rad/s, and ∅=450 

b. l = 0.5m, mass (m) of the tower 900kg, the cable 

constant 1500 N/m, gravity 9.81 m/s2,initial 

velocity 0.5m/s, ω = 10rad/s, and∅=600. 

With employment of the governing equations for the 
antenna system, the behavior of the system can be 

analyzed with graphical tools such as wave curves, 

phase diagrams and Poincare maps.  

Fig. 3(a) and Fig. 3(b) illustrate the wave curves of 

the cases (a) and (b). 

 
 

As can be seen from the figures, the wave curves are 

significantly affected the system parameters and 

initial conditions.  
 

 
 

However, the cases considered are very close to 

periodic motion. This may be seen in the phase 

diagram as shown in Fig. 4.Some chaotic cases are 

also found as shown in the Poincare map Fig.  5. 

 

III. NONLINEAR BEHAVIOR 

CHARACTERIZATION 

 

The Periodicity-Ratio (P-R) approach is implemented 

in the present research [1], for characterizing the 

nonlinear behaviors of the telecommunication 

antenna system. The P-R value is determined by the 

perfect periodic points with respect to the total points 

generated for a Poincare map. The number of 

periodic points with an identical time span in the kth 

group can be determined by employing the following 

formula. 

ξ i =   Q Tk,h − Tk,h+1 

q−1

h=i

 P  Q Tk,h

q−1

h=i

− Tk,h+1 − 1  

+P  Q  Q Tk,h − Tk,h+1 
q−1
h=i   . (3) 

The total number of periodic points in the kth set can 

be given by 

 ɸ k = ξ 1 +  ξ i 
q−1
i=2 P   Tk,h −

i−1
h=1

Tk,h+1  .                     (4) 

The total number of periodic overlapping points 

(NPP) is expressible as: 

NPP =  ɸ k 
j
k=1 .                                                     

(5) 

Thus, the P-R value can be defined as 

γ = limn→∞

NPP

n
.                                                  (6) 

For a completely periodic system, all the points in the 

Poincare map are overlapping points, and the P-R 

value γ  equals to 1. For a completely nonperiodic 

case, γ equals zero, and the system is quasiperiodic or 

chaotic. 

With the implementation of the P-R approach, a 

diagram shows the periodic, irregular and chaotic 

cases of a system, which is plotted as shown in Fig. 6, 

per the characterization with implementation of the P-

R values. In the periodic-irregular-chaotic region 

diagram, m is the mass, l is the length,black 

plusesdedicate periodic cases, blue 

diamondsrepresent irregular cases, and red starsare 

chaotic cases. It should be noticed that the irregular 

cases are those with P-R values in the range of 0 < γ< 
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1.0, not including zero and one. The irregular cases 

are neither perfect periodic nor perfect chaotic. With 
the help of the diagram showing in Fig. 6, the 

periodic zones, corresponding to the two system 

parameters, can be conveniently located. These 

periodic zones are also the stable zones for the 

antenna system. 

 
Fig. 6 Periodic-irregular-chaotic region diagram, where m is 

the mass, l is the lengthof the telecommunication antenna 

 

As can be seen from the structure of the diagram 
shown in Fig. 6, the periodic and nonlinear behavior 

of the antenna system can be easily identified 

corresponding to the system parameters, m and l. 

Although, only the two parameters, m and l, are 

considered for this case, the other system parameters 

may also be considered in plotting such periodic-

irregular-chaotic region diagram [6]. 

 

 

 

 

 

 

 

 

IV. CONCLUSION 

 
The present research investigates the nonlinear 

behavior of a telecommunication antenna. To study 

the oscillatory behavior of the antenna towersubjected 

to wind pressure, which is constantly acting on it, a 

nonlinear model is established. A newly developed P-

T method [1] is employed for carrying out the 

numerical calculation with the model of the antenna 

system. Periodic, irregular and chaotic cases are 

found for the system subjected to the excitation of the 

wind pressure. If should be noticed that the P-R value 

helps to understand the responses of the system even 

if the system is not completely periodic or chaotic, 
which was not possible by using conventional 

methods.  

 

The research provides an efficient methodology for 

comprehending the nonlinear behavior and the 

stability of the telecommunication antenna.  
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