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Abstract 

In this study, a device using dynamic absorber principle was designed and 
installed on the upper level of the meteorological tower in order to reduce the 
vibration of the meteorological tower.First of all, the first natural frequency 
moving to the right and left of the meteorological tower was obtained, and 
then the natural frequency of the vibration system consisting of mass, spring 
and damping was designed to be equal to the first natural frequency of the 
meteorological tower and then attached to the top of the meteorological 
tower.In order to investigate the vibration reduction performance, the dynamic 
behavior of the vibration tower with and without the vibration reduction 
device was simulated. The comparison result shows that the meteorological 
tower installed with vibration reduction device was highly effective in 
reducing vibration. 

Key words: dynamic characteristics; vibration analysis; dynamic absorber; 
vibration isolation 

 

1. INTRODUCTION  

Recently, climate change is proceeding rapidly. To predict this rapid climate change, 
it is necessary to measure temperature, humidity, wind speed and wind direction 
data[1]. Meteorological towers are very important for collecting wind speed and wind 
direction data in the wind power generation business and for predicting the efficiency 
of wind power generators before constructing wind farms[2]. Unlike general 
meteorological tower, the height of the tower is about 50 ~ 100m depending on the 
area. It is installed in a region with high wind speed, so it needs to be installed firmly 
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so that it is not shaken by the wind. The meteorological tower can be broadly divided 
into truss structure and pole structure. The meteorological tower assembled to truss 
structure is strong and light, ultimately making it suitable for a high-rise tower. 
However, it has a disadvantage of high construction cost due to its complicated 
structure. On the other hand, a pole structure has simple design and therefore 
inexpensive cost. But pole structure is heavy and less rigid than the trust type 
meteorological tower, which limits the construction of the super high rise 
meteorological tower. The limit of the pole type weather tower is improved by using 
the branch line and it is widely used for the construction of the wind power generation 
complex[3],[4]. Recently, with the development of digital sensors and wireless 
communication technologies, various sensors are installed on the top of the 
meteorological tower to obtain various data on the environment as well as the wind 
velocity and the wind direction in real time via wireless but with limits. The limits in 
which these digital sensors and wireless communication technologies are sensitive to 
the wind-induced vibration of the meteorological tower and often cause errors in the 
measurement. In recent years, methods of reducing vibrations have been applied to 
suspension towers, independent towers of cable-stayed structures, large-scale 
chimneys of power plants, high-rise buildings, observation towers, and airport control 
towers. However, until recently, efforts to reduce the vibration caused by the wind in 
the meteorological tower have been insufficient. 

Therefore, in this study, a device using the dynamic vibration absorber principle was 
designed and installed on the top of the meteorological tower to reduce the vibration 
caused by the shaking of the meteorological tower due to the wind. First of all, the 
first natural frequency moving to the right and left of the meteorological tower was 
obtained, and then the natural frequency of the vibration system consisting of mass, 
spring and damping was designed to be equal to the first natural frequency of the 
meteorological tower and then attached to the top of the meteorological tower. In 
order to investigate the vibration reduction performance, the meteorological behavior 
of the meteorological tower with and without the vibration reduction device was 
simulated. The comparison result shows that the meteorological tower with the 
vibration reduction device is effective in reducing vibration. 

 

2. THE DYNAMIC MODEL OF METEOROLOGICAL TOWER 

In this paper, the dynamic behavior of the meteorological tower was designed as 
shown in Fig.1. Here, the meteorological tower has three stages. The length of first, 
second, and third stages are l2, l4, and l6, respectively, and the diameter of each stage 
is d1, d2, and d3. As shown in Fig.1, the 3 branch lines are firmly fixed to l1, l2, l3 
pointby the distance of A and the other 3 branch lines are firmly fixed to l4, l5, l6 point 
by the distance of B from the meteorological tower. 
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Fig.1  The shape of pole shaft type meteorological tower 

 

In Fig. 1, the dynamic model of the meteorological tower was obtained as follows[5]. 

①The vibration mode of the meteorological tower without branch line and the 
deflection at the end point are obtained by finite element method, respectively. 

②Equivalent mass Meqand equivalent stiffnessKeq of the pipe are obtained by using 
the vibration mode and deflection of the meteorological tower. 

③The stiffness for each branch line fixed to the meteorological tower. 

④The stiffness of the pipe, Keq constituting the meteorological tower and the 
equivalent stiffness Keqsof the stiffness for each branch line fixing the meteorological 
tower are obtained [6]. 

⑤Equivalent mass and equivalent stiffness of the meteorological tower with branch 
line are Meq,Keqs respectively, and the natural frequency Wns is obtained by using [7]. 

 

𝜔𝑛𝑠 = √
𝐾𝑒𝑞𝑠

𝑀𝑒𝑞
⑴ 

And the equivalent damping coefficient Ceqs is as follows. 

𝐶𝑒𝑞𝑠 = 2𝑀𝑒𝑞𝜁𝑠𝜔𝑛𝑠                                                                        ⑵ 

In equation⑵, 𝜁𝑠indicates damping ratio. 
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⑥ By using physical laws to obtain a kinetic model of a meteorological tower with a 
branch line, the equivalent model of the meteorological tower obtained through the 
above process is shown in Fig. 2. Fig. 2 can be expressed by the following equation. 

 

𝑀𝑒𝑞�̈�(𝑡) + 𝐶𝑒𝑞𝑠�̇�(𝑡) + 𝐾𝑒𝑞𝑠𝑥(𝑡) = 𝐹(𝑡)                    ⑶ 

 

In equation⑶, 𝑥(𝑡) and 𝐹(𝑡) indicate the force acting on the top of the meteorological 
tower, which acts on the top of the meteorological tower. The following is the Laplace 
transformation of equation⑶ for the inverse frequency analysis of the meteorological 
tower, and the transfer function 𝐺𝑒𝑞𝑠(𝑠)is obtained as follows. 

 

𝐺𝑒𝑞𝑠(𝑠) =
1

𝑀𝑒𝑞𝑠2 + 𝐶𝑒𝑞𝑠s + 𝐾𝑒𝑞𝑠
                                ⑷ 

 

 
Fig.2 Equivalent model of meteorological tower 

 

 

3. The dynamic model of meteorological tower with dynamic absorber 

Fig. 3 represents a meteorological tower equipped with a dynamic absorber to reduce 
the vibration of the meteorological tower. The dynamic absorber consists of a center 
fixed shaft which is a gas phase tower, a mass chain ring, an elastic body, and an outer 
casing. Here, the center fixed shaft and the ring, and the elastic body between the ring 
and the outer case fix the ring in place. 



The Study of Vibration Reduction for Pole Shaft Type Meteorological Tower 1063 

 
Fig. 3  Dynamic absorber that mounted on meteorological tower 

 

Fig. 4 shows the equivalent model of the dynamic absorber mounted on the top of the 
meteorological tower. Where 𝑀𝑑 , 𝐶𝑑 , 𝐾𝑑 , and 𝑦(𝑡) represent the equivalent mass, 
equivalent damping, equivalent stiffness, and equivalent mass displacement of a 
dynamic absorber, respectively. The equation is expressed as follows. 

𝑀𝑑�̈�(𝑡) + 𝐶𝑑�̇�(𝑡) + 𝐾𝑑𝑦(𝑡) = 𝐶𝑑�̇�(𝑡) + 𝐾𝑑𝑥(𝑡)                             ⑸ 

Here, 𝑀𝑑 and𝐾𝑑 is set identical to the natural frequency of the meteorological tower. 

𝜔𝑑 = 𝜔𝑛𝑠 = √
𝐾𝑒𝑞𝑠

𝑀𝑒𝑞
= √

𝐾𝑑

𝑀𝑑
                                                              ⑹ 

In equation⑸,𝐶𝑑 is obtained as in equation⑵. 

𝐶𝑑 = 2𝑀𝑑𝜁𝑑𝜔𝑑                                                     ⑺ 

 

 
Fig. 4  Equivalent model of dynamic absorber 
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The transfer function 𝐺𝑑(𝑠) is obtained by Laplace transformation of equation⑸. 

𝐺𝑑(𝑠) =
𝐶𝑑s + 𝐾𝑑

𝑀𝑑𝑠2 + 𝐶𝑑s + 𝐾𝑑
                                                 ⑻ 

 

Fig. 5 shows an equivalent model of the meteorological towerequipped with a 
dynamic absorber.The equation is expressed as follows. 

 

𝑀𝑒𝑞�̈�(𝑡) + 𝐶𝑒𝑞𝑠�̇�(𝑡) + 𝐾𝑒𝑞𝑠𝑥(𝑡) + 𝐶𝑑(�̇�(𝑡) − �̇�(𝑡)) + 𝐾𝑑(𝑥(𝑡) − y(t)) = 𝐹(𝑡) (9.1) 

 

𝑀𝑑�̈�(𝑡) + 𝐶𝑑(�̇�(𝑡) − �̇�(𝑡)) + 𝐾𝑑(𝑦(𝑡) − 𝑥(𝑡)) = 0                    (9.2) 

 

For the frequency analysis of the meteorological tower equipped with the dynamic 
absorber, the transfer function 𝐺𝑒𝑞𝑠(𝑠)  is obtained by performing Laplace 
transformation of equation⑻ as follows 

 

𝐺𝑒𝑞𝑠(𝑠) =
𝑁(𝑠)

𝐷(𝑠)
                                                               ⑽ 

 

In equation⑽,𝑁(𝑠) and 𝐷(𝑠)is as follows. 

 

𝑁(𝑠) = 𝑀𝑑𝑠2 + 𝐶𝑑s + 𝐾𝑑                                       (11.1) 

 

𝐷(𝑠) = 𝑀𝑒𝑞𝑠𝑀𝑑𝑠4 + (𝐶𝑒𝑞𝑠𝑀𝑑 + 𝐶𝑑𝑀𝑑 + 𝑀𝑒𝑞𝐶𝑑)𝑠3 

+(𝑀𝑑𝐾𝑒𝑞𝑠 + 𝑀𝑑𝐾𝑑 + 𝐶𝑒𝑞𝑠𝐶𝑑)𝑠3 

+(𝐶𝑒𝑞𝑠𝐾𝑑 + 𝐾𝑒𝑞𝑠𝐶𝑑)𝑠 

+𝐾𝑒𝑞𝑠𝐾𝑑(11.2) 
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Fig. 5  Equivalent model of meteorological tower with dynamic absorber 

 

4. SIMULATION RESULTS AND CONSIDERATION 

In this paper, a simulation was carried out to investigate the dynamic characteristics of 
a meteorological tower without the dynamic absorber and a meteorological tower 
withthe dynamic absorber[5]. 

 

Table 1: Specification of the meteorological tower 

Parts Value 

Single-stage pipe 

(Diameter, Length) 
12(inches),  25(m) 

Two-stage pipe 

(Diameter, Length) 
10(inches),  25(m) 

Three-stage pipe 

(Diameter, Length) 
8(inches),  20(m) 

Fixed position of branch line 

=12.5(m)   =25.0(m)  

=37.5(m) =50.0(m)  

=60.0(m) =70.0(m) 

Young's modulus of the pipe 250GPa 

Young's modulus of the branch 
lines 190GPa 

Diameter of the branch lines 0.03m 
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The values shown in Table 2 is drawn by using the values of Specification of the 
meteorological tower in Table 1. In other words, the values 𝑀𝑒𝑞, 𝐶𝑒𝑞𝑠, and 𝐾𝑒𝑞𝑠 is 
drawn from equation (1), and (2), and𝑀𝑑, 𝐶𝑑, 𝑀𝑑, 𝐾𝑑 is drawn from equation(6) and 
(7). 

 

Table 2: System parameters of meteorological tower with dynamic absorber 

Parts Value 

Equivalent Mass(𝑀𝑒𝑞) 184.7kg 

Equivalent Stiffness(𝐾𝑒𝑞𝑠) 6760.6N/m 

Equivalent Damping Coefficient(𝐶𝑒𝑞𝑠) 111.7212 N sec/m 

Dynamic absorber Mass(𝑀𝑑) 20 kg 

Dynamic absorber Stiffness (𝐾𝑑)  733.0 N/m 

Dynamic absorber Damping Coefficient(𝐶𝑑) 36.3 N sec/m 

 

From these followings, the transfer formula of meteorological tower is 𝐺𝑒𝑞𝑠(𝑠) =
1

184.6𝑠2+111.7s+6761
 , and Fig. 6 shows the transfer function rearranged to frequency 

response curve. Here, the resonance frequency is 6.1rad/sec, and the magnitude is -
56.7dB. 

 
Fig. 6  Frequency response function of the displacement of tower's top to wind 

 

Fig. 7 shows the frequency response to displacement of the dynamic absorber with 
displacement of the upper part of the meteorological tower. The natural frequency of 
dynamic absorber is 6.1rad/sec, and resonance magnitude valueis 14.2dB. Here, the 
transfer function of dynamic absorberis𝐺𝑑(𝑠) =

36.3s+733

20𝑠2+36.3s+733
 . 
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Fig. 7  Frequency response function of the displacement of dynamic absorber to the 

displacement of tower's top 

 

Fig. 8 shows the frequency response curve of the existing meteorological tower and 
the meteorological tower equipped with the dynamic absorber. Here, the natural 
frequencies and the resonance magnitude values of the existing meteorological tower 
are 6.1 rad/sec, -56.7dB, while those of the dynamic absorber attached meteorological 
tower are 5.13rad/sec, -62.9dB, and 7.36rad/sec, -70.2dB. 

 
Fig. 8   Frequency response function of the displacement of tower's top to wind 

 

Fig. 9 shows the wind shape used in the simulation. The RMS value of the wind speed 
is 3.68m/sec and the maximum   𝑉𝑝−𝑝ofthe wind speed is 20m/sec. 

 
Fig. 9The shape of wind (RMS 3.68m/sec) 
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Fig. 10 shows the magnitude of vibration at the top of the existing meteorological 
tower and dynamic absorber attached meteorological tower at wind speed of 
3.68m/sec (RMS). Here, the amplitude magnitude of the meteorological tower with 
dynamic absorber is RMS 8.2mm with maximum amplitude of 38mm. While the 
amplitude of the existing meteorological tower is RMS 20.6mm with maximum 
amplitude of 80mm. 

 

 
Fig. 10Displacement of top at tower (RMS 3.68m/sec) 

 

Fig. 11 shows the wind shape used in the simulation. The RMS value of the wind 
speed is 7.4m/sec and the maximum   𝑉𝑝−𝑝of the wind speed is40m/sec. 

 
Fig. 11The shape of wind (RMS 7.4m/sec) 

 

Fig. 12 shows the magnitude of vibration at the top of the existing meteorological 
tower and dynamic absorberattached meteorological tower at wind speed of 7.4m/sec 
(RMS). Here, the amplitude magnitude of the meteorological tower with dynamic 
absorber is RMS 32.8mm with maximum amplitude of 150mm. While the amplitude 
of the existing meteorological tower is RMS 82.6mm with maximum amplitude of 
300mm. 
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Fig. 12Displacement of top at tower (RMS 7.4m/sec) 

 

Fig. 13 shows the wind shape used in the simulation. The RMS value of the wind 
speed is14.72m/sec and the maximum   𝑉𝑝−𝑝of the wind speed is80m/sec. 

 
Fig. 13The shape of wind (RMS 14.7m/sec) 

Fig. 14 shows the magnitude of vibration at the top of the existing meteorological 
tower and dynamic absorber attached meteorological tower at wind speed of 
14.7m/sec (RMS). Here, the amplitude magnitude of the meteorological tower with 
dynamic absorber is RMS 131mm with maximum amplitude of 610mm. While the 
amplitude of the existing meteorological tower is RMS 330mm with maximum 
amplitude of 1,260mm. 

 
Fig. 14Displacement of top at tower (RMS 14.7m/sec) 
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Fig. 15 shows the wind shape used in the simulation. The RMS value of the wind 
speed is22.1m/sec and the maximum   𝑉𝑝−𝑝of the wind speed is120m/sec. 

 
Fig. 15The shape of wind (RMS 22.1m/sec) 

 

Fig. 16 shows the magnitude of vibration at the top of the existing meteorological 
tower and dynamic absorber attached meteorological tower at wind speed of 
22.1m/sec (RMS). Here, the amplitude magnitude of the meteorological tower with 
dynamic absorber is RMS 295mm with maximum amplitude of 1,400mm. While the 
amplitude of the existing meteorological tower is RMS 743mm with maximum 
amplitude of 2,700mm. 

 

 
Fig. 16Displacement of top at tower (RMS 22.1m/sec) 

 

As a result of the dynamic analysis through the simulation of the existing 
meteorological tower and the meteorological tower with vibration reduction device, it 
can be seen that the meteorological tower with the vibration absorber reduces the 
vibration caused by the wind compared to existing meteorological tower. It is 
considered that the vibration absorbing device absorbs the vibration energy received 
by the meteorological tower. 
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CONCLUSION 

In this paper, a vibration absorber capable of operating in all directions in front, back, 
left and right is designed on top of existing meteorological tower. The performance of 
each meteorological tower is simulated and the following conclusions are obtained. 

1) In order to reduce the vibration on the upper part of the existing meteorological 
tower, the natural frequency of the meteorological tower and the natural frequency of 
the damper were designed to be the same and installed on the top of the 
meteorological tower. 

2) The result of each of the frequency analysis shows that the existing meteorological 
tower‘s natural frequency and resonance values are 6.1   , -56.7 , while meteorological 
tower with dynamic absorber are 5.13   , -62.9  , 7.36  , -70.2 . It can be seen that the 
meteorological tower proposed in this paper has less vibration than the existing 
meteorological tower considering the natural frequency of the existing meteorological 
tower. 

3) It can be seen that the upper movement of the meteorological tower equipped with 
the dynamic absorber is much smaller than that of the existing meteorological tower. 
This indicates that the dynamic absorber installed on the top of the vapor phase 
absorbs the vibration. 
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