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1. Introduction 

 

Solar towers were built all over the world in recent years 

(González-Roubaud et al. 2017, Tahri et al. 2015). This 

kind of structures often has large aspect ratio, low 

fundamental natural frequency and small structural 

damping, which indicates that they are extremely prone to 
wind-induced vibrations, especially the Vortex-Induced 

Vibration (VIV) in the across-wind direction. Li et al. 

(2018) and Liu et al. (2019) carried out a series of elastic 

wind tunnel tests to study the wind-induced responses of the 

Noor III solar tower. This solar tower has a height of 243 m, 

an aspect ratio of about 12 and a fundamental natural 

frequency of 0.28 Hz. Large amplitude VIV response of the 

Noor III solar tower was observed in the across-wind 

direction under the structural damping ratio of 0.7%, and it 

seems that the measured base forces in the wind tunnel tests 

were obviously greater than the values stipulated in 
American Code ACI 307-08. This indicates that some 

countermeasures should be adopted to reduce the across-

wind VIV responses of solar towers. 

Many types of aerodynamic countermeasures, such as 

tapered and corner modified, were often adopted to reduce  
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the wind-induced VIV responses of high-rise buildings by 

changing their configurations (Isyumov et al. 1989, Quan 

and Gu 2005, Tanaka et al. 2012, Bandi et al. 2013, Kim et 

al. 2014, 2015, Tamura et al. 2017). For the chimneys 

which usually have circular cross sections like solar towers, 

the wind-induced VIV responses can also be effectively 

reduced by installing helical wires on their surface 
(Zdravkovich 1981), and this countermeasure was even 

suggested in some codes and standards (CICIND 1999). 

Unfortunately, these effective aerodynamic counter-

measures could not be used on solar towers because that 

most of the outer surface of solar towers should keep 

smooth to realize the function of absorbing solar energy. 

Another effective countermeasure to mitigate the wind-

induced responses of high-rise structures is to install Tuned 

Mass Dampers (TMDs). The TMD concept was firstly 

invented by Frahm in 1909, and the optimized structural 

parameters of the TMD related to an undamped structure 
were theoretically deduced by Den Hartog (1956). Up to 

now, the TMD system was successfully adopted to mitigate 

the wind-induced responses on a lot of high-rise structures 

all over the world. Two pendulum-type TMDs, one at the 

top of the turret and the other at the intermediate platform, 

were installed on the Sydney tower in Australia, and 

noticeable reductions of the wind-induced responses were 

observed (Vickery and Davenport 1971, Kwok 1983). On 

the 553-meter-high CN tower in Toronto, two TMDs were 

attached to the antenna mast to reduce the vibrations of the 

second and fourth modes (Sacks and Swallow 1993). On the 
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Abstract.  Solar towers, which often has a large aspect ratio and low fundamental natural frequency, were extremely prone to 
large amplitude of wind-induced vibrations, especially Vortex-Induced Vibration (VIV). A tiny Tuned Mass Damper (TMD) 

with conveniently adjustable eddy current damping was specially designed and manufactured for elastic wind tunnel tests of a 
solar tower. A series of numerical simulations by using the COMSOL software were conducted to determine three key 

parameters, including the thickness of the back iron plate and the conductive plate (Tb and Tc), the distance between the magnet 
and the conductive plate (Td). Based on the results of numerical simulations, a tiny TMD was manufactured and its structural 

parameters were experimentally identified. The optimized values of the tiny TMD can be conveniently realized. The tiny TMD 
was installed at the top of the elastic test model of a 243-meter-high solar tower, and a series of wind tunnel tests were carried 

out to examine the effectiveness of the TMD in suppressing wind-induced responses of the test model. The results showed that 

the wind-induced responses could be obviously reduced by the TMD, especially in the cross-wind direction. The cross-wind 
RMS and peak responses at the critical wind velocity can be reduced by about 86% and 75%, respectively. However, the 

maximum reduction of the responses at the design wind velocity is about 45%, obviously less than that at the critical wind 
velocity. 
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Chiba port tower in Japan, a slide platform-type TMD was 

installed to reduce the vibrations caused by both strong 

winds and earthquakes, and the results showed that the 

wind-induced responses of this tower could be reduced by 

nearly 50% in all wind directions (Kitamura et al. 1988, 
Ohtake et al. 1992). Brownjohn et al. (2010) found that 

TMD system was effective in suppressing the wind-induced 

response of a 183-meter-high reinforced concrete chimney. 

There are also many structures recently installed with 

TMDs such as the Citicorp building in New York city, the 

Aspire tower in Doha, Qatar and the 634-meter-high Tokyo 

skytree in Tokyo, Japan (Mariantonieta and Hojjat 2013). 

Two famous examples for the TMD applications in China is 

the Taipei 101 tower and the 600-meter-high Canton tower 

in Guangzhou (Tuan and Shang 2014, Xu et al. 2014). 

Besides the high-rise structures, there were also some 
successful applications of TMD system on large span 

bridges, for instance the Akashi Kaikyo bridge in Japan 

(Koshimura et al. 1994). 

TMD system is an energy absorber in nature, and the 

absorbed energy should be dissipated by dampers 

incorporated in the TMD system. At present, the most 

widely used damper in TMD system is fluid viscous damper 

(Mcnamara and Taylor 2003, Narkhede and Sinha 2014). 

This type of dampers has some shortcomings in the leak of 

working fluid because of the easy ageing of the sealing 

rubber. Moreover, this type of dampers does not work under 

low level of main structure response because there exists a 
large initial friction force in the damper. One recently 

developed damping technology, called Pounding Tuned 

Mass Damper (PTMD) which can work in a confined space 

with a small mass ratio, seems to be able to overcome some 

shortcomings of the fluid viscous damper (Wang et al. 

2018a, b, Duan et al. 2020). However, there is a 

disadvantage for PTMD that a large acceleration pulse 

would be produced in controlled structure, and this will be 

harmful to human comfort control. Another promising 

damping technology is eddy current damping, which was 

usually adopted to reduce machine vibration in mechanical 
field from several decades ago (Gunter et al. 1983, 

Cunningham 1986, Sakamoto et al. 1997, Ebrahimi et al. 

2009). Kienholz et al. (1994) designed an eddy current 

TMD to successfully suppress the vibration of a solar panel. 

Huang et al. (2018) proposed a new type of eddy current 

damper and found that the use of a back iron increases the 

damping coefficient by a factor of up to 5. In recent years, 

the eddy current damping begins to be applied on the civil 

engineering structures. For example, a pendulum-type TMD 

with eddy current damping was installed at the height of 

578.2 m of the 632-meter-high Shanghai center tower in 

China to reduce its wind-induced responses (Lu and Chen 
2011, Lu et al. 2017). Over 10 eddy current TMDs were 

installed on the Mianyan first bridge in China to reduce the 

human-induced vibrations (Wen et al. 2016). Some 

researchers found that the eddy current damping is suitable 

to accurately provide the damping in the model tests. Larose 

et al. (1995) proposed a cantilever-type TMD system with 

eddy current damping to mitigate the vortex-induced 

vibration of an elastic bridge model with a geometric scale 

of 1:125 in wind tunnel tests. Kwak et al. (2003) and Bae et 

al. (2005) both designed an eddy current damper to 

successfully reduce the vibration of a cantilever beam test 

model. Lou et al. (2019) carried out parametric study of a 

cantilever-type eddy current damper for a lattice tower test 

model and applied to control bidirectional wind-induced 
vibration of the tower model. On the model test, it is 

difficult to conveniently adjust the parameters of the TMD 

because of the small size. 

In this paper, a tiny eddy current TMD with mass ratio 

of 1%, that is the mass of the TMD is only 5 × 10-3 kg, was 

carefully designed and manufactured, and was used in the 

wind tunnel tests for the model of a 243-meter-high solar 

tower to validate the effectiveness of the TMD on 

mitigating its wind-induced responses. The damping 

coefficient of the TMD system was investigated by both 

numerical simulations and experimental measurements. 
This tiny TMD system was installed at the top of the elastic 

test model, and a series of wind tunnel tests were carried out 

to obtain the wind-induced responses of the solar tower 

with and without the TMD system. The effectiveness of the 

TMD system is carefully examined. 

 

 

2. Description of the elastic test model 
 

A full-elastic test model for a 243-meter-high solar 

tower was designed and manufactured to realize the 

structural damping ratio as low as 0.3% by Li et al. (2018). 
The Froude number and the Reynolds number were not 

taken into account in the design of the elastic test model. 

The length scale of the test model is 1/200, and the velocity 

scale of the test model, which is determined through the 

first natural frequency of the test model, is 1/5.97. 

Structural analyses by using the ANSYS software show that 

the first natural frequency and the generalized mass of the 

first mode of this prototype solar tower are 0.28 Hz and 

4.27 × 106 kg, respectively. More detailed information of 

the prototype tower and its elastic test model could be found 

in Li et al. (2018).  
Wind-induced responses of this solar tower were 

investigated by means of wind tunnel tests (Li et al. 2018), 

and obvious VIV response was found within the wind 

velocity range of U10 = 21.5~28.4 m/s (at the height of 10 

m) for the structural damping ratio of 0.7%. This critical 

wind velocity is far less than the design velocity of the solar 

tower. Moreover, the base forces measured from the wind 

tunnel tests are far higher than the values determined by the 

code of ACI 307-08, which is adopted to the structural 

design of this solar tower. 

 

 
3. Design and manufacture of the Tiny TMD 

 

3.1 Determination of the structural parameters for the 
Tiny TMD 

 

As we know, the mass ratio μ, which is the mass of 

TMD to that of the main structure, has important effect on 

the effectiveness of the TMD system. The effectiveness of 

the TMD system can be obviously enhanced by increasing 
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the mass ratio. However, the expenditure of the TMD 

system increases with the increase of the mass ratio. 

Furthermore, a large mass ratio might have adverse effect 

on the earthquake responses of the main structure. So, it is 

important to determine a reasonable value of the mass ratio 
of the TMD system. According to the previous studies, the 

wind-induced vibration of high-rise structures could be 

obviously mitigated by the mass ratio in the order of 1% to 

2% of the modal mass for TMD systems (Facioni et al. 

1993, Ohtake et al. 1992, Kawamura et al. 1993). Li et al. 

(2018) found that the wind-induced response of the solar 

tower is dominantly come from the first mode. This 

indicates that it is rational to determine the structural 

parameters of the TMD system based on the first mode of 

the solar tower. For the prototype TMD of this 243-meter-

high solar tower, 1% of mass ratio corresponding to the first 
mode is adopted in this study. The generalized mass of the 

first mode of the solar tower is 4.27 × 106 kg, which means 

that the mass of the prototype TMD is 4.27 × 104 kg. In 

consideration of the length scale of the elastic test model of 

the solar tower, 1/200, the mass of the tiny TMD for the test 

model is about 5 × 10-3 kg. 

Since the structural damping of the studied solar tower 

is very small, the optimized frequency ratio αopt, which is 

the natural frequency of the TMD system to that of the 

target mode of the solar tower, could be determined from 

the mass ratio μ as follows (Den Hartog 1956) 
 

𝛼𝑜𝑝𝑡 =
1

1 + 𝜇
 (1) 

 

According to Eq. (1), αopt is about 0.99 for 1% of the 
mass ratio μ, which indicates that the natural frequency of 

the prototype TMD system should be 0.277 Hz in light of 

the first natural frequency of the solar tower (0.28 Hz). The 

frequency scale of the test model of the solar tower is 

1/33.5, and the target optimized natural frequency of the 

tiny TMD for the test model is about 9.28 Hz. 

Another important structural parameter of the TMD 

system is the optimized damping ratio ξopt, which could be 

determined by Den Hartog (1956) 
 

𝜉𝑜𝑝𝑡 = √
3𝜇

8(1 + 𝜇)
 (2) 

 

Therefore, the target optimized damping ratio of the 

TMD system is about 6% according to 1% of the mass ratio. 
It should be noted that the optimized damping ratios for the 

prototype and tiny TMD systems are both 6% because it is a 

non-dimensional parameter. 

 

3.2 Realization of the structural stiffness for the Tiny 
TMD 

 

The prototype TMD system on the high-rise structures is 

often designed as a pendulum. The oscillation frequency of 

a pendulum-type TMD can be directly determined by 
 

𝑓 =
1

2𝜋
√
𝑔

𝑙
 (3) 

 

 
(a) The tiny TMD system 

 
(b) The eddy current damper 

Fig. 1 The sketch map of the tiny TMD system 

 

 

where, l is the pendulum length; g is the acceleration of 

gravity, here g = 9.8 m/s2. In the present study, the 

pendulum length of the prototype TMD system for the solar 

tower is approximately 3 meter according to the natural 
frequency of 0.277 Hz. This indicates that the pendulum 

length of the tiny TMD system for the test model is only 

about 15 mm in light of 1/200 of the length scale for the 

elastic test model. However, the natural frequency of a 

pendulum with a length of 15 millimeter is about 4.07 Hz, 

which is not corresponding to the optimized natural 

frequency of the tiny TMD for the test model (9.28 Hz). 

This is because the Froude number is not taken into account 

in the design of the elastic test model. At this moment the 

velocity scale is not equal to the square root of the length 

scale. Therefore, the pendulum length of the tiny TMD 

system should be determined from Eq. (3) by using the 
optimized natural frequency of the tiny TMD (9.28 Hz), 

which indicates that the pendulum length of the tiny TMD 

is about 3 millimeter. It is very difficult to achieve a 

pendulum with a pendulum length as short as 3 mm. In this 

study, a cantilever beam is adopted to provide the stiffness 

of the tiny TMD for the test model, and the target natural 

frequency of the tiny TMD can be conveniently achieved by 

adjusting the length, the material and the cross section of 

this cantilever beam. The top of the elastic test model, as 

described in Li et al. (2018), is a cup-shaped coat without 

core beam. The room within the top coat, which has a 
height of 215 mm and a diameter of 150 mm, is reserved to 

accommodate the tiny TMD (Li et al. 2018). The cross 

section and the material of the cantilever beam should be 

carefully determined to ensure that the tiny TMD system 

could be accommodated in the reserved room. A steel bar, 

which has a circular cross section with a diameter of 1 mm, 

is designed to realize the stiffness of the tiny TMD, as 

shown in Fig. 1(a). According to the mass and natural 

frequency of the tiny TMD (5 × 10-3 kg and 9.28 Hz), the 

length of the steel bar is approximately 100 mm. 
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Fig. 2 The effects of the thickness of the back iron  

plate on the eddy current damping coefficient  

(Td = 5 mm) 

 
 

 

Fig. 3 The effects of the thickness of the conductive 

plate on the eddy current damping coefficient 

(Td = 5 mm) 

 
 
3.3 Realization of the structural damping for the Tiny 

TMD 
 

The damping of the tiny TMD is provided by an eddy 

current damper which consists of a permanent magnet and a 

conductive plate, as shown in Fig. 1. The relative motion 

between the magnet and the conductive plate produces eddy 

currents in the conductive plate, and an electromagnetic 

force could be generated between the magnet and the 

conductive plate. This electromagnetic force is linearly 

related with the relative velocity and dissipates the kinetic 

energy of the TMD into thermal energy. 

The permanent magnet adopted is the NdFeB magnet, 
which has a ring shape with a thickness of 2 mm, an outer 

diameter of 20 mm and a mass of 2.5 × 10-3 kg. In order to 

enhance the efficiency of the permanent magnet, a back iron 

plate with a diameter of 20 mm is adopted, and the steel bar 

is connected with the back iron plate at its center point, as 

shown in Fig. 1. The material of the conductive plate is 

aluminum, which has a lower density and moderate 

conductivity compared with copper and zinc. This ensures 

that the total mass of the test model could be completely 

satisfied as well as linear damping properties for the tiny  

 

Fig. 4 The effects of the distance between magnet and 

conductive plate on the eddy current damping 

coefficient (Tb = 1 mm) 

 
 

TMD system. The diameter of the conductive plate is 35 

mm, which is 1.75 times of the outer diameter of the 

magnet. This ensures that the conductive plate could incise 

the magnetic field completely. Two aluminum bar are 

manufactured together with the conductive plate to connect 

the conductive plate with the top coat of the test model 

through two M3 screw spikes. 
Three parameters, including the thickness of the back 

iron plate and conductive plate (Tb and Tc), the distance 

between the magnet and the conductive plate (Td), should be 

determined to realize the target damping ratio of the tiny 

TMD system (6%). In order to determine the reasonable 

values of the three aforementioned parameters, the software 

COMSOL was adopted to conduct a series of numerical 

simulations in which the permanent magnet is regarded as a 

linear magnetization model. and the effects of the 

parameters on the eddy current damping coefficient are 

carefully investigated. 
Fig. 2 presents the variations of the eddy current 

damping coefficient of the tiny damper with the thickness 

of the back iron plate under different thickness of the 

conductive plate (Tc = 2, 4, 6, 8, 10 mm) obtained from the 

numerical simulations. It should be noted that the distance 

between the permanent magnet and the conductive plate is 5 

mm. From Fig. 2, it could be found that the eddy current 

damping coefficient slightly increases with the thickness of 

the back iron plate. According to the mass and natural 

frequency of the tiny TMD (5 × 10-3 kg and 9.28 Hz), the 

target damping coefficient for damping ratio of 6% should 
be 0.035 N∙s/m. It appears that the damping coefficient is 

lower than 0.02 N∙s/m even if the thickness of the 

conductive plate and the back iron plate should respectively 

be 10 mm and 4 mm. However, the total mass of the tiny 

TMD system will be far greater than 5 × 10-3 kg if the 

thickness of the back iron plate is 4 mm. Therefore, it seems 

that the distance between the magnet and the conductive 

plate should be adjusted to reduce the thickness of the back 

iron plate. 

Fig. 3 presents the variations of the eddy current 

damping coefficient of the tiny damper with the thickness 

of the conductive plate under different thickness of the back 
iron plate (Tb = 0, 1, 2, 3, 4 mm) obtained from the  
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Fig. 5 The tiny TMD system used to experimentally 

identify its structural parameters 

 

 

 

Fig. 6 A typical time histories of the displacement  

of the free vibration of the tiny TMD for  

damping ratio of 6% 

 

 

numerical simulations. It should be noted that the distance 

between the permanent magnet and the conductive plate is 5 

mm. From Fig. 3, it could be found that the eddy current 

damping coefficient obviously increases with the increasing 

of the thickness of the conductive plate, especially within 

the thickness range of 2~4 mm. 

Fig. 4 shows the variations of the eddy current damping 
coefficient of the tiny damper with the distance between the 

magnet and the conductive plate under different thickness 

of the conductive plate (Tc = 2, 4, 6, 8, 10 mm). The 

thickness of the back iron plate is 1mm in Fig. 4. It could be 

found from Fig. 4 that the damping coefficient of the tiny 

damper sharply decreased with the increasing of the 

distance between the magnet and the conductive plate. It 

seems the target damping coefficient, 0.035 N∙s/m, will be 

well satisfied if Tb = 1 mm, Tc = 6 mm and Td = 3 mm. 

Based on the results of numerical simulations given in 

Figs. 2-4, The thicknesses of the back iron plate and the 
conductive plate are respectively chosen to be 1 mm and 6 

mm, that is Tb = 1 mm and Tc = 6 mm. At this time, the 

target damping coefficient of 0.035 N∙s/m, which is 

corresponding to the damping ratio of 6%, can be achieved 

with the distance of the magnet and the conductive plate of 

approximately 3 mm. It should be noted that the distance 

between the magnet and the conductive plate could be  

Table 1 Main structural parameters used in the tiny TMD 

Structural parameters Values 

Mass 5 × 10-3 kg 

Length of the steel bar 95 mm 

Thickness of the back iron plate 1 mm 

Thickness of the conductive plate 6 mm 

Distance between the magnet  
and the conductive plate 

2.5 mm 

Damping ratio 6% 
 

 

 

 
(a) The elastic test model 

 
(b) The tiny TMD at the top 

Fig. 7 Photos of the test model with the tiny TMD 

installed in the wind tunnel 

 
 

conveniently adjusted through shifting the conductive plate 

up and down. 

 

3.4 Identification of the structural parameters of the 
Tiny TMD 

 

The proposed tiny TMD system, which is composed of 

the permanent magnet, the back iron plate, the steel bar and 

the conductive plate, was installed on a test frame, as shown 

in Fig. 5. The natural frequency of the tiny TMD system 
could be conveniently adjusted by changing the length of 

the steel bar, and the desired damping coefficient could be 

adjusted by changing the distance between the permanent 

magnet and the conductive plate. The natural frequency and 

the damping ratio of the tiny TMD system could be 

identified from the free vibration responses by frequency 

domain approach and logarithmic decrement method, 

respectively. 

Based on the experimental identification, the target 

natural frequency of the tiny TMD, 9.28 Hz, could be  
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(a) Without TMD 

 

(b) With TMD 

Fig. 8 Time histories of the free vibration acceleration at 

the top of the test model with and without TMD 

 

 

achieved if the length of the steel bar is 95 mm. Fig. 6 

presents a typical time histories of the displacement of the 

free vibration of the tiny TMD, which is corresponding to 

the target damping ratio, 6%. Under the circumstances, the 
distance between the magnet and the conductive plate is 2.5 

mm, which is slightly smaller than the value obtained from 

the numerical simulation, 3.0 mm. 

Based on the numerical simulation and experimental 

identification, the main structural parameters used in the 

tiny TMD are listed in Table 1. 

 

 

4. Outline of wind tunnel tests 
 
The tiny TMD designed in Section 3 was installed on 

the top of the elastic test model of the solar tower 

introduced by Li et al. (2018), as shown in Fig. 7(b). A 

series of wind tunnel tests were carried out on the elastic 

test model to validate the effectiveness of the eddy current 

TMD on mitigating the wind-induced vibration of the solar 

tower, especially the vortex-induced vibration in the across-

wind direction. Wind tunnel tests were carried out in the 

closed-circuit test section of the HD-2 Boundary Layer 

Wind Tunnel (HD-2BLWT) of Hunan university, Changsha, 

China. This test section has a size of 3.0 m in width by 2.5 

m in height by 17.0 m in length, and its maximum wind 

velocity is 58 m/s. The category type C stipulated in the 
ASCE/SEI 7-10 is used in this wind tunnel tests, which is 

the same as Li et al. (2018). The reference height, at which 

a Cobra probe is installed to measure the wind velocity in 

the wind tunnel, is 1.0 m over the ground. The range of 

wind velocity at the reference height in the wind tunnel tests  

 

Fig. 9 Power spectrum densities of the free vibration 

acceleration at the top of the test model with the 

TMD 

 

 

 
(a) Acceleration at the top 

 
(b) Base shear 

 
(c) Base moment 

Fig. 10 Comparisons of the across-wind RMS responses 

of the solar tower with and without the TMD 

system 
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(a) Acceleration at the top 

 

(b) Base shear 

 
(c) Base moment 

Fig. 11 Comparisons of the along-wind responses of the 

solar tower with and without the TMD system 

 

 

is 3~16 m/s, corresponding to 11.3~60.1 m/s at the height of 

10 m in the prototype (U10). A High Frequency Force 

Balance (HFFB) is installed at the bottom of the test model 

to measure the wind-induced base shears and moments, and 

two accelerometers are installed at the top of the test model 

to measure the accelerations in the along-wind and cross-

wind directions. 
The structural damping ratio of the test model of the 

solar tower was achieved within the range from 0.3% to 

2.0% in Li et al. (2018). In the present study, the structural 

damping ratio of the test model is adjusted to be 0.7%, 

which is close to the prototype value of this kind of solar 

tower. The time histories of the free vibration acceleration 

at the top of the test model without and with the tiny TMD 

are plotted in Figs. 8(a) and (b), respectively. It could be 

found from Fig. 8 that the decay of the response of the test  

 
(a) Cross-wind 

 
(b) Along-wind 

Fig. 12 Time histories of the acceleration at the top of 
the solar tower with and without TMD at the 

critical wind velocity 

 

 

model with the tiny TMD is obviously faster than that 

without the tiny TMD. This indicates that the equivalent 

structural damping ratio of the test model with the tiny 

TMD is far higher than that without the tiny TMD. The 

identified structural damping ratio of the test model with the 

tiny TMD is about 3.6%. Moreover, the test model with tiny 

TMD is a 2 degree-of-freedom (2-DOF) system, and two 

neighboring frequency components can be clearly observed 
in the PSD of the top free vibration acceleration response as 

shown in Fig. 9. 

 

 

5. Results of wind tunnel tests 
 

Fig. 10 presents the cross-wind RMS responses of the 

solar tower with the TMD at the top, together with those 

without the TMD obtained by Li et al. (2018). The wind 

induced across-wind responses include Root Mean Square 

(RMS) value of the accelerations at the top (Fig. 10(a)), 
RMS values of the base shear and the base moment at the 

bottom (Figs. 10(b) and (c), respectively). It should be 

noted that these responses have been transferred from the 

test model to the prototype. Here U10 is the prototype mean 

wind velocity at the height of 10 m. It could be clearly 

found from Fig. 10 that the across-wind RMS responses of 

the solar tower are obviously reduced by installing a TMD 

system at the top, especially for the vortex-induced 

responses near the critical wind velocity (U10 = 23.2 m/s). 

For example, the RMS value of the across -wind 

acceleration at the top near the critical wind velocity 
decreases from 0.263 g (g is the acceleration of gravity) to  
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(a) Cross-wind 

 

(b) Along-wind 

Fig. 13 Time histories of the acceleration at the top of 
the solar tower with and without TMD at the 

design wind velocity 

 

 

0.037 g. In the meanwhile, the RMS values of the across-

wind base shear and moment at the bottom near the critical 

wind velocity decrease from 20.6 × 103 kN and 29.5 × 105 

kN∙m to 2.83 × 103 kN and 3.95 × 105 kN∙m, respectively, 

i.e., the RMS responses in the across-wind direction at the 

critical wind velocity could be reduced about 86% by the 

TMD system. In addition, it is interesting to find that the 
critical wind velocity for the solar tower with the TMD, 

24.5 m/s, is a little bit larger than that without the TMD, 

23.2 m/s. However, the reduction of the across-wind RMS 

responses at the design wind velocity (U10 = 41.0 m/s) is far 

less than that at the critical wind velocity. For instance, the 

across-wind RMS values of the acceleration at the top, the 

base shear and moment at the bottom at the design wind 

velocity decrease from 0.080g, 4.386 × 103 kN and 6.09 × 

105 kN∙m to 0.043 g, 2.555 × 103 kN and 3.47 × 105 kN∙m, 

respectively. The RMS responses in the across-wind 

direction at the design wind velocity could be reduced about 
45% by the TMD system. 

Fig. 11 presents the along-wind responses of the solar 

tower with the TMD at the top, together with those without 

the TMD obtained by Li et al. (2018). The wind induced 

along-wind responses include RMS value of the 

acceleration at the top (Fig. 11(a)), RMS and mean values 

of the base shear and the base moment at the bottom (Figs. 

11(b) and (c), respectively). It could be found from Fig. 11 

that the RMS values of the along-wind responses of the 

solar tower with the TMD are obviously smaller than those 

without the TMD. The along-wind RMS values of the 

acceleration at the top, the base shear and moment at the 
bottom at the design wind velocity decrease from 0.042 g,  

 
(a) Critical wind velocity 

 

(b) Design wind velocity 

Fig. 14 Power spectrum densities of the acceleration  

at the top without the TMD 

 

 

2.86 × 103 kN and 4.30 × 105 kN∙m to 0.022g, 1.40 × 103 

kN and 2.02 × 105 kN∙m, respectively. The RMS responses 

in the along-wind direction at the design wind velocity 

could be reduced about 50% by the TMD system. However, 
it appears that the mean values of the along-wind responses 

of the solar tower could not be reduced by the TMD, similar 

to the results obtained in numerical simulation as shown in 

the work by Lu et al. (2017). 

Fig. 12 presents the time histories of the accelerations at 

the top of the solar tower with and without the TMD at the 

critical wind velocity. It could be found from Fig. 12 the 

across-wind and along-wind responses of the solar tower at 

the critical wind velocity could be both obviously reduced, 

just as the results shown in Figs. 10 and 11. However, the 

time histories of the accelerations at the top of the solar 
tower at the design wind velocity, as shown in Fig. 13, 

indicates that the reduction of the wind-induced responses 

at the design wind velocity is obviously less than those at 

the critical wind velocity. Fig. 14 shows the Power 

Spectrum Density (PSD) of the time histories of the cross-

wind acceleration at the top of the solar tower without the 

TMD. It could be found from Fig. 14 that only one 

frequency peak (9.38 Hz), which is corresponding to the 

first natural frequency of the test model, is observed in the 

PSD of the acceleration at the critical wind velocity, as 

shown in Fig. 14(a). However, there two frequency peaks 

(9.38 Hz and 26.59 Hz), corresponding to the first and 
second natural frequencies of the test model, are found in 

the PSD of the acceleration at the design wind velocity, as 

shown in Fig. 14(b). In the present study, the tiny TMD is 

specially designed to mitigate the oscillation of the first 

mode. This is the main reason for the obvious difference  
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between the reductions by the TMD system at the critical 

and design wind velocities. 

The peak across-wind and along-wind responses of the 

solar tower with and without the TMD system at the critical 

and design wind velocities (respectively 23.2 m/s and 41.0 

m/s), which are the important parameters for the design of 

this kind of structures, are listed in Table 2. It could be 

found from Table 2 that the reduction of the peak responses 
of the solar tower at the critical wind velocity is about 75%, 

both in the across-wind and along-wind directions. 

However, the maximum reduction of the responses at the 

design wind velocity is about 45%, obviously less than that 

at the critical wind velocity. It seems that the across-wind 

peak responses are larger than the along-wind responses 

when the TMD system is not installed on the solar tower 

(0.7% of damping ratio). However, the along-wind peak 

responses are larger than the across-wind responses if the 

TMD system is installed on the solar tower. 

 

 
6. Conclusions 

 

On the model test, it is difficult to conveniently adjust 

the parameters of the TMD because of the small size. In this 

paper, a tiny TMD system by adopting the eddy current 

technology is specially designed and manufactured for an 

elastic test model of a 243-meter-high solar tower with a 

length scale of 1/200. The mass ratio of the TMD system is 

1%, and the mass of the tiny TMD for the test model is 

about 5 × 10-3 kg. A series of numerical simulation by using 

the COMSOL software is conducted to investigate the 
effects of three key parameters on the damping coefficient 

of the tiny eddy current damper. The results of the 

numerical simulations indicate that the thicknesses of the 

back iron plate and the conductive plate should be 

respectively 1 mm and 6 mm in order to realize a target 

structural damping ratio of 6%. Based on this parameter, a 

tiny eddy current damper is manufactured to identify its 

structural damping and determine the distance between the 

magnet and the conductive plate. The experimental results 

show that the distance between the magnet and the 

conductive plate should be 2.5 mm to realize a structural 

damping ratio of 6% for the tiny TMD. The tiny TMD is 
installed on the top of the elastic test model, and a series of  

 

 

wind tunnel tests are conducted to investigate the 

effectiveness of the proposed TMD on suppressing the 

wind-induced responses of the solar tower. The results show 

that the wind-induced responses of the solar tower could be 

effectively mitigated by the installation of the TMD, 

especially for the cross-wind vortex-induced responses at 

the critical wind velocity. The cross-wind RMS responses at 

the critical wind velocity, including the acceleration at the 
top, base moment and base shear, could be reduced by 

about 86%. The reduction of the peak responses of the solar 

tower at the critical wind velocity is about 75%, and the 

maximum reduction of the responses at the design wind 

velocity is about 45%, obviously less than that at the critical 

wind velocity. However, it appears that the mean values of 

the along-wind responses of the solar tower could not be 

reduced by the TMD. 
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