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Abstract. The study of wind resistance of inertial mass damper mainly relies on
theoretical analysis and numerical simulation, but lacks experimental verifica-
tion. For this purpose, an innovative inertial mass damper is designed, whose
mechanical topological form is similar to tuned viscous mass damper (TVMD)
with mass. The equivalent inertance and damping coefficient of the damper under
different working conditions are determined by calibration test. Through wind
tunnel test, the influence of various factors on the control performance of the
damper is verified. The results show that the control performance is improved
when the spring stiffness is close to the optimal frequency ratio. When the damper
is installed between the first layer and the second layer, the control effect is the
best, and the mode shape difference is the largest at this time. The vibration re-
duction rate of installed damper is quantitatively analyzed by H» design method.
These conclusions provide experimental validation for structural wind-induced
vibration control in the fields of architecture, civil engineering and hydraulic en-
gineering, fill the gap in the research of inertial mass dampers, and promote the
safety and stability research of related engineering structures.
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1 Introduction

Since the theory of structural vibration control appeared [1], passive control has at-
tracted much attention because it does not need external energy and is easy to maintain,
but it has the disadvantages of large volume and heavy weight.

In view of the shortcomings of the above traditional dampers, the appearance of in-
ertial mass dampers solves these problems well. The British Smith team proposed "In-
erter", which named both ends of the inerter device and the force current analogically,
and theoretically summarized the principle of the inerter device [2]. Arakaki et al. made
earthquake response control more effective by amplifying damping forces in the late
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1990s [3]. With the deepening of research, tuned viscous mass damper (TVMD) and
tuned inerter damper (TID) have been developed [4,5].

At present, the research of inertial mass dampers mainly focuses on theory and nu-
merical simulation, and the empirical verification is relatively few. An inertial mass
damper similar to a TVMD is designed, and the influence of inertance, damping coef-
ficient, stiffness coefficient and installation layer on its control effect is discussed by
wind tunnel tests. The experimental results verify the important role of these factors in
the control of structural wind-induced vibration, and provide an effective basis for the
improvement of structural safety in architecture, civil engineering and hydraulic engi-
neering.

2 Design and Calibration of Inertial Mass Damper

The inerter device is the core of the inertial mass damper, and the gear-rack scheme is
the best choice for the experiment because of its simple structure and light weight. The
main structure is made of resin material and manufactured by 3D printing. The disc
selects high purity copper to optimize the cutting magnetic field effect.

The design parameters of the disc are shown in Table 1.

Table 1. Related parameters of the disc

Moment of inertia  Inertance

(grem?) (2
Disc  0.55x41 6.43 13.26 331.50

Name Size (mm) Average mass (g)

Inertial mass damper realizes viscous damping by external strong magnet. Eddy cur-
rent damping is generated by cutting off magnetic field line when copper discs rotates
at high speed. The spring acts as a stiffness device, and the pre-stretched tension spring
is suspended between the hanger and the track screw, as shown in Figure 1(a). In order
to verify the design values, calibration tests were carried out on the inertance and damp-
ing coefficient, as shown in Figure 1(b).

(b)

Fig. 1. Damper installation and calibration test

The displacement and force data during output are collected, and the equivalent in-
ertance and equivalent damping of TVMD with mass under different working condi-
tions are fitted through the time-history amplitude of displacement and force. The prin-
ciple is shown in formula (1)-(2).
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F, = A, [-bw? sin(wt) + cw cos(wt)] (1)

F, = Ay (—bw?)? + (cw)?sin [wt + arctan (¢/—bw)] )

Where, b represents inertance, ¢ represents equivalent damping coefficient, F, is the
force time history collected by the dynamometer, and A, is the amplitude. For different
working conditions, the equivalent inertance and equivalent damping coefficient can be
obtained by fitting formula (3).

Alw) = \/(—ba)z)z + (cw)? 3)

Where A'(w) represents the ratio of the dynamometer indication number to the dis-
placement amplitude.

Figure 2 shows the fitting curve under each working condition and the force-accel-
eration curve of the inerter device output under the corresponding working condition
when the number of discs is 1 piece.
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Fig. 2. Inerter device output effect fitting and output
The calibration results of all operating conditions are shown in Table 2.

Table 2. Calibration result

Discs quantity  Inertance (kg) Damping coefficient (N*s/m)

0 0.05 0.287
1 0.353 6.657
2 0.656 11.162

For the stiffness components, 5 groups of spring combinations are selected, and the
stiffness coefficient of the spring is obtained through the force measurement test of the
spring. The frequency ratio of mounting 0, 1 and 2 discs corresponding to the selection
of different spring types is shown in Table 3.

According to NSGA-II genetic algorithm, the optimal frequency ratio of inertial
mass damper is 1.03 and 1.08 when installing 1 and 2 discs.
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Table 3. Frequency ratio of spring combination under corresponding working conditions

Spring type 0 1 2
S1 0.99 047 0.34
S2 1.35 0.65 047
S3 226 1.08 0.78
S4 3.17 1.52 1.10
S5 3.68 1.75 1.27

3 Wind Tunnel Test

The experiment was conducted in the TJ-2 wind tunnel at Tongji University's State Key
Laboratory of Disaster Reduction in Civil Engineering. Focused on vortex-induced vi-
bration effects on supertall buildings, a transverse wind test was performed. To evaluate
the damper's control effect, acceleration response time history and power spectrum
analysis were conducted with the damper installed between the 1% and 2™ layers and
spring stiffness set to S4. The analysis examined the impact of 0 to 2 additional discs
at various wind speeds, with results displayed in Figure 3.
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Fig. 3. Acceleration response of the top layer at different wind speeds
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Fig. 4. Top-level acceleration power spectral density at different wind speeds
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Figure 3 shows that as wind speed increases, the acceleration of the model's top layer
also rises, highlighting the damper's effectiveness when a disc is installed. To further
analyze the control effect, the power spectral density was estimated for two speeds us-
ing the Pwelch function in MATLAB, as illustrated in Figure 4.

Firstly, in order to verify the influence of damper frequency ratio on the control ef-
fect. When the structure is installed between layers 1¥~2"¢ and 5"~6" with different
stiffness, the influence of acceleration on the top layer of the structure on the power
spectral density at the highest wind speed is shown in Figure 5.
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Fig. 5. Influence of spring stiffness on control effect

When mounting a disc, the S3 spring is its best frequency ratio spring combination.
It can be seen from Figure (a) and (b) that the influence of different spring combinations
on the control effect of the damper basically follows the rule that the closer to the opti-
mal frequency is, the better the control effect is.

In order to further verify the influence of the installation layer on the control effect,
The combination of 0-S1, 1-S3, and 2-S4 was selected to estimate the response power
spectral density of the top layer of the structure at the highest wind speed when installed
between 19~2" layers and 5"~6" layers is shown in Figure 6.
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Fig. 6. Influence of the position of the mounting layer on the control effect

The different mounting layers in Figure (a) and Figure {(b), (c)} have opposite ef-
fects on the control effect of the damper. It should be highlighted that when the 0-piece
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disc is installed, the topological structure of the damper should be close to TMD, and
TMD generally has the most obvious control effect when it is installed on the top layer.

When installing a disc, the control effect installed on the 1% and 2™ floors is signifi-
cantly better than that installed on the 5" and 6" floors. This conclusion provides ex-
perimental proof that the larger the mode shape difference between the modes corre-
sponding to the two ends of TVMD, the better the control effect [6].

The H.. design strategy evaluates the control effect of the first-order mode by meas-
uring the peak power spectral density near the first-order frequency of the model (5
Hz~9 Hz). The vibration reduction rate index formula (4) is defined.

Rs = (1 = Sp.con/Spuncon) % 100%(4)

Where S, is the peak power spectral density near the first-order frequency.

The vibration reduction effects of dampers in different wind speed zones under op-
timal working conditions are shown in Table 4.

Table 4. Vibration reduction rate of dampers installed between layers 1%t and 2"

1-S3 1-S3 2-S4 2-S4
(Low) (High) (Low) (High)
vibration reduction rate  71.2% 95.6% 74.5% 95.5%

Through the quantitative analysis of the vibration reduction effect corresponding to
the optimal combination conditions in Table 4, it can be seen that the vibration reduc-
tion effect of 1-S3 combination at high wind speed can reach 95.6%.

4 Conclusion

An inertial mass damper whose mechanical topological form is similar to that of TVMD
with mass is innovatively designed, and its output effect is calibrated, and the inertance
and damping coefficient under corresponding working conditions are obtained. How-
ever, the design of the single stage gear-rack inerter limits its inertance, which makes
it difficult to study the conditions of larger inertance. Other better ways to achieve in-
ertance will be considered in the subsequent study. The control effect of wind-induced
vibration is analyzed through wind tunnel test, which makes up for the shortage of nu-
merical simulation results without test verification. The vibration reduction rate of in-
stalled damper is quantitatively analyzed by H., design method. The results show that:

(1) Inertial mass damper has a good control effect on wind-induced vibration of su-
per tall buildings, and the first-order mode control effect can reach 95.6%, while the
inertance is only 0.353 kg(the total mass of the model is 4.69 kg). Considering that the
actual inertance of the project can reach 200 times of the mass, inertial mass damper is
more suitable for engineering practice than TMD.

(2) The influence of frequency ratio on inertial mass damper basically follows the
rule that the closer to the optimal frequency ratio (slightly greater than 1), the better the
control effect, and this rule is more obvious at high wind speed.
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(3) When the inertial mass damper is installed between 1% and 2" layers with the
largest vibration mode shape difference, the control effect is the best and the most sta-
ble.

The experimental results show that the inertial mass damper has a significant ad-
vantage in reducing wind-induced structural vibration, which provides a strong support
for the vibration reduction research of practical buildings.
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