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SEMI-ACTIVE VIBRATION CONTROL OF TRUSS TOWER
WITH VARIABLE DAMPING MECHANISM
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Kew'ichi MINOWA, Megumi SHIBATA, Ryota MATSUI,
Toru TAKEUCHI and Toshiyuki OGAWA

Application of energy dissipation devices for the passive vibration control of truss towers has been recently researched,
because these towers were generally designed to resist wind load. However, as the earthquake load requirements increases,
these towers are possibly to be damaged by large earthquakes. On the other hand, researchers have developed semi-active
control device that produces any adjustable control force using variable dampers. This paper describes an investigation of ap-
plying semi-active control system to truss towers using variable dampers. First, hysteresis of variable dampers is examined
using DDOF system. Second, the semi-active control system is applied to the truss towers to confirm the seismic response

reduction compared with the passive vibration control.
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VGL+79.5m

15th Table 1 Column properties
Stor Outside diameter Thickness
Y D (mm) t (mm)
1 355.6 7.9
2 355.6 7.9
53.75m 3 355.6 7.9
ard 4 355.6 7.9
ond 5 355.6 79
A 6 3185 6.9
1st layer "\ 7 3185 6.9
= 8 3185 6.9
SE=
NMm_ 8 . "v 9 267.4 6.6
- 007 ol 10 267.4 6.6
| _7jz25.75m 11 216.3 5.8
o _Jla _o {<y 12 2163 58
) X 13 165.2 45
(a) Elevation (b) Analysis model 14 165.2 45
Fig. 5 Truss tower structure 15 165.2 4.5
Natural Natural Natural
period period period
0.109's 0.660 s 0.189's
Effective Effective Effective
mass ratio mass ratio mass ratio
41.2% 40.8% 16.0%
7th mode 1st mode 4th mode

Fig. 6 Vibration characteristics
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Fig. 8 Damper locations of optimal models (SOP1-16)

Table 2 Damper material properties of optimal models

(a) SOP1
The number of damper 16
Input wave 1R 1G 2R 2G 3R 3G
Damper stiffness
Ky (x10° kN/m) 230.9 | 223.8 | 230.9 | 223.8 | 244.8 | 223.8

Optimal damping coefficient

Cldop_t(st/mm) 18.08 | 17.52 | 18.08 | 17.52 | 19.17 | 17.52

(b) SOP2
The number of damper| 8 16 | 24 48
Input wave All | All | Al | IR | 1G | 2R | 2G | 3R | 3G

Ky (x10%kN/m) 610.6 | 505.6 | 455.0|385.5|376.5|385.5|376.5|385.5|385.5
CldoE (kNs/mm)  |47.81|39.59|35.62|30.19|29.48|30.19 | 29.48 | 30.19 | 30.19
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1. Introduction
Application of energy dissipation devices for the passive vibration control of truss towers has been recently researched, because
these towers were generally designed to resist wind load. However, as the earthquake load requirements increases, these towers

are possibly to be damaged by large earthquakes. On the other hand, researchers have developed semi-active control device that

produces any adjustable control force using variable dampers. This paper describes an investigation of applying semi-active control

system to truss towers using variable dampers. First, hysteresis of variable dampers is examined using DDOF system. Second, the
semi-active control system is applied to the truss towers to confirm the seismic response reduction compared with the passive vibra-
tion control.

2. Overviews of control method and analysis method

In this study the Maxwell model is used to exhibit variable dampers. Modal control and optimal control theory are introduced to
calculate command forces. For variable dampers, the damping coefficient can be adjusted between upper and lower limits to achieve
the command forces. Optimal damping coefficients for passive dampers are applied for the upper limit of variable dampers.

3. Semi-active control of DDOF system

The hysteresis curves of variable and passive dampers are compared using DDOF system. The shape of a theoretical hysteresis

of semi-active controlled SDOF is a rhombus by adjusting damping coefficients of variable dampers. In DDOF system, when the

variable dampers are placed at a location close to free end, or mass at fixed end is larger than that at free end, the shape of hysteresis

similar to a butterfly. However, variable dampers can dissipate larger amounts of energy than passive dampers.

4. Semi-active control of truss tower structure

A truss tower numerical model is created based on an actual telecommunication truss tower consisting of 15 layers. The damper
arrangement of variable dampers is basically defined by the optimal locations of passive dampers. The effects of choosing control
mode, damper arrangement, the number of dampers and value of maximum damping coefficient on response reduction effect are
discussed using the numerical model.

5. Conclusions

As a conclusion, the following results are obtained.

1) In DDOF system, when the variable dampers are placed at a location close to free end, or mass at free end is smaller than that at
fixed end, the shape of hysteresis similar to a butterfly. However, variable dampers can dissipate larger amounts of energy than
passive dampers.

2) In the case of truss tower, peak displacement of semi-active control is less than passive control by using only 1st mode as the con-
trol mode. However, then peak acceleration of semi-active control is higher than that of passive control at lower layers, because
of adjusting damping coefficients of variable dampers.

3) When the variable dampers are installed at the optimal locations of passive dampers, the displacement response of the semi-active
control is smaller than that of passive control. The effect of semi-active control on the displacement reduction increases, as that of
passive control decreases.

4) The effect of semi-active control on response reduction is more significant compared to passive control as the number of dampers
decreases.

5) The optimal damping coefficient of passive dampers provides the least displacement response in passive control. On the other
hand, for semi-active control, the displacement response becomes smaller as the upper limit of damping coefficient of variable
dampers increases.
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