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< Abstract >
Unsteady aerodynamic force of tandem circular cylinders measured by the damping control method

Kazutaka Tanaka

1. Introduction

The parallel cables of stayed bridges are often suffered from the wind induced violent vibration called wake

galloping. As the mechanical measures to suppress the wake galloping, the parallel cables are often connected

each other using thin wires. However, since the excitation of the wake galloping is very severe, the wires are

frequently damaged and the troublesome repairing is required.

As the aerodynamic countermeasure, the applicability of the helical wires to suppress the wake galloping

was also investigated experimentally. However, the suppressive effects varies drastically, depending on the

geometric parameters of the wires and the definitive result could not be obtained.

Measurement of unsteady aerodynamic force is considered to be useful to clarify the mechanism of the wake

galloping and the effects of the helical wires. However, the existing methods to measure the unsteady

aerodynamic forces have various problems. In this study, the development of a new measurement method and the

aerodynamic forces acting on the tandem circular cylinders measured by the new method are reported.

2. Study procedure

The several methods have been developed for the measurement of the unsteady aerodynamic force. The most
popular one is the forced oscillation method, which has the advantage that the amplitude and the frequency of the
vibration can be kept constant. However, it requires very expensive equipment. In order to develop the new
method, keeping the advantage of the forced oscillation method, the utilization of the feedback control is
investigated. The concept of the new method is based on the fact that the unsteady aerodynamic forces are the
feedback variables from the motion of the structure. Thus, if the control can be realized to cancel the effects of the
aerodynamic force, the magnitude of the feedback control forces are equal to the aerodynamic forces with
opposite sign. However, the measurement system may be very complex, and may have the risk to diverge if the
phase lag is large. Consequently, the method that controls only the damping is developed in this study. This new
measurement method controls the damping of the model to keep the constant amplitude, and aerodynamic
damping force is measured from the control force. This new method is called “the damping control method”
hereafter. The precision of the method is verified by the measurement of the structural damping of the model in

calm wind. The results of the verification is satisfactory with the error of about 5%

3. Experimental result

The aerodynamic damping of the leeward cylinder of the tandem circular cylinders is measured using the newly
developed method. The spacing of two cylinders is 2D and 3D. where D is the diameter of the cylinder. The
schematic diagram of the measurement system is shown in Fig 1. The leeward cylinder is the spring mounted
two-dimensional model of single-degree-of-freedom, while the windward cylinder is fixed on the tunnel wall. The
leeward cylinder is connected to a linear motor by the piano wire. The motor is driven by the current, which is
proportional to the velocity of the model movement. The velocity is obtained by differentiating the measured
displacement using PC. The control force is adjusted manually by controlling the motor current.

The typical test results are shown in Fig.2. The cylinder spacing is 2D and reduced wind velocity is 75.4. The
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vertical axis is the non-dimensional amplitude and the horizontal axis is the sum of the aerodynamic damping and
structural damping. The damping rate varies from positive to negative and again varies to positive with an
increase in amplitude. The figure shows the existence of the unsteady limit cycle at Y/D=0.30 and stable limit
cycle at Y/D=0.55. The results of these limit cycles agree well with the results of the response obtained from the
past experiment. The results of the aerodynamic damping measurement in other cases also show the satisfactory
agreement with the response. Thus, it is proved that the newly developed method can be practically used for the
measurement of the aerodynamic damping under the wind in spite of scarce random excitation due to the gust

and/or small eddy separation.

4. Conclusion

The damping control method can measure the unsteady aerodynamic force with the satisfactory precision. It does
not require the expensive equipment. However, in this method, the control of the damping is difficult in the region
that the damping turns from positive to negative, because the damping is manually controlled. The automatic

control system should be developed in future.
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Figure.1 Testing Setup Figure.2 Logarithmic damping rate and Amplitude



