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A Study on Optimization of AMD Control Algorithm based on Stroke of
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Introduction

In this paper, an active control algorithm of buildings using AMD (Active Mass Damper) system is discussed.
Authors have already proposed a basic control algorithm based on strokes of an actuator and response velocity of a
structure, and the effectiveness of proposed algorithm is verified by active control simulations. In this paper,
parameters using in the proposed control algorithm are optimized using Genetic Algorithm (GA), and the
effectiveness of proposed optimization method is verified and discussed based on results of active control
simulations.

AMD Control Algorithm

In vibration control by AMD system, limitation on the stroke of actuator is one of the most important problems. When a
large seismic wave activates the building with AMD system, the stroke of the actuator has possibility to become larger
than the limitation. In order to solve this problem, authors propose a new AMD control algorithm in consideration of
states of the stroke of the actuator.

In this algorithm, the actuator can apply control force to make displacements of strokes of the actuator within designated
maximal stroke of the actuator (S,). Active control forces are activated when velocities of the top story of the building
become maximal or minimal. Using this algorithm, AMD system can perform maximal effect on reducing velocities of the
building within designated stroke of the actuator S,. In this algorithm, control forces should also be adjusted when the
stroke of the actuator reaches to S,. In this algorithm, virtual simulations are introduced, and amounts of control forces are
determined iteratively under simple assumptions. In this virtual simulation, if response strokes of the actuator are larger
than §,, amounts of control forces are reduced, and if response strokes of the actuator are smaller than S,, amounts of
control forces are increased. In this study, S, is assumed to vary in accordance with velocities of the top story of the
building (v,). Therefore, the relationship between v, and S, is defined in a two dimensional plane.

Optimization of v,- S, Curve

In this paper, the relationship between v, and S, is optimized using GA. Optimizations are performed based on earthquake
response analysis using three seismic waves, i.e., El Centro, Hachinohe, BCJ-L1, in which maximal accelerations are
normalized to 100 and 200cm/s’, respectively. To evaluate fitness values in GA operations, following four evaluation
indexes are introduced, i.e., 1) whether active control can be performed within the limitation of the stroke of the actuator
or not, 2) reduction ratios of displacements of the top story of the building, 3) amounts of energy of AMD system, 4) total
trip distances of the top story of the building. The total fitness values of GA operations are evaluated as multiplication of
fitness values of these 4 indexes in each seismic wave. The final fitness values are also evaluated as multiplication of total
fitness values of 3 seismic waves. Optimizations by GA are performed under different 3 random seeds in order to verify
whether same optimum solutions can be obtained or not.

Result of Optimization

Simulation results show that proposed algorithm is effective and employed AMD system can control the objective
building within the limitation of the strokes of the actuator and designated S, optimized by GA. However, errors of
response strokes of the actuator become large when maximal acceleration values of input seismic waves become large.
Optimization results using 3 different random seeds become almost the same but not identical. Therefore, proposed
optimization method by GA is considered to be effective.
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