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1. Introduction

Magnetorheological (MR) fluid damper shows great promising in semi-active control of civil engineering
structures, in which, fault-safe, low-power consumption, force controllability and rapid response are its
advantageous. However, a major drawback that hinders its application rests with the non-linear force/displacement
and hysteretic force/velocity characteristics. With regard to building control, it is crucial that a tractable model of the
MR damper should be available before any design in realizable controller. There are several MR damper models
proposed in the literature using a range of techniques. Models obtained by a deterministic approach include
Bingham, phenomenological, Bouc-Wen models. The Bingham model cannot represents nonlinear behavior of MR
damper and may be considered as a simple model for the hysteresis characteristic. The Bouc-Wen model uses a
differential equation to depict the non-linear hysteresis with moderate complexity and is widely applied in building
controls [1]. Nonlinear dependent relation between damper control force, floors displacement and velocity does not
allow to solve governing equation of motion which makes the structure response analyzing impossible. There are a
few new methods for estimating the response of structure with MR damper. In the present study modified Newmark-
Beta method base on the instantaneous optimal control algorithm is used to estimate the response of the coupled
system with MR damper, for the first time.

2. Methodology

Computing MR damper control force depends on piston displacement and velocity. On the other hand,
calculating displacement and velocity is not independent of control force, too. So it is not feasible to determine
control force and structures responses, for the next discrete time step, simultaneously. Because of the strong
nonlinear behavior of MR dampers that emerged in Bouc-Wen model, the equation of motion of coupled structures
becomes an involved equation and it is impossible to solve it with common time stepping methods [3]. In present
paper, the instantaneous optimal control algorithm based on Newmark-Beta integration proposed by Yang et al. [4],
is used for solving the involved equation without considering an especial control device interaction. In fact, in this
model, optimal control force is computed by an instantaneous performance index that included structure responses at
each time step iand different feedback of system states can be used in this index. In the instantaneous optimal
control, at each time step i, the control force is computed by minimizing the performance index and the structure
response can be estimated by this method. Estimated responses is leaded to calculate MR damper voltage and
control force.

3. Results and discussion

As proved in mentioned studies, using MR dampers is an appropriate method for reducing structures extra
movements. MR damper control force time history has been studied in three different strategies (passive off, passive
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on and semi-active) which passive on strategy produces the most control force but not efficient reduction of
structure response. However semi-active strategy applies average control force and decreases the response
sufficiently. Reduction in damper displacement and velocity and nonlinear behavior of MR damper is shown in
hysteresis loops in Fig. 1. Since the behavior of MR damper in low velocity, has been shown correctly in Fig. 1, it is
proved that the optimal control algorithm is an efficient method to forecast the response of structures. Also, optimal
control algorithm and Clipped-Optimal method comparison demonstrates that the optimal control algorithm
obtained responses are in an appropriate range. The summery of results under three different earthquakes (El-
Centro, Kobe, Loma prieta) have been shown in Table 1.
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Fig. 1. Hysteresis loops of MR damper optimal control algorithm under El-Centro earthquake

Table 1. The summary of results

Parameters Story El-Centro Kobe Loma prieta
Unc* Cont** unc Cont unc Cont
1 0.59 0.09 0.131 0.11 0.16 0.02
Maximum displacement (cm) 2 0.91 0.17 0.205 0.18 0.25 0.036
3 1.07 0.23 0.24 0.21 0.26 0.086
1 0.99 0.43 0.315 0.21 0.21 0.048
Maximum acceleration (g) 2 1.19 0.65 0.32 0.16 0.35 0.15
3 1.53 0.96 0.33 0.22 0.35 0.16
Maximum control force (N) 1 - 884.44 - 697.83 - 410.26
Maximum piston displacement 1 ) 0.09 ) 0011 ) 0.02
(cm)
Maximum piston velocity (cm/s) 1 - 453 - 4.12 - 2.45
Maximum voltage (v) 1 - 1.22 - 1.65 - 1.62

Unc*: uncontrolled responses, Cont**: controlled responses
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4. Conclusions

In this study structural control of a three story building is investigated. According to strong nonlinear behavior of
MR damper, it is impossible to gain the structure response with common time step methods. Resolving this problem
has been gained using instantaneous optimal control algorithm for calculating the control force, rewriting the
equation of motion and estimating coupled system responses at time t. Results show that using MR damper is an
efficient method for reducing structure response and optimal control algorithm is an appropriate method for solving
equation of motion.
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