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H. Metered, "Application of Nonparametric Magnetorheological Damper
Model in Vehicle Semi-active Suspension System”, SAE Int. J. Passeng. Cars -

Mech. Syst. 5(1), 2012, DOI:10.4271/2012-01-0977.

ABSTRACT

Nonparametric models do not require any assumptions on the underlying input/output
relationship of the system being modeled so that they are highly useful for studying and
modeling the nonlinear behaviour of Magnetorheological (MR) fluid dampers. However, the
application of these models in semi-active suspension is very rare and most theoretical works
available on this topic address the application of parametric models (e.g. Modified Bouc-Wen
model).

In this paper, a nonparametric MR damper model based on the Restoring Force
Surface technique is applied in vehicle semi-active suspension system. It consists of a three
dimensional interpolation using Chebyshev orthogonal polynomial functions to simulate the
MR damper force as a function of the displacement, velocity and input voltage. Also, a
damper controller based on a Signum function method is proposed, for the first time, for use
in conjunction with the system controller of a semi-active vehicle suspension. A mathematical
model of a semi-active quarter-vehicle suspension using an MR damper is derived.
Suspension performance criteria are evaluated in the time and frequency domains in order to
quantify the suspension effectiveness under bump and random road disturbance.

The simulated results of the present study show that the applied nonparametric MR
damper model is able to express the behavior of the damper precisely and the force tracking
controller has the capability to track the desired damping force well. Compared with the
passive suspension system, the proposed semi-active control strategy improves the suspension
performance effectively.
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ABSTRACT

Semi-active vehicle suspension systems with Magneto-Rheological (MR) dampers have
recently received an increasing attention. Satisfactory performance of these systems is highly
dependent on the adopted control method. This paper offers theoretical and experimental
investigation of the control of vehicle suspension systems using a quarter car suspension
equipped with a MR damper. To achieve the best performance, a control method made of two
nested controllers is used. Fuzzy logic, skyhook and On-Off control techniques are studied as
system controllers in conjunction with a Heaviside step function as the damper controller. For
the theoretical study, the modified Bouc-Wen model of MR dampers is used to calculate the
damping force and a mathematical model of the semi-active quarter car suspension is derived
and used in the simulation. To prove the applicability of the proposed fuzzy logic controller in
a real suspension system, a two degrees of freedom quarter car test rig is designed and used.
To quantify the effectiveness of the system under bump and random road disturbance, various
performance criteria are evaluated based on the dynamic response of the quarter car
suspension system in time and frequency domains,. Simulation and experimental results from
the system with the fuzzy logic controllers are compared to the results from the system with
skyhook controller, On-Off controller, a passive MR damper and a conventional passive
damper.
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ABSTRACT

Proportional integral derivative (PID) control technique is the most common control
algorithm applied in various engineering applications. Also, particle swarm optimization
(PSO) is extensively applied in various optimization problems. This paper introduces an
investigation into the use of a PSO algorithm to tune the PID controller for a semi-active
vehicle suspension system incorporating magnetorheological (MR) damper to improve the
ride comfort and vehicle stability. The proposed suspension system consists of a system
controller that determine the desired damping force using a PID controller tuned using PSO,
and a continuous state damper controller that estimate the command voltage that is required to
track the desired damping force. The PSO technique is applied to solve the nonlinear
optimization problem to find the PID controller gains by identifying the optimal problem
solution through cooperation and competition among the individuals of a swarm. A
mathematical model of a two degree-of-freedom MR-damped vehicle suspension system is
derived and simulated using Matlab/Simulink software. The proposed PSO PID controlled
suspension is compared to both the conventional PID controller and the passive suspension
systems. System performance criteria are evaluated in both time and frequency domains, in
order to quantify the success of the proposed suspension system. The simulated results reflect
that the proposed PSO PID controller of the MR-damped vehicle suspension offers a
significant improvement in ride comfort and vehicle stability.
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ABSTRACT

This paper investigates the application of a controlled MR damper for a semi-active seat
suspension for heavy vehicles, enabling more appropriate control algorithm. The proposed
control system consists of a system controller that calculates the desired damping force using
a proportional integral derivative (PID) controller tuned using genetic algorithm (GA), and a
continuous state damper controller that estimates the command voltage that is required to
track the desired damping force. The controlled semi—active seat suspension is compared to a
passive seat suspension for predetermined base displacements. These inputs are calculated
separately from the vibration of the body mass of a passive quarter—vehicle suspension.
System performance criteria are evaluated in both time and frequency domains, in order to
verify the effectiveness of the proposed semi—active control algorithm. The generated results
show that the proposed genetic PID controller of MR seat suspension offers a considerable
enhancement of the ride comfort.
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S. Gad, H. Metered, A. Bassuiny and A. M. Abdel Ghany, “Multi-objective
genetic algorithm  fractional-order PID  controller for  semi-active
magnetorheologically damped seat suspension”, Journal of Vibration and

Control, In Press.

ABSTRACT

Recently, fractional-order proportional-integral-derivative (FOPID) controllers are
demonstrated as a general form of the classical proportional-integral-derivative (PID) using
fractional calculus. In FOPID controller, the orders of the derivative and integral portions are
not integers which offer more flexibility in succeeding control objectives. This paper proposes
a multi-objective genetic algorithm (MOGA) to optimize the FOPID controller gains to
enhance the ride comfort of heavy vehicles. The usage of magnetorheological (MR) damper
in seat suspension system provides considerable benefits in this area. The proposed semi-
active control algorithm consists of a system controller that determines the desired damping
force using a FOPID controller tuned using a MOGA, and a continuous state damper
controller that calculates the input voltage to the damper coil. A mathematical model of a six
degrees—of—freedom (DOF) seat suspension system incorporating human body model using
an MR damper is derived and simulated using Matlab/Simulink software. The proposed semi—
active MR seat suspension is compared to the classical PID, optimum PID tuned using genetic
algorithm (GA) and passive seat suspension systems for predetermined chassis displacement.
System performance criteria are examined in both time and frequency domains, in order to
verify the success of the proposed FOPID algorithm. The simulation results prove that the
proposed FOPID controller of MR seat suspension offers a superior performance of the ride
comfort over the integer controllers.
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ABSTRACT

Particle swarm optimization (PSO) technique has achieved a considerable success in
solving nonlinear, non-differentiable, multimodal optimization problems. Currently,
PSO is broadly applied in several scientific and engineering optimization applications.
This paper introduces an identification of Magnetorheological (MR) damper’s
parameters using the nonlinear PSO algorithm to introduce a more simple and accurate
model. The proposed model predicts the MR damper force as a nonlinear function of
the damper velocity, acceleration and command voltage to the damper coil, without
using any complex differential equations, which will be very beneficial for
complicated systems. PSO algorithm aims to minimize the root-mean-square-error of
the damping force between the proposed model and the modified Bouc-Wen model
which can estimate the dynamic behavior of the MR damper precisely. The validation
of the proposed model is achieved by comparing its behavior against the behavior of
the modified Bouc-Wen model. The validation results clearly reflect that the use of the
proposed model can dependably predict the dynamic response of the MR damper as a
nonlinear function of damper velocity, acceleration and command voltage.
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Engineering and Technology of Machinery. Springer International Publishing,
2015. pp. 389-399, VETOMAC X 2014 Conference, 9-11 Sep. 2014,
Manchester, UK. DOI 10.1007/978-3-319-09918-7_35

ABSTRACT

Fuzzy logic control (FLC) algorithm grants a means of converting a linguistic control
technique and it is widely used in vehicle applications. This paper demonstrates the
application of fuzzy logic technique to design a controller for the active vehicle
suspension system to improve the suspension system perfor-mance by altering the
number and arrangement of the rules set and the universe of discourses. A
mathematical model and equations of motion of quarter vehicle active suspension is
derived and solved using MATLAB/Simulink software. The proposed fuzzy
controllers using 9, 25 and 49 rules set with two different types of membership
functions, trapezoidal and triangle, are implemented in a closed loop control system to
demonstrate the influence of the numbers of rule set and the type of membership
function on the performance of suspension system. Suspension performance criteria
were assessed in both time and frequency domains. Performance comparisons between
the passive suspension, as a reference, and the proposed controllers of the active
suspension were achieved. The simulation results indicate that the proposed active
fuzzy controllers can dissipate the energy due to road excitation effectively and
improves suspension performance. Among the investigated systems, the 25 rules set
with a trapezoidal membership function for the fuzzy controller gives the best
performance.
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ABSTRACT

Magnetorheological (MR) dampers are the most promising devices for vibration
control applications because it has many advantages such as mechanical simplicity,
high dynamic range, low power requirements, large force capacity and robustness. In
this paper, a new approach for studying the forward and inverse dynamical behavior of
an MR damper using Non-Linear Autoregressive Models with Exogenous Inputs
(NLARX) is presented. NLARX is a built-in function re-lated to the identification
toolbox, MATLAB/Simulink software, used to identify the nonlinear behavior of
dynamic and engineering systems. The training and val-idation of the proposed model
are done theoretically using the data generated from the modified Bouc-Wen model.
Validation data sets representing a wide range of working conditions of the damper
show that the use of the NLARX model to predict the forward and inverse dynamical
behavior of MR dampers is reasonably accurate .
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