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SMART SUSPENSION SYSTEMS 
 

 
 

Isolation of passenger and cargo from terrain induced shock and 
vibration, are the most important tasks of road vehicle suspensions. A 
suspension unit ought to be able to reduce body acceleration as well as 
dynamic tire force within the constraint of an imposed rattle space. Spring 
rate and damping are chosen according to comfort, road holding and 
handling specifications. The vibration isolation performance of the passive 

systems, with preset linear or non-linear stiffness and damping characteristics, is rather limited. Their 
transmissibility factors show that low damping gives good isolation at high frequency but poor 
resonance characteristics, while higher damping results in good resonance isolation at the expense 
of poor high frequency performance. The necessity of compromising between these conflicting 
requirements has motivated the investigation of controlled suspension systems. The control 
strategies can be grouped in two main categories: active and semi-active. By using an external 
power supply and feedback-controlled actuators, controlled suspension systems can be designed to 
perform better than any passive system. The external energy needed to generate the required 
control forces of a smart suspension is an important issue that must be considered in controller 
design. A fully active suspension requires the use of an actuator to produce both restoring and 
damping forces in order to control the vehicle response, and a significant energy input is generally 
required. The energy demand could be reduced by adopting a hybrid solution with a passive spring 
to support the static load and an actuator to control the dynamic response. Nevertheless, the 
reliability of these smart suspension systems is a very important issue, since they are prone to power 
source failure and vehicle destabilization due to the large amount of mechanical energy injected into 
the structure. In contrast, in a semi-active suspension system the standard shock absorbers are 
replaced by controllable dissipative devices. As the external energy is used only to modulate the 
variation of damping forces according to the employed control strategy, the semi-active system has 
no destabilization potential. Due to their high reliability, lower cost and comparable performances, 
semi-active suspensions have gained wide acceptance throughout the automotive engineering 
community. Magnetorheological dampers (MRD) are the most promising devices used nowadays for 
implementation of semi-active control in vehicle suspensions. A MRD is not very different from a 
conventional viscous damper. The key difference is the magnetorheological fluid, whose rheological 
properties can be modified by applying a magnetic field produced by a solenoid embedded inside 
the damper. Between the attractive features of the MRD are the relatively small manufacture costs, 
low power requirements (only 30-50 watts), reliability as long as the device forces are adjusted by 
varying a magnetic field instead of moving mechanical elements, and fast time response 
(milliseconds). By controlling the current supplied to the solenoid, a wide variety of semi-active 
control strategies can be implemented: „skyhook” or „balance logic” for comfort improving and 
ground-hook to reduce dynamic tire forces. Optimal control, neural network-based control and fuzzy 
control can be also applied to the suspension semi-active control with MRD. In present, the use of 
compuational intelligence methods is one of the most active research and development areas in 
control of dynamic systems. Particularly, in the automotive industry the application of fuzzy logic can 
improve both vehicle ride comfort and road handling performance. 
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