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ABSTRACT 

The main goal of this work is to help mitigate structural vibration in a helicopter seat using 

magnetorheological (MR) materials. The unique properties of MR materials, such as their 

ability to mechanically respond to magnetic fields and their characteristic material non-

linearity present practical implementation challenges. The analytical and computational 

models developed to quantify the performance of the MR fluid and elastomer has 

demonstrated that the proposed helicopter seat cushion system is effective in reducing the 

vibration experienced by the pilots. The seat cushion design proposed has been performed in 

collaboration with the National Research Council Canada. 

Keywords: helicopter seat cushion, magnetorheological materials, magnetic circuit design, 

finite element method. 

 

INTRODUCTION 

Exposure to high intensity, low frequency - 4 to 80 Hz - noise can cause Whole-Body 

Vibration (WBV), which has become an increasingly significant area of concern in helicopter 

seat design (Shanahan, 1984). This type of exposure interferes with the operational 

performance by degrading situational awareness that may affect decision making. Since there 

is nothing the pilot can do in-flight to minimize the discomfort, it becomes a distraction that 

can jeopardize flight safety. Many new conventional solutions and design modifications have 

been implemented on helicopters, and have achieved mixed performance improvements. In 

order to successfully reduce vibration level, vibration cancellation on seats technologies 

(locally) has attracted significant interest. 

Magnetorheological fluids and elastomers belong to a class of materials that are known as 

“smart materials”. The magnetorheological fluids are a type of smart fluid, which change 

elasticity, plasticity and viscosity properties in the presence of a magnetic field. In recent 

years, there has been a renewed interest in MR fluid devices, for example, in applications 

such as cycling, dampers, seat suspensions and prostheses or even polishing optical lenses 

(Wang, 2001). Magnetorheological elastomers are, like the MR fluids, a kind of smart 

material, which usually has three different components: a rubber or polymeric matrix (non-

magnetic); magnetically polarizable particles and few additives. 

 

RESULTS AND CONCLUSIONS 

There were two rigs to test and identify properties of the materials, in shear or compression 

mode. The objective from the computational point of view is to develop models that would 
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represent these rigs and evaluate the magnetic circuit behaviour, to validate the experimental 

procedure. The materials used in the cushion have a significant influence on the magnetic 

circuit. Different configurations of MR material cushion sections are explored to identify the 

parameters that affect the most the design and shape of the device, in order to maximize the 

magnetic field intensity within the gap. 

 

Fig. 1 - Cushion Cell 1 (left) and 2 (right) final results 

 

 
Fig. 2 - Final Seat Cushion Configuration 

 

The cross-sections of the final configuration are presented. Having the final dimensions and 

parameters, a magnetic simulation was performed, to check the behavior of the MR material. 

Further work should be performed in order to optimize the model, develop a more adequate 

control strategy and implement the final solution experimentally. 
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