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Abstract 

The objective of this work is to investigate the dependencies between the physical parameters of vibration 

isolating modules for the complete attenuation of harmful oscillations in mobile machinery. To achieve this, 

algebraic criteria for the stability of dynamic systems developed by V.S. Voronov were utilized. Their good 

adaptability to dynamic processes in technical devices is demonstrated. A numerical calculation is presented 

based on the developed methodology for selecting proportional coefficients between physical characteristics of 

the same dimension. The achieved desirable result is demonstrated. A method for selecting the physical 

parameters of mechanical vibration damping modules is developed based on asymptotically stable, rapidly 

decaying oscillations to ensure optimal vibration isolation settings. 
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I. INTRODUCTION 

The complex technological design of modern vibration isolation elements in machinery is closely 

linked with the mathematical modeling of corresponding types of dynamic vibration dampers. In laboratory 

conditions, such actions are accompanied by the installation of elastic multilayer materials, rubber gaskets, 

pneumatic and hydraulic shock absorbers, spring modules, and other components. Vibration dampers are used 

to dampen the vibrations of a machine that occur when moving over uneven terrain and roads. These elements 

can dampen or minimize the transmission of high-amplitude vibrations originating from the source and suppress 

low frequencies. The most effective is the use of a combination of these elements, forming a single unified block 

[1]. Recently, the automotive market has widely presented ready-made hydraulic support modules. Their varieties 

differ in two main types: controlled and passive. Controlled hydraulic supports include those containing 

rheological, magnetorheological fluids, and electronic devices that provide control over the movement of the 

vibration-isolated object, with position sensors, speed and acceleration controls. They are called active vibration 

dampers, capable of changing their stiffness characteristics in accordance with the event that occurred during 

the operation of the mechanical device. The principle of operation of passive hydraulic dampers is based on the 

use of physical properties of structural elements during operation and converting the kinetic energy of the 

body's vibrations into the thermal energy of the fluid flowing through restricted openings. These single-axis 

damping devices occupy leading positions in the global automotive industry in terms of cost, simplicity of 

manufacture, economy, replaceability; they do not require additional expenses for creating electronic devices 

that maintain electrical and magnetic fields in active hydraulic supports. 

The vibration isolation system of a modern technical device includes several elastodamping elements, 

working sequentially and in parallel, performing different functional purposes. Elastic metal springs soften 

vibrations and support the structure, being part of the load-bearing support. Damping elements, by absorbing 

excess kinetic energy, provide quality parameters of smooth running in various road conditions. 

For each specific case, individual schemes and methods of vibration isolation are developed, and their 

corresponding mathematical models are studied. 

 

II. Derivation of the Motion Laws for the Mathematical Model of a Car Suspension with a Hydraulic 

Support and Inertial Mass 

We investigate the effect of an additional inertial mass inside the hydraulic support on the damping of 

both natural and forced oscillations of a part of the car. This considers a variant of passive vibration isolation of 

mobile machinery with a conventional metal spring, hydraulic damper, and hydraulic support with inertial mass 
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[1]. The overall model of the machine part's vibration isolation is represented in Figure 1 as a dynamic scheme 

with a single-axis hydraulic support and an inertial transformer [3-9]. It includes elements: m0 – the mass of the 

base, m2 – the mass of the inertial transformer, M – the vibration-isolated mass, c2 – the linear elasticity 

coefficient of the hydraulic support, c1 – the elasticity coefficient of the cylindrical spring of the car suspension, 

b2 – the damping coefficient of the hydrodynamic medium of the hydraulic support, b1 – the damping 

coefficient of the hydraulic damper of the suspension with linear properties relative to the vertical speed of 

displacement movement. 

 

 
Figure 1: General Dynamic Scheme of Vibration Isolation for a Body with Mass M and Inertial Mass m2 

of the Hydraulic Support 
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Figure 2: Natural Oscillations of the Vibration-Isolated Body 
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Figure3: Natural Vibrations of the Inertial Mass of a Hydraulic Support 

 

 
Figure 4: General Vibrations of the Vibration-Isolated Body from the Time Moment t = 2.5 s 

 

 
Figure 5: General Vibrations of the Inertial Mass of a Hydraulic Support from the Time Moment t = 6 s 
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