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Abstract: The paper deals with the modelling of a passenger car seat suspension system. Currently, vehicle 

safety and ride comfort are one of the most important factors of vehicle design. This article analyses a 

mathematical model of the passenger car seat suspension system. Furthermore, experimental measurements of 

the passenger car seat suspension system are performed. Utilizing the experimental data, model parameters are 

identified. From the chosen mathematical model a simulation model in constructed in Matlab is designed. In this 

simulation, the force-velocity and force-displacement characteristics of the passenger car seat suspension system 

are described. Finally, evaluation of simulated damper characteristics with the characteristics form measured 

data are performed.  
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1 Influence of seat suspension system on driving comfort and driving safety 

Driving comfort and safety is one of the most important aspects of the drivers operating 

space. The seating position of driver and passengers can improve driving comfort. The 

suspension vehicle system includes springs and dampers. The seat can be analogous to a 

system of springs and dampers. Damping coefficient of the seat can be changed by the 

properties of foam materials utilized. Increasing driving comfort simultaneously increase 

active safety. Damping coefficient of material can be experimentally measured. Mathematical 

models and simulations of the seat result in more economical ways to design and simulate seat 

comfort. 

2 Impact of vibrations on the human body  

The effect of vibrations on the human body results in the forced oscillation of certain body 

segments or the body as a whole. It depends on the way the vibrations are transmitted. Also 

physical properties of the vibrations like intensity and frequency represent a dominant part of 

forces in oscillation. Some exciting frequencies can be near the natural frequency of the body 

and its segments. In fig. 1, values of human body natural frequencies can be observed, [4]. 

The vertical oscillation is an important parameter in vehicle comfort and safety. ISO 2631 

standard evaluates the effects of vibration. This standard specifies the limits of effective 

acceleration values, depending on the time of impact and frequency of oscillation. It also 

defines decreased performance limits, reduction of comfort limits and health hazard limits, 

[5]. Decrease comfort limit is 3.15 times lower than the allowable limit. See fig. 2.   
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Fig. 1 Human body segment resonant frequencies, [1]. 

 

Fig. 2 ISO 2631, acceleration thresholds [1]. 

 

3 Passenger car seat construction 

 The typical construction of a car seat is a compromise between two contradictory 

requirements, fig. 3. The foam filling and suspension system have to be able to ensure a firm 

connection between the vehicle and driver, problematic zone being below 3 Hz - at lower 

frequencies. However the seat must also isolate the passenger from vibrations of increasing 

frequency. At the same time, the seat must ensure healthy posture of the driver and 

passengers. For the driver it is important to sit in the optimal forward direct field of vision. 

This aspect significantly affects active safety. 
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Fig. 3 Seat construction, 1- covers, 2 – foams, 3 – headrest, 4 – structure and suspension,  

5 – plastic trim, 6 – interface structure between floor and mechanisms, slides, handle, [2]. 

 

4  Measurement of passenger car seat suspension 

The experimental measurement was performed on a measurement test rig, test bed EDYZ 

4, which is a kinematic driver for car seats. The displacement was measured by potentiometer 

sensor and force was measured using strain gauges. The measurements were carried out 

according to the scheme in fig. 4, which schematically shows the involvement of measuring 

input and output devices. Output PCI card generates a signal and sends it to a servovalve. 

Force response is measured by strain gauges. The signals from the potentiometer and strain 

gauges are recorded through the input card at PC2, which is processed in LabVIEW Signal 

Express [6], [7].  

 

Fig. 4 Schematic model of the test rig. 



26 2017 SjF STU Bratislava Volume 67, No. 1 (2017) 

 

5 Modelling of the virtual passenger car seat suspension 

The passenger car seat suspension is described by the Spencer mathematical model, Fig. 5, 

equations (1,2,3) [3], and are implemented into MATLAB/Simulink, fig. 6. 

𝐹𝑀𝑅 = 𝑐1𝑦̇ + 𝑘1(𝑥 − 𝑥0) (1) 

𝑦̇ =
1

(𝑐0 + 𝑐1)
[𝛼𝑧 + 𝑐0𝑥̇ + 𝑘0(𝑥 − 𝑦)] (2) 

𝑧̇ = −𝛾|𝑥̇ −𝑦̇|𝑧|𝑧|𝑛−1 − 𝛽(𝑥̇ − 𝑦̇)|𝑧|𝑛 + 𝐴(𝑥̇ − 𝑦̇) (3) 

 

Fig. 5 Spencer mathematical model, [3]. 

 

Parameters c0 and c1 are coefficients of the viscous dampers. Parameters k0 and k1 are 

spring rates. Parameters 𝑥̇ and 𝑦̇ are velocities of the dampers. Parameter x represents the 

deflection of the spring and x0 initial compression of the spring. Parameter z is a variable of 

hysteresis and it is affected by parameters α, β, γ, n, A. Parameters α, β, γ affect linearity 

during stretching and also the transition from compressed to extended state. Parameter α 

represent the stiffness of the damping force and is related to variable z. Parameter n depends 

on the damping force and velocity [3]. 

 

Fig. 6 Spencer model in MATLAB/Simulink. 
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6  Comparison of the modelled and measured data 

In the following figures, fig. 7 and fig. 8, the graphical comparison of measured and 

modelled characteristics of the seat are shown. As excitations of the Spencer model were 

used, parameters of equations were identified using the parameter estimation toolbox.  

 

Fig. 7 Force – displacement characteristic. 

 

Fig. 8 Force – velocity characteristic. 

 

7 Conclusion 

The computer simulations significantly reduce the time needed to development and design 

the seat. Cost of properly constructed simulations is cheaper than manufacturing and testing 

of prototypes. The car seat is the only part of suspension that is in direct contact with the 

passengers. The measured data from experiment were used in a Matlab/Simulink model to 

tune the mathematical seat model. Simulation results were compared with experimentally 

measured values and correlate to approximately 86 %. More precise identification of the 

model parameters could result in a more accurate mathematical model, and should be the 

focus for further study. Also, using a more complex mathematical model could decrease 

errors between the simulation and experimental results. 
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