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Abstract
The paper presents the results of laboratory simulation tests of a suspension system for a car seat. The first part 
of the paper contains a description of the experiment, paying particular attention to the conditions in which the 
tests were conducted and the properties of the electrically controlled damper, which was mounted in the tested 
car seat’s suspension. Graphs of the damper’s operation were determined for different values of current intensi-
ty and the signal controlling the damper’s damping ratio and then the damping characteristics were determined 
on this basis. Simulated tests of the car seat’s suspension were carried out on a car component test station. 
During the tests, the values measured were the acceleration recorded at selected points on the dummy, which 
was placed on a seat equipped with suspension using a magnetorheological (MR) damper during the experi-
ment. The second part of the paper presents an analysis of the results of the experimental tests with particular 
emphasis on the influence of the current that controls the operation of the damper on the values of the RMS 
index of the acceleration at selected points of the dummy.

Introduction

Semi-active suspension systems are a compro-
mise between the effectiveness of vibration reduction 
and energy consumption. The operation of semi-ac-
tive vibration isolation systems is based on modi-
fying the damping and stiffness coefficients during 
the vibration cycle. For this purpose, actuators with 
adjustable damping and stiffness coefficients are 
used. It is becoming increasingly common for these 
elements to be designed with the use of smart mate-
rials, such as piezoelectrics, shape-memory materi-
als, and magnetorheological fluids (Gromadowski, 
Osiecki & Stępiński, 1992; Gromadowski, Osiec-
ki & Stępiński, 2001; Islam, Ahn & Truong, 2009; 
Truong & Ahn, 2012). Nowadays, controlled damp-
ers that use magnetorheological and electrorheolog-
ical fluids can be found in the offerings of a number 
of companies, and magnetorheological dampers are 

becoming more common in the automotive industry. 
There are many strategies for controlling the damp-
ing coefficients, the most common control methods 
include: SkyHook, GroundHook, and “clipped” LQR 
(Rakheja & Boileau, 1998; Islam, Ahn, & Truong, 
2009; Truong & Ahn, 2012; Wu et al., 2018).

The principle of the operation of magnetor-
heological dampers (Islam, Ahn &Truong, 2009; 
Truong & Ahn, 2012; Jaśkiewicz & Więckowski, 
2018) is based on a damper filled with a magne-
torheological fluid, which is a combination of fer-
romagnetic filings and synthetic oil as the carrier 
fluid. A solenoid coil is placed in the piston of the 
damper, to which the current signal that controls the 
damper is supplied. The magnetic field lines that are 
generated by the coil envelop the MR fluid with-
in the gap through which the MR fluid flows. The 
volume flow rate of the fluid between the damper 
chambers depends on the pressure difference in the 
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fluid chambers. The pressure difference is propor-
tional to the forces acting on the individual columns 
of the MR damper. When there is no current in the 
coil, the ferromagnetic particles are dispersed in 
the carrier fluid and the MR damper behaves like 
a normal viscous damper. The movement of the pis-
ton is counteracted by the friction force in the seals 
and the force resulting from the flow of the fluid. 
If current is passed through the coil of the damp-
er, the ferromagnetic particles are aligned parallel 
to the direction of the magnetic field (perpendicular 
to the direction of the fluid flow). The movement of 
the piston is also counteracted by the force of the 
magnetoresistance effect; the essence of this effect 
is that a change in the viscosity of the fluid in the 
working chamber can occur in mere milliseconds, 
as a result of the changes in the magnetic field.

As a result of changes in the viscosity, the flow of 
fluid through the gap is limited, which increases the 
hydraulic resistance of the movement of the piston 
and generates a damping force that corresponds to 
these changes. The control range of this force is lim-
ited by the maximum current in the coil.

Methodology and experimental tests

The element that was studied was the suspension 
for a car seat, equipped with a magnetorheological 
damper (Lord RD-1005-3) (Figure 1, Table 1). The 
damper is a monotube shock absorber filled with 
nitrogen gas and it has a high compression ratio. 
During the movement of the piston, the magnetorhe-
ological fluid passes from one chamber of the damper 
to the other through small holes in the piston that are 
surrounded by the solenoid coils. By controlling the 
current flowing through the coil by means of a con-
trol system, the value of the magnetic field strength 
can be changed, resulting in a change in the viscos-
ity of the fluid, which in turn results in a change in 
the damping force. In addition, a gas accumulator is 
placed in the vibration damper, which compensates 
for the change in the volume of fluid caused by the 
presence of a piston rod that moves the piston. The 
damping element is mounted in the seat’s suspension 
in such a way that, by changing the damping force, it 

is possible to affect the vibrations that are transferred 
from the test station’s platform to the car seat.

The first stage of the research consisted of deter-
mining the characteristics of the Lord RD-1005-3 
damper. For this purpose, the damper was mounted 
on a strength test station (Figure 2).

Figure 2. Testing the damper in the test station

The inducer of the testing station generated 
a kinematic sine induction with constant amplitude 
(0.04 m) and an induction frequency of 0.5 Hz, 1 Hz, 
1.5 Hz, 2 Hz, 2.5 Hz and 3 Hz. These inductions 
made it possible to determine six graphs of the oper-
ation for each of the six current values – the signal 
controlling the damper (0 mA, 192 mA, 381 mA, 
570 mA, 758 mA and 942 mA). The examples of 
the damper’s operation diagrams presented in Fig-
ures 3, 4, 5 and 6 confirmed that increasing the cur-
rent intensity of the input signal, which controlled 
the damper operation, resulted in an increase of the 

N2 chamber Membrane Nozzles Bearing

Coil MR fluid Power supply

Figure 1. Structure of the damper (Truong & Ahn, 2012)

Table 1. Technical specification of the damper (MR RD1005-
3) (Truong & Ahn, 2012)

Parameter Value
Length of the retracted piston rod, mm 155
Maximum length of the piston rod, mm 208
Diameter of the body, mm 41.4
Diameter of the shaft, mm 10
Mass, g 800
Electrical characteristics:
Maximum input current, A 2
Input voltage, V DC 12 
Resistance 5 Ω at 25°C,  

7 Ω at 71°C
Mechanical characteristics:
Maximum tensile force, N 4448
Maximum operating temperature, °C 171
Response time, ms (depending on the 
amplifier and power supply)

< 25 (time to reach 
90% of the maxi-
mum level at the 
input with a jump 
from 0 to 1 amps)
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damper’s damping force (Osiecki, Gromadowski 
& Stępiński, 2006).

On the basis of the operation graphs, the damp-
ing characteristics were determined; indicating the 
dependency of the damping force on the piston’s dis-
placement velocity. The determined damping char-
acteristics of the damper are presented in Figures 7, 
8, 9 and 10.
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Figure 7. Damping force characteristics as a function of pis-
ton displacement velocity for a current of 0 mA
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Figure 8. Damping force characteristics as a function of pis-
ton displacement velocity for a current of 192 mA
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Figure 9. Damping force characteristics as a function of pis-
ton displacement velocity for a current of 381 mA
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Figure 3. Damping force characteristics as a function of pis-
ton stroke for a current of 0 mA
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Figure 4. Damping force characteristics as a function of pis-
ton stroke for a current of 192 mA
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Figure 5. Damping force characteristics as a function of pis-
ton stroke for a current of 381 mA
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Figure 6. Damping force characteristics as a function of pis-
ton stroke for a current of 758 mA
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Figure 10. Damping force characteristics as a function of pis-
ton displacement velocity for a current of 570 mA

The results of the stationary tests of the damp-
er and their analysis allowed the next stage of the 
research to be carried out, which was aimed at ana-
lyzing how the value of the current that controls the 
damper affects the travel comfort of the passengers. 
The tests were carried out at the M.A.S.T. test sta-
tion shown in Figure 11. Such test stations are built 
to test the fatigue life of vehicle components and 
functional tests of complete cars as well as those 
of individual assemblies or components of vehicles 
(Gromadowski & Więckowski, 2012; Więckowski, 
2015). The test station consists of a movable plat-
form at the top which is connected to a fixed base 
by a system of six synergic inducers; the inducers 
generate time-varying displacements and these dis-
placements cause vibrations that affect the tested 
object. The test station uses measurement and diag-
nostic equipment based on technology from MTS 
Systems Corporation.

Figure 11. Testing on the M.A.S.T. test station using a dummy

The conducted tests consisted of the analysis 
of the impact of a constant acceleration of 4 m/s2 

in the vertical direction on a car seat’s suspension 
equipped with a damper with variable damping 
characteristics. A dummy of an adult male was 
placed on the tested seat. In the course of the study, 
the value of the current of the damper control sig-
nal was changed, while the recorded values were 
the acceleration of the dummy’s head and torso, the 
base of the seat and the top platform of the test sta-
tion (Zuska & Stańczyk, 2015; Zuska, 2017). The 
M.A.S.T. test station allowed tests to be carried out 
simulating mechanical vibrations in the frequency 
range of 1 to 20 Hz.

Examples of the waveforms of the acceleration 
recorded at the head and torso of the dummy and on 
the base of the seat and the top platform for induc-
tion frequencies of 4 Hz and 7 Hz are presented in 
Figures 12, 13 and 14, 15.
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Figure 12. Waveforms of the accelerations recorded for an 
induction frequency of 4 Hz and a damper controlling cur-
rent of 0 mA
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Figure 13. Waveforms of the accelerations recorded for an 
induction frequency of 4 Hz and a damper controlling cur-
rent of 381 mA
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Based on the recorded waveforms of the accel-
erations, the RMS indices were determined for 
the different values of the current controlling the 

damper’s operation, which are presented in Table 2. 
The impact of the value of the current of the damper 
control signal on the RMS accelerations, recorded 

Table 2. The values of the RMS index of accelerations for induction frequencies in the range 1–20 Hz

0 mA 1 Hz 2 Hz 3 Hz 4 Hz 5 Hz 6 Hz 7 Hz 8 Hz 9 Hz 10 Hz 15 Hz 16 Hz 20 Hz
head 2.00 3.12 3.72 3.63 3.47 2.9 2.7 3.12 3.41 3.07 2.71 2.29 1.46
torso 2.71 3.07 3.41 3.68 3.7 3.2 2.63 2.6 2.65 2.56 1.91 2.26 1.52

seat base 2.88 3.17 3.55 3.11 3.68 3.3 2.73 2.24 2.26 2.19 1.73 2.13 1.6
platform 2.42 2.44 2.39 2.49 2.5 2.43 2.35 2.27 2.2 2.11 1.88 1.83 1.79
192 mA 1 Hz 2 Hz 3 Hz 4 Hz 5 Hz 6 Hz 7 Hz 8 Hz 9 Hz 10 Hz 15 Hz 16 Hz 20 Hz

head 2.70 2.94 3.36 3.28 3.89 4.14 3.8 4.27 4.67 3.97 3.08 2.52 1.69
torso 2.75 2.88 3.12 3.26 3.63 3.93 3.95 4.41 4.67 4.02 2.32 2.49 1.55

seat base 2.91 2.91 3.15 3.11 3.25 3.61 3.3 2.77 3.02 2.96 1.87 1.94 1.64
platform 2.48 2.44 2.45 2.46 2.47 2.34 2.27 2.21 2.21 2.06 1.88 1.95
381 mA 1 Hz 2 Hz 3 Hz 4 Hz 5 Hz 6 Hz 7 Hz 8 Hz 9 Hz 10 Hz 15 Hz 16 Hz 20 Hz

head 2.68 2.89 3.41 3.31 3.98 4.92 4.76 5.5 5.2 3.85 3.18 2.6 1.95
torso 2.72 2.84 3.05 3.27 3.68 4.39 4.8 5.44 5.07 3.89 2.44 2.4 1.56

seat base 2.88 2.86 3.11 3.1 3.39 4.1 3.91 3.76 3.71 3.13 2.08 1.92 1.7
platform 2.45 2.39 2.38 2.48 2.48 2.41 2.33 2.27 2.24 2.09 1.92 1.84 1.76
570 mA 1 Hz 2 Hz 3 Hz 4 Hz 5 Hz 6 Hz 7 Hz 8 Hz 9 Hz 10 Hz 15 Hz 16 Hz 20 Hz

head 2.69 3.03 3.76 3.32 3.93 4.81 4.82 5.55 5.02 3.88 2.96 2.47 1.86
torso 2.75 2.95 3.31 3.26 3.64 4.5 4.96 5.6 4.89 3.94 2.29 2.3 1.51

seat base 2.87 2.94 3.27 3.06 3.25 4.06 4.43 3.72 3.71 3.22 1.97 2.13 1.61
platform 2.46 2.46 2.55 2.49 2.51 2.43 2.35 2.31 2.17 2.08 1.87 1.77 1.78
758 mA 1 Hz 2 Hz 3 Hz 4 Hz 5 Hz 6 Hz 7 Hz 8 Hz 9 Hz 10 Hz 15 Hz 16 Hz 20 Hz

head 2.74 3.13 3.63 3.31 3.81 4.76 4.9 5.4 5.07 3.89 2.91 2.35 1.79
torso 2.80 2.99 3.21 3.28 3.59 4.58 5.08 5.49 5.03 4.02 2.19 2.16 1.51

seat base 2.92 2.96 3.19 3.2 3.37 4.18 4.23 3.66 3.64 3.53 2.02 2.04 1.6
platform 2.49 2.46 2.44 2.48 2.44 2.46 2.35 2.25 2.17 2.09 1.9 1.79 1.74
947 mA 1 Hz 2 Hz 3 Hz 4 Hz 5 Hz 6 Hz 7 Hz 8 Hz 9 Hz 10 Hz 15 Hz 16 Hz 20 Hz

head 2.76 3.1 3.67 3.27 3.87 4.77 5.24 5.58 5.17 4.13 3.09 2.52 2
torso 2.82 3.01 3.29 3.26 3.67 4.65 5.35 5.66 5.14 4.26 2.27 2.28 1.67

seat base 2.92 2.96 3.3 3.13 3.29 4.29 4.43 4.09 3.55 3.24 2.15 2.1 1.52
platform 2.49 2.47 2.5 2.46 2.49 2.48 2.43 2.31 2.18 2.11 1.92 1.86 1.78
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Figure 15. Waveforms of the accelerations recorded for an 
induction frequency of 7 Hz and a damper controlling cur-
rent of 381 mA
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Figure 14. Waveforms of the accelerations recorded for an 
induction frequency of 7 Hz and a damper controlling cur-
rent of 0 mA
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at selected points on the dummy and the base of the 
seat, at the individual induction frequencies is pre-
sented in Figures 16, 17, 18, 19, 20, 21, 22 and 23.
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Figure 16. RMS acceleration values for an induction fre-
quency of 1 Hz
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Figure 17. RMS acceleration values for an induction fre-
quency of 2 Hz
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Figure 18. RMS acceleration values for an induction fre-
quency of 3 Hz
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Figure 19. RMS acceleration values for an induction fre-
quency of 4 Hz
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Figure 20. RMS acceleration values for an induction fre-
quency of 5 Hz
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Figure 21. RMS acceleration values for an induction fre-
quency of 6 Hz
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Figure 22. RMS acceleration values for an induction fre-
quency of 7 Hz
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Figure 23. RMS acceleration values for an induction fre-
quency of 8 Hz

Analysis of the test results

After the tests were carried out using the test 
station, the performance of the damping ele-
ment installed in the seat’s suspension could be 
evaluated on the basis of the results obtained. 
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The characteristics (waveform of the accelerations) 
determined for the selected points on the dummy 
allowed the influence of the change in the damping 
force of the damper, mounted in the seat’s suspen-
sion, on the transmission of vibrations to the human 
body to be assessed. By comparing the waveforms 
of the accelerations it can be seen that, for an induc-
tion frequency of 4 Hz at different values of the cur-
rent controlling the damping force, the influence of 
this force on the values of the obtained acceleration 
for all of the measurement points is small.

This dependency is noticeable at lower frequen-
cies, from 1 to 4 Hz. The same comparison was 
made for an induction frequency of 7 Hz, and it was 
noted that as the damping force increased, so did 
the acceleration. The highest acceleration values of 
approximately 10 m/s2 were recorded at 7 Hz and 
8 Hz for values of the damper control signal current 
of 570 mA, 758 mA and 947 mA. The operation of 
the damper at these parameters has an adverse effect 
due to the overlap with the natural frequencies of the 
system.

The analysis of the RMS index values indicated 
a disadvantageous influence of the damper’s oper-
ation mainly in the frequency range of 5 to 10 Hz. 
When the damper current was 0 mA, the RMS val-
ues did not exceed 4 m/s2. For the other current 
values, the RMS index reached values in the range 
of 4–6 m/s2. In this case, increasing the damper’s 
damping force caused the acceleration amplitudes to 
increase as well.

Conclusions

The subject of this research fits into the subject 
matter of the impact of vertical vibrations on people 
when they are driving a car. The paper presents the 
results of empirical research on this topic carried out 
using a test station.

At the turn of the 21st century, there was a step 
forward in terms of digital signal processing and 
control technologies. This created new opportuni-
ties for active and semi-active vibration damping 
systems in suspension, e.g. car seats. These technol-
ogies can complement traditional passive vibration 
damping methods, as they are best suited to low-fre-
quency interference in vehicles.

The development of active and semi-active sus-
pension covers interdisciplinary issues, including 
the theory of car movement, modeling and simu-
lation of car movement, and car dynamic control. 
This requires combining areas such as mechan-
ics, automation, electronics, computer science and 

computational techniques, control theory, signal 
processing and experimental research.

The results of the conducted research have indi-
cated that when the influence of vibration transmis-
sion on people while driving is assessed, it is neces-
sary to take into account not only the impact of the 
value of the current controlling the damper’s opera-
tion, but also the frequency range of the vibrations 
transmitted to the vehicle’s body. This requires the 
use of a damper control system combined with time 
and frequency analysis.

The potential of controlled mechanical vibration 
damping systems in vehicles are an area which has 
been known about for decades. However, wide-
spread implementation of controlled suspension sys-
tems has become possible relatively recently with 
the development of cheap processors.
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