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Abstract

Testing of car seats and evaluation of their quality depends on the testing technology used. Basically we
have two options to test the car seat in the car in a real ride or laboratory. Both methods have their
advantages and disadvantages. Testing a car seat in a car has a great advantage in performing the test.
You just need to sit on the driver's or passenger's seat, choose the right route for driving and the whole
test is set, unfortunately the big disadvantage is the repeatability of such a test, e.g. there must always
be the same the "test" person is preferably at the same time of the day and the same driver, i.e. the same
driving style on a given route in the same weather conditions. From experience, we can say that it will
never be possible to 100% reproduce the test. The advantage of laboratory testing is the almost perfect
reproducibility of test conditions, but the great disadvantage is the high time required for preparation,
e.g. measurement of test signals from real driving, reproducibility of these signals by the control system
of the laboratory test equipment.
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INTRODUCTION

Testing of car seats in laboratory conditions is performed according to the relevant standards (ASTM
D3574-11; JASO B407-87; DIN EN 1SO 3385; JASO B407-871978). Each standard specifies a test me-
thod that corresponds to a particular car seat load regime. The comfort of sitting and the level of fatigue
after a long drive with the car depend on the interaction properties of the car seat with the human body
at the point of contact with the seat. Reproduction of seat testing in real operation in laboratory conditi-
ons requires strict adherence to prescribed standards, i.e., simultaneous multi-axis loading in the vertical
and two horizontal directions. Therefore, the test equipment must be increasingly sophisticated, enabling
the implementation of load signals in multiple axes. The possibility of comparing tests from real opera-
tion and their uniform evaluation also depends on the method of realization of test signals. Of course,
the signals must be recorded correctly in the actual driving of the car along the specified route. A number
of studies have already been carried out in the area of loading PU foams describing its specific properties
(Han et al., 2011; Werner & Daniel, 2014; Yang et al., 2021) and describing properties under uniaxial
loading (Fliegel & Martonka, 2015; Martonka & Fliegel, 2016b). The aim of this paper is to compare
influence of one- and two-axes dynamic loading of car seat.

MATERIALS AND METHODS

Testing device

The current test facility was created as an innovation of the existing facility, which allowed the perfor-
mance of load tests of car seats in only one axis, i.e. vertical in the "z" axis. However, current normative
legislation requires testing in two axes, i.e. in the vertical axis and in the anteroposterior axis at the same
time. In order to meet the requirements of the standard, we have added a horizontal actuator to the
existing equipment, which serves as an exciter in the “x” axis (Fig.1). The excitation range in the vertical
axis is plus / minus 200mm and the anteroposterior axis is plus / minus 50mm. These ranges richly cover
the requirements of currently valid standards as well as the ranges of measured values of excitation
signals in real driving. A great advantage of said test device is the overall energy consumption for the
test. Because the exciters are electric, their consumption is an order of magnitude lower than that of their
hydrodynamic analogist. A sufficient amount of oil with the required pressure is required for the hydro-
dynamic hexapod to function properly, but this is created in the unit with the required power. This in-

creases the price of individual tests many times over. There is an expert discussion about the economy
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and ecology of the laboratory tests performed. Optimization of energy intensity of laboratory tests de-
termines the possibilities of their practical use. The signals required by the test methodology, both meas-
ured and generated, will used as test signals. The spatial movement of the seat or the load is then com-
posed of the realized excitation signals. From the preferred fluctuations and frequencies of the excitation
signal, we can prioritize the "force" of excitation in individual directions.

Fig. 1 Original test equipment for biaxial loading

Testing loading

Fittings corresponding to the EuroSit 111 test dummy were used as test loads. The existing test equipment
was used to perform the dynamic test. Loads differ in their design. The first type is very similar to the
human body, i.e. it is shaped like a moderately static person. This manikin is used both in testing in a
moving car as a "passenger" and in static testing of the seat, e.g. for measuring the H-point. The second
type of load used is a European copy of a medium-sized statistical person (Fig. 2). It is mainly used for
dynamic tests, both with free load, e.g. for determining transmission characteristics, ie dynamic load,
and with vertically guided load for determining, for example, seat creep. In this study we used the second
manikin.

Fig. 2 Original loading
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Principles of control

The actuator is basically an electric motor with a gearbox and a motion screw. This converts the rotary
motion of the motor into a sliding motion. The actuator is also equipped with a position sensor which is
used for position feedback control. An integral part of the actuator is an external control unit that pro-
vides power to the electric motor and implements the position feedback control. The actuator control
unit is connected to the user computer in several ways. The RS 485 serial line and software supplied by
the actuator manufacturer are used for basic parameter settings. The user application created in the Lab-
view environment is then used to control the movement of the actuator during testing. It uses logical
lines for communication, which are used for basic commands and status signals (eg start, ready, etc.).
The value of the desired position of the actuator is transmitted by an analog signal, so the speed is not
limited, for example, by the transmission speed of the serial line, and position changes can be very fast.
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Fig. 3 Block diagram of the basic actuator connection
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The test device allows movement in two axes Z and X. It therefore has two actuators, which are con-
trolled simultaneously by the user application. A connection block diagram is shown in the following
figure.
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Fig. 4 Block diagram of the testing device actuators connection

The user control application can to use an external file with time record of the excitation signal for the
actuator control or can directly generate fundamental harmonic signals. These methods can also be com-
bined, for example the Z axis can be controled with an external file and harmonic signal can to be add
to the X axis. This control method was also used for this testing, the Z axis was always excited by the
same signal from the file and harmonic signals with different amplitude and frequency were gradually
added to control the X axis.

Test signals and measurement

The resonant frequency of passive car seats is usually around 6 Hz. Therefore, an excitation signal in
the range of 0.5 to 16 Hz is usually used for the measurement. The frequency increases continuously
during the measurement in the specified range and the amplitude of the oscillations is usually set so that
the acceleration value of the excitation signal remains constant. Therefore, the amplitude must decrease
with increasing frequency of the excitation signal. Such a signal was created for the basic excitation in
the Z axis, the value of acceleration amplitude was set to 0.1 G. Its example is shown in the following
figure.
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Harmonic excitations in the X-axis direction with different amplitudes and frequencies were then added

to this basic Z-axis excitation signal during testing. An example of such a compound excitation is shown
in the following figure.
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Fig. 6 The example of the compound Z—X axis excitation

The Dewe 5000 measuring device was used for the measurement. Non-contact laser position sensors
were used to measure table and mass movements in the Z-axis direction. Two accelerometers simulta-
neously measured the acceleration of the table and the mass again in the direction of the Z axis. The
experiment was further captured by a camera, the image recording is synchronized with the measured
data. The sampling frequency of the data was 500 Hz, the camera took 100 images per second.
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Fig. 7 Block diagram of the measurement arrangement

Mathematical channels for automatic calculation of the amplitude transmission characteristic in real
time were defined in the measuring device. In the first step, the amplitudes of the measured signals are
detected and the transmission value is calculated as the ratio of the amplitude of the signal from the mass
and the signal of the excitation table. Two transfer functions are calculated, one from movements and
the other from the accelerations. The result is therefore two transmission characteristics, which should,
however, be essentially the same. The double measurement and calculation method was chosen to refine
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the results and eliminate possible errors. In addition, the course of the amplitude transmission characte-
ristic is synchronized with the image recording. When analyzing the results, the shape of the characte-
ristic can be assigned to the visible oscillations of the mass.

RESULTS AND DISCUSSION

The tests carried out show a significant influence of loading in the horizontal direction on the size of the
natural frequency and the size of the transmission. The magnitude of the transmission from the accele-
ration as well as the values of the natural frequencies for excitation in the Z-axis (5 to 11Hz) and the X-
axis with frequencies of OHz, 2Hz, 5Hz, 8Hz and 11Hz at 0.1G are shown in Fig. 8.
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Fig. 8 Test results — Transmission from acceleration for Z-axis excitation 5to 11Hz and 0.1 G

It can be seen from the figure that there are two effects if we introduce excitation in the X axis. The first
effect is that the natural frequency is reduced (from 8.2Hz to 7.8 or 7.4Hz). The second effect is that the
transmission value is reduced. A more pronounced drop in transmission was seen at lower frequencies
(adrop of 26.5% at 2Hz and 24.5% at 5Hz), at higher excitation frequencies the drop was smaller, 3.8%
for 8Hz and 4.4% for 11Hz. The described effects of biaxial loading extend the knowledge gained from
uniaxial loading described in the studies (Fliegel & Martonka, 2015; Martonka & Fliegel, 2016b) using
device (Martonka & Fliegel, 2016a). In addition to the above, the performed tests showed the functio-
nality of the developed device (Fliegel et al., 2019), which make it possible to carry out tests according
to the relevant standards for biaxial loading of car seats (ASTM D3574-11; JASO B407-87; DIN EN ISO
3385; JASO B407-871978).

CONCLUSIONS

The aim of the research was to perform initial measurements on the developed device (Fliegel et al.,
2019) and to compare the influence of one- and bi-axial dynamic loading of a car seat. The results
showed a significant effect of horizontal excitation on the transmission in the car seat, when both the
transmission and the resonance of the car seat were reduced. In real operation, the car seat is exposed to
multi-axial loads, for this reason a 3-axis test device was designed (Fliegel et al., 2021; Lepsik et al.,
2021), which should bring further refinement of the behavior of the car seat. The subject of further work
will be the execution of a more extensive set of measurements at different input parameters (amplitude,
frequency) as well as a set of seats made of different foam stiffness and foam thickness. Knowledge of
natural frequencies must be taken into account when designing the seats so that there is no unwanted
strain on the human body of the crew.
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