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Abstract:

Introduction/purpose: Motor vehicles are complex dynamic systems due to
spatial displacements, changes in the characteristics of components during
their lifetime, a large number of influences and disturbances, the
appearance of backlash, friction, hysteresis, etc. The aforementioned
dynamic phenomena, especially vibrations, cause driver and passenger
fatigue, reduce the lifetime of the vehicle and its systems, etc.

Methods: In general, the movement of vehicles is carried out on uneven
roads and curvilinear paths in the road. Not only do oscillatory movements
cause material fatigue of vehicle parts, but they also have a negative effect
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on people's health. That is why special attention must be paid to the
coordination of the mutual movement of the subsystems, and in particular,
the vehicle suspension system, even at the stage of the motor vehicle
design. For these purposes, theoretical, experimental or combined
methods can be used. Therefore, it is very useful to have the experimental
results of the oscillations of the vehicle subsystem in operating conditions,
so the aim of this work was to use the movement of the 4x4 drive FAP 1118
vehicle in operating conditions (due to higher speeds - in road conditions)
to define the conditions for testing oscillatory loads in laboratory conditions.
Results:This is made possible by registering and identifying statistical
parameters of registered quantities.

Conclusion: Based on the measured data, the research can be
programmed on shakers in laboratory conditions, and, at the same time,
the size to be reproduced can be chosen as well.

Key words: motor vehicle, sprung and unsprung masses, oscillatory
loads, laboratory tests.

Introduction

Motor vehicles are complex dynamic systems due to the appearance
of spatial vibrations in movement, changes in the characteristics of
components during their lifetime, a large number of influences and
disturbances, the appearance of clearances, friction, hysteresis, etc.
(Demi¢, 1997, 2006, 2008; Demi¢ & Diligenski, 2003; Abe, 2009; Ellis,
1969; Milliken & Milliken, 1994; Genta, 1997; Gillespie, 1992; Rajamani,
2006). The aforementioned dynamic phenomena, especially vibrations,
cause driver and passenger fatigue, reduce the lifetime of the vehicle and
its systems, etc.

In general, the movement of vehicles is carried out on uneven roads
(terrain) and curvilinear paths in the road (terrain). Oscillatory movements
cause load on vehicle parts, but also have a negative effect on human
health (Demi¢, 2008; Hachaturov, 1976; Fiala, 2006; Simi¢, 1980). That is
why special attention must be paid to the coordination of the mutual
movement of the vehicle subsystems, and in particular, the suspension
system, even at the stage of designing a motor vehicle (Demi¢, 1997). For
these purposes, theoretical, experimental or combined methods can be
used, and it is very useful to have experimental results of vehicle
subsystem oscillations in operational conditions.

The road (terrain) can be identified based on its spatial geometry
(macrorelief) and microbumps (microrelief) (Jovanovi¢ & DBuri¢, 2009;
Demic¢ et al, 2022).
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The movements of the vehicle subsystem are conditioned, first of all,
by the shape and size of bumps as an external factor and oscillatory-
inertial characteristics, the torque of the engine and the vehicle velocity as
the phenomena related to the vehicle itself. Based on this, it can be
concluded that careful research and definition of the characteristics of
microbumps of roads on which vehicles drive, both from the aspect of the
characteristics of periodicity and from the aspect of energy levels,
elaboration and automation of the process of measuring bumps and the
mathematical apparatus for processing the obtained data, contribute to
reliability, optimality and safety of the construction of the vehicle itself. As
the description of road parameters and their identification are given in
detail in (Demi¢, 1997, 2008; Demi¢ et al, 2022; Abe, 2009; Jovanovi¢ &
Duri¢, 2009; Genta, 1997; Gillespie, 1992; Buri¢, 2009; ISO, 1995), there
will be no more talk about it in this paper.

As it is known (Cox & Reid, 2000), in laboratory conditions, signals
recorded during exploitation can be reproduced on pulse generators.
Therefore, the aim of this work was to establish the oscillatory movements
of sprung and unsprung masses of the vehicle in operational conditions
(when driving in road conditions), FAP 1118 vehicle, in order to create the
conditions for laboratory tests.

Oscilatory loads measurement for sprung and
unsprung vehicle masses

In order to determine oscilatory loads of sprung and unsprung masses
of a vehicle, we need to measure specific parameters in real conditions of
vehicle exploitation. Experiment design is a complex issue (Cox & Reid,
2000). In this specific case, the subject of the research was a FAP 1118
motor vehicle with 4x4 drive and a load capacity of 4t. The maximum mass
of the test vehicle is 11,000 kg, and during the test the vehicle was partially
loaded (total mass 7,800 kg - the static load of the front axle was 4,200,
and at the rear axle it was 2,850 daN). The measuring chain for measuring
the dynamic parameters of the vehicle consisted of the following elements:

- Kistler Correvit S-350 sensors, manufactured by Kistler group,
Switzerland, for direct slip-free measurement of longitudinal and
transverse vehicle dynamic studying and experimenting (taking into
account overall interactions of a complex system or a subsystem within a
complex system),

- HBM Quantum MX 840B, made by HBK from Germany, a universal
measuring acquisition system,
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- B-12 acceleration sensor, made by HBK, Germany, located in the
center of gravity of the rear truck bridge, and

- SST 810 dynamic inclinometer, manufactured by Vigor Technology,
Greece, placed in the center of gravity of the vehicle.

The measurement was done in Catman software, developed by HBK,
Germany.

Based on previous experience and the measurements made at the
Military Academy during tests for regular classes and research studies for
some doctoral dissertations (Grki¢, 2015; Muzdeka, 2008), it was
considered expedient to test the vehicle while driving in real operational
conditions, on an asphalt regional road near Belgrade (maximum driving
speed, 56.2 km/h - maximum vehicle speed 80 km/h). During the
experiment, the weather was nice and the road was dry. The length of time
records was 260 s (13000 points and a discretization step of 0.02 s).

The scheme of measuring points is given in Fig. 1 and for further
analysis, Figs. 2 - 4 partially show changes in the vehicle speed over time
and the oscillatory movements of the drive axles.

Analyzing all the registered values, partially shown in Figs. 2-4, one
can notice that the registered parameters of the vehicle movement depend
on time. At the same time, they belong to the group of random processes
(Bendat & Piersol, 2000). There is a whole range of methods for
processing such signals (Bendat & Piersol, 2000), and we will use some
of them in this paper.

Vehicle velocity
Three comp. of linear acceler.

Two angles

Three comp. of linear acceler.
Tree comp. of angular velocity

Figure 1 — Scheme of the measurement points on the FAP 1118 during testing
Puc. 1 - Cxema moyek uamepeHus Ha @Al 1118 npu ucrnbimaHusix
Cnuka 1 — Llllema mepHux maydaka Ha eo3usly @Al 1118 mokom ucnumugara
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Figure 2 — Vehicle velocity change while driving
Puc. 2 — ViameHeHue ckopocmu asmomobursisi 80 8peMsi O8UXEHUS
Cnuka 2 — [pomMeHa 6p3uHe 803Us1a MOKOM 8OXHe
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Figure 3 — Longitudinal, lateral and vertical acceleration of the front unsprung mass
Puc. 3 — podonbHoe, nonepedyHoe U sepmuKkaribHoe ycKopeHue nepedHel
HernodpeccopeHHoU mMacchbl
Cnuka 3 — [NodyxHo, 604HO U 8epmuKarHo ybp3are rpedHe HeoCIoheHe Mace 8o3urna
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Figure 4 — Roll, pitch and yaw velocity of the rear unsprung mass of the vehicle
Puc. 4 — Ckopocmb KpeHa, maHaaxa U pbiCkaHus1 3a0Hell HeroOpeccopeHHOU Macchi
mpaHcrnopmHoeo cpedcmea
Cnuka 4 — YeaoHe bp3uHe garbarba, 2anonupara U sujy2ara 3adkhe HeoC/I0HheHe Mace
eo3una

Data processing

There are several methodes for data processing in the literature. In
(Bendat & Piersol, 2000), it is suggested that the identification of random
processes is performed in the time, frequency and amplitude domains.
This approach is also adopted in this work.

Identification of data in the time domain

Having in mind the random character of all registered quantities, it
was considered expedient to calculate the parameters in the time domain
that will later be used for analysis (especially during amplitude
identification, and the calculations were performed using Statisdem
software developed in Pascal). This primarily refers to the threshold, the
mean value and the standard deviation of all registered quantities. For the
sake of illustration, Tables 1, 2 and 3 show the calculated values.

In order to determine the character of the registered values
(stationarity), with use of Analisigdem software developed in Pascal, the
autocorrelation functions were calculated and partially shown in Figs. 5, 6
and 7 and shown in Tables 1, 2 and 3.
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Table 1 — Characteristic values of the registered sizes of the sprung mass
Tabnuya 1 — XapakmepHble 3Ha4YeHUs 3apeaucmpupo8aHHbIX pasmepos
nodpeccopeHHOU Macchbl mpaHCriopmHo20 cpedcmea
Tabena 1 — Kapakmepucmuy4He epedHOCmMuU peaucmposaHuX 8e/IU4UHa OCIOHeHe Mace

sosuna
Measured parameters Min. Max. Mean Stand.
value value value Dev.

Vehicle velocity, km/h 0.612 56.232 25.428 12.925
Longitudinal acceleration, -55.880 29.760 0.311 3.672
m/s2

Lateral acceleration, m/s? -44.800 28.120 0.186 3.967
Vertical acceleration, m/s?2 -17.510 37.730 9.798 3.454
Roll, o -14.965 15.518 1.550 4.942
Pitch, o -9.995 15.375 2.283 3.728

Table 2 — Characteristic values of the registered values of the front unsprung mass
Tabnuuya 2 — XapakmepHbie 3Ha4eHUs1 3apeaucmpupo8aHHbIX 3HaqYeHul rnepedHel
HernodpeccopeHHOU Macchbl mpaHCcriopmHo2o cpedcmea
Tabena 2 — KapakmepucmuyHe epedHocmu peaucmposaHux 8esiuduHa rnpedre
HeocrioweHe mace gosuna

Measured parameters Min. Max. Mean Stand.
value value value Dev.

Vehicle velocity, km/h -3.272 1.648 -0.087 0.705
Longitudinal acceleration, -5.457 5.615 0.223 0.758
m/s2

Lateral acceleration, m/s? -4.249 18.717 7.248 2.701
Vertical acceleration, m/s?2 -4.809 54.078 2.310 3.451
Roll, o -16.685 18.639 0.998 2.099
Pitch, o -38.175 20.254 3.185 8.684

Table 3 — Characteristic values of the registered sizes of the rear unsprung mass
Tabnuya 3 — XapakmepHble 3Ha4YeHUs 3apeaucmpupo8aHHbIX pasmepos 3adHel
HernodpeccopeHHOU MacChbl mpaHCriopmHo2o cpedcmea
Tabena 3 — Kapakmepucmu4yHe 8pedHOCMU pe2ucmpo8aHUX 8esluduHa 3a0He
HEeOC/IOHeHe Mace 8o3urna

Measured parameters Min. Max. Mean Stand.
value value value Dev.

Vehicle velocity, km/h -8.856 5.030 0.278 0.996
Longitudinal acceleration, -4.741 7.515 0.256 0.913
m/s2

Lateral acceleration, m/s? -10.120 31.985 9.659 2.037
Vertical acceleration, m/s? -45.1835 53.461 1.940 5.534
Roll, o -47.081 24.568 14.836 | 3.447
Pitch, o -48.444 16.297 6.603 10.191
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Figure 5 — Autocorrelation function of the velocity (B), the vertical acceleration (C) and the
roll angle (D) of the sprung mass
Puc. 5 — AemokoppensayuoHHas yHkyus ckopocmu (B), eepmukarnbHozo yckopeHusi (C)
u yena KpeHa (D) noGpeccopeHHoU macchbl
Cnuka 5 — AymokopenauyuoHa ¢yHkyuja bp3uHe (B), eepmukarnHoe ybp3ara (C) u yana
saspara (D) ocrior-eHe mace
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Figure 6 — Autocorrelation function of the lateral acceleration (B), the roll angular velocity
(C) and the pitch (D) of the front unsprung mass
Puc. 6 — AemokoppensiyuoHHasi (hyHKUUs1 60koe0o20 yckopeHusi (B), yanoeol ckopocmu
kpeHa (C) u maHzaaxa (D) nepedHeli HernodpeccopeHHOU Macchbl
Cnuka 6 — AymokopenalyuoHa ¢yHKkyuja 6oyHoz ybp3ara (B), yezaoHe bp3uHe garbara
(C) u yaaoHe 6p3uHe 2anonupara (D) npedHe HeocrowkeHe mace
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Figure 7 — Autocorrelation function of the longitudinal acceleration (B), the lateral
acceleration (C) and the pitch (D) of the rear unsprung mass
Puc. 7 — AemokoppensiyuoHHas ghyHKUuUs npodosibHO20 ycKopeHus (B), nonepeyHo2o
yckopeHusi (C) u waea (D) 3adHel HernodpeccopeHHOU Macchl
Cnuka 7 — AymokopenayuoHa ¢yHkyuja boyHoz ybp3arka (B), yeaoHe bp3uHe garbar-a
(C) u yeaoHe b6p3uHe zanonuparsa (D) npedHe HeocowkeHe mace

Data identification in the frequency domain

Frequency analysis was performed using Analsigdem software
(Demic et al, 2001) with 8192 points and a discretization step of 0.02 s,
which enabled a reliable analysis in the region of 0.061 to 25 Hz (Bendat
& Piersol, 2000).

The analysis of random and bias errors, for the number of data used,
showed that a sufficient number of averaging is 100 for one signal and 138
for two signals, which achieves a minimum reliable frequency of 0.049 Hz
(this is acceptable in this experiment because it is lower than the one that
is obtained based on the length of the signal (Bendat & Piersol, 2000).
Bearing in mind that the phases of the calculated spectra do not allow the
analysis of the energy carried by the signal, it was considered expedient
to observe only the magnitudes of the calculated spectra, which are
partially shown in Figs. 8, 9 and 10.
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Figure 8 — Spectra magnitude of the sprung mass: Longitudinal (B), lateral (C) and
vertical acceleration (D)
Puc. 8 — AMnnumyOHsili criekmp nodpeccopeHHoU maccsl: npodosnbHoe (B), nonepeyHoe
(C) u sepmukansHoe yckopeHue (D)
Crniuka 8 — MaegHumyda criekmpa ocrioeHe mace: nodyxHo (B), 6oyHo (C) u
sepmukaiHo ybp3ame (D)
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Figure 9 — Spectra magnitude of the front unsprung mass: Lateral Acceleration (B), Roll
(C) and pitch (D)
Puc. 9 — AMnnumyOHsIl criekmp repedHeli HernodpeccopeHHOU mMacchl: 6okogoe
yckopeHue (B), kpeH (C) u maraax (D)
Cnuka 9 — MaeHumyda criekmpa npedre HeocriokeHe mace: 604HO ybp3ame (B),
yeaoHa 6p3uHa easbara (C) u yeaoHa bp3uHa 2anonupara (D)
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Frequency, Hz

Figure 10 — Magnitude spectrum of the rear unsprung mass: vertical acceleration (B), roll
(C) and pitch (D)
Puc. 10 — AMnnumyOHsbIl criekmp 3a0Hel HernodpeccopeHHOU Maccehl: 8epmuKanbHOe
yckopeHue (B), kpeH (C) u maHeax (D)
Cnuka 10 — MaeHumyOda criekmpa 3adHe HeOC/IOkeHe Mace: eepmukairHo ybp3ame (B),
yeaoHa 6p3uHa sasparba (C) u yeaoHa bp3uHa 2anonuparsa (D)

Identification of data in the amplitude domain

After all data analysis previously mentioned and given in (Bendat &
Piersol, 2000; Demi¢ et al, 2001; Vukadinovi¢, 1973; O Connor & Kleyner,
2012), more amplitude analyses were carried out for all registered values.
More precisely, the probability of occurrence of the observed quantity was
calculated by levels (Probability density-histogram, %), with the use of a
specially developed program in Pascal, Statistdem. The calculated values
are, for the sake of illustration, partially shown in Figs. 11-17.

Histogram, %
”

T T T T T 1
60 40 20 0 20 40

Sprung mass longitudinal acceleration, m/s”

Figure 11 — Density of the distribution of the longitudinal accelerations of the vehicle
sprung mass
Puc. 11 — lNnom+Hocme pacnpedeneHusi npodosibHbIX YCKOPeHUU nodpeccopeHHOU
maccbl mpaHcrnopmHoeo cpedcmea
Cnuka 11 — lN'ycmuHa pacriodene nodyxHux ybp3ara ocriobeHe Mace 8o3usna
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Figure 12 — Density of the distribution of the lateral accelerations of the sprung mass of
the vehicle
Puc. 12 — lNnomHocmb pacripederneHusi 60Ko8biX yCKopeHuUl NodpeccopeHHOU Macch!
mpaHcrnopmHoao cpedcmea
Cnuka 12 — l'ycmuHa pacrioderne 604HUX ybp3arba 0C/I0keHe Mace 8o3urna
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Figure 13 — Density of the roll angle distribution of the sprung mass of the vehicle
Puc. 13 — lNnomHocmb pacnpedeneHusi MOOPeCcCopPeHHOU MaccChl MpaHCrnopmMHO20
cpedcmea o yary KpeHa
Cnuka 13 — N'ycmuHa pacnoderne yena earbarba OC/I0H-EHe Mace 803una
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Figure 14 — Density of the distribution of the vertical accelerations of the front unsprung
mass of the vehicle
Puc. 14 — lNnomHocmp pacnpedesieHUs: 8epmukaribHbIX YCKopeHul nepedHel
HernodpeccopeHHOU Macchbl mpaHcriopmHyo2o cpedcmea
Cnuka 14 — N'ycmuHa pacrniodene eepmukanHux yop3ara rnpede HeOC/I0HhEeHe Mace
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Figure 15 — Density of the yaw distribution of the front unsprung mass of the vehicle
Puc. 15 — lNnom+Hocmb pacripedernieHus ya2rio8bix ckopocmel pbICKaHus nepedHel
HernodpeccopeHHOU Macchbl mpaHCrnopmHo2o cpedcmea
Cnuka 15 — lN'ycmuHa pacnoderne yeaoHe 6p3uHe sujyearba rnpedH-e HeoCoHheHe Mace
eosurna
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Figure 16 — Density of the distribution of the lateral accelerations of the rear unsprung
mass of the vehicle
Puc. 16 — lNnomHocme pacnpedeneHusi 60Ko8bIx ycKkopeHul 3adHell HeroopeccopeHHoU
macchl mpaHcrnopmHoeo cpedcmea
Cnuka 16 — l'ycmuHa pacrnoderne 604HUX ybp3arba 3a0H-e HEOCIOHkEeHEe Mace 803urna

Histogram, %
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Figure 17 — Density of the yaw distribution of the rear sprung mass of the vehicle
Puc. 17 — lNnomHocmb pacnpederneHusi yernosbix ckopocmel pbicKaHusi 3a0Hel
HernodpeccopeHHOU Macchbl mpaHCropmHo2o cpedcmea
Cnuka 17 — 'ycmuHa pacriodene y2aoHe bp3uHe sujy2arba 3adH-€ HEOC/IOH-EHE Mace
eosuna
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Discussion of the analyzed data

Based on Tables 1-3, it is obvious that there are differences in the
levels of the registered values for both unsprung and sprung masses,
which indicates the necessity of performing more detailed analyses.

Analyzing all the calculated values of the autocorrelation functions,
partially for the sake of illustration, shown in Figs. 5-7, it was determined
that they decrease with increasing time delay, or slightly oscillate around
the zero value (the exception is the case of velocity). Bearing in mind
(Bendat & Piersol, 2000), it can be concluded that all the values, except
the vehicle velocity, can be considered as stationary and the theory of
stationary random processes can be used for their identification.

The analysis of all calculated spectrum modules, partially shown in
Figs. 8-10, showed that the largest amplitudes are not unique: they depend
on the measuring place (sprung and unsprung mass), as well as on the
registered value.

In the spectrograms, there are usually three areas where extreme
values are expressed, approximately in 1-2, 9-11 and 17-24 Hz. Based on
(Simi¢, 1980), it can be argued that the resonances in the 1-2 Hz range
originate from the sprung mass, 9-11 from the drive group, and in the range
of 17-24 Hz from the unsprung masses. This statement is important for
programming the test of the observed vehicle in laboratory conditions. It
should be noted that, in practice, the vehicle suspension system is usually
designed according to the resonance of the vertical vibrations of the
sprung and unsprung masses of the vehicle (Mitschke, 1972), which will
not be discussed here.

It is usual to start the initial statistical analysis by applying the so-
called Null hypotheses (Vukadinovi¢, 1973; O Connor & Kleyner, 2012). In
this particular case, the normality of the distribution of the mean value of
the measured quantities was tested, in relation to the basic set (with an
infinite number of members), with a significance level of 5%.

Namely, for the adopted significance level of 0.05, the value gr was
calculated according to the expression (Vukadinovi¢, 1973; O"Connor &
Kleyner, 2012):

gr :T 1)

where
o - standard deviation, and
n - number of samples in the set.
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The hypothesis is confirmed if the absolute value of the mean value
of the registered quantity is smaller than the size gr (Vukadinovi¢, 1973;
O Connor & Kleyner, 2012).

More precisely, using the Statisdem program, an analysis of the
correctness of the adopted Null hypothesis (in the specific case for the
mean value of 0) was performed for all measured quantities (Tables 4, 5
and 6).

Table 4 — Normality test-Null hypothesis-Dependent mass: significance level of 0.05
Tabnuua 4 — Tecm Ha HOpMaslbHOCMb - Macca, 3asucsilasi om Hyseeoul aurnomesbl-
rnodpeccopeHHasi Macca: yposeHb 3Haqumocmu 0,05
Tabena 4 — Tecm HopmanHOCMU — Hy/ima xuromesa — OC/lokeHa mMaca: HUgo
3Ha4ajHocmu 0,05

Long. Lat. Vert. Roll Pitch | Veh.
acc. acc. acc. angle, | angle, | velocity,
m/s? m/s? m/s? 0 0 km/h
Abs. val. of 0.311 0.186 9.798 1.550 | 2.283 | 25.428
middle val.
of sample
Value gr 0.065 0.071 0.062 0.089 | 0.061 | 0.228

Table 5 — Normality test-Null hypothesis-Front unsprung mass: significance level of 0.05
Tabnuya 5 — Tecm Ha HopmansbHocmb - Hyneegas eunome3sa - lNepedHss
HernodpeccopeHHasi Macca: yposeHb 3Haqdumocmu 0,05
Tabena 5 — Tecm HopmanHocmu — Hysima xuriome3sa — rpedra HeoCIOHkeHa Maca: HuUgo
3HayajHocmu 0,05

Long. Lat. Vert. Roll, Pitch, | Yaw, o/s
acc. acc. acc. ols o/s
m/s? m/s? m/s2

Abs. val. of 0.0879 | 0.223 7.248 2.310 | 0.998 | 3.185
middle val. of
sample

Value gr 0.012 0.012 0.048 0.062 | 0.037 | 0.1026

Table 6 — Normality test-Null hypothesis-Rear unsprung mass: significance level of 0.05
Tabnuua 6 — Tecm Ha HopMmanbHOCMb - Hyneeas sunomesa - 3adHss
HerloOpeccopeHHas macca: yposeHb 3Hadumocmu 0,05
Tabesna 6 — Tecm HopmanHoCMu — Hynima xuriome3a — 3a0ka HeOC/IOEeHa Maca: HU8o
3HayvajHocmu 0,05

Long. Lat. Vert. Roll, Pitch, | Yaw, o/s
acc. acc. acc. ols ols
m/s?2 m/s?2 m/s2
Abs. val. of 0.211 0.194 7.337 1.473 0.713 | 1.641
middle val.
of sample
Value gr 0.021 0.020 0.047 0.127 | 0.079 | 0.183
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By analyzing the data from Tables 4, 5 and 6, it can be concluded that
the Null hypothesis was not satisfied in any case, for the significance level
of 0.05 (Vukadinovi¢, 1973). Therefore, alternative hypotheses must be
used, which will be discussed later.

In statistics, there is often a task to define intervals that satisfy the
probability of 0.95 (the significance level of 0.05). The calculations were
performed using the Statisdem program, and the values are shown in
Tables 7, 8 and 9.

Table 7 — Value limits of the measured values of the sprung mass for the significance
level of 0.05
Tabnuya 7 — lNpedernbHble 3Ha4YeHUs1 U3SMEePEeHHbIX 8eTUYUH Mo0pecCcopeHHOU Macchl o
yposHto 3Haqumocmu 0,05
Tabena 7 — paHU4YHe 8pedHOCMU U3MEPEHUX 8e/TU4UHA OC/IOHEHE Mace 3a HUBO
3Ha4ajHocmu 0,05

Long. Lat. Vert. Roll Pitch | Veh.

acc. acc. acc. angle, | angle, | velocity,

m/s? m/s? m/s? ° ° km/h
Min. -7.43 -7.97 -6.90 -8.19 | -6.92 | 0.61
Max. 6.40 8.23 7.04 12.13 | 8.19 28.14

Table 8 — Limits of the values of the measured sizes of the front unsprung mass for the
significance level of 0.05
Tabnuya 8 — lNpedernbHble 3Ha4YeHUSI U3MePEHHbIX 8e/TUYUH nepedHel
HernodpeccopeHHOU Macchl 1o yposHr 3Hadumocmu 0,05
Tabena 8 — paHUYHe 8pedHOCMU U3MEPEHUX 8e/TUYUHA NPedH-e HEOCIIOkEHE Mace 3a
Hueo 3Ha4yajHocmu 0,05

Long. Lat. Vert. Roll, o/s | Pitch, | Yaw,
acc. acc. acc. ols ols
m/s? m/s? m/s2
Min. -1.68 -1.43 -4.24 -6.81 -4,19 | -17.67
Max. 1.20 1.58 3.17 6.60 4,72 15.98

Table 9 — Threshold values of the measured sizes of the rear sprung mass for the
significance level of 0.05
Tabnuuya 9 — lNpedesibHble 3HaYeHUSsT UBMEPEHHbIX 8eJTU4UH 3a0Hel nodpeccopeHHoU
maccbl 1o yposHio 3Hadumocmu 0,05
Tabena 9 — paHu4Ye 8pedHOCMU U3MEPEHUX BENIUYUHA 3a0H-€ HEOCTIOHEHE Mace 3a
Hugo 3HayajHocmu 0,05

Long. Lat. Vert. Roll, Pitch, Yaw,
acc. acc. acc. ols o/s ols
m/s? m/s? m/s?
Min. -2.12 -2.01 -4.16 -10.3 | -7.27 -22.8
Max. 1.66 2.19 4.33 11.61 | 7.92 14.03
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The data from Tables 7, 8 and 9 can be useful when defining the test
conditions of an observed test vehicle in laboratory conditions.

A very important step in amplitude identification is hypothesis testing.
There are several tests for that purpose, but the so-called The
Romanovsky test was used as a simple test and as a superstructure for
the test. x2 which will be briefly explained. The x2 test (Vukadinovi¢, 1973)
is defined as:

N _f 2
7= Z—( ! f_f“) @)
1 ti

where

fi - frequency of the i-th class,

fti - theoretical frequency of the i-th class, and
N - number of classes.

In (Vukadinovi¢, 1973), a simple Romanovski criterion is given, which
is defined by the expression:

172K

J2k

K=N-1-1 (4)

®3)

where

In expression (4):

— N - number of additions in (1) and

— | - the number of unknown parameters in the assumed probability
distribution.

The hypothesis is accepted if R<3, and rejected if R>3.

Bearing in mind that the mean values of the registered values are not
always positive, it was considered expedient to perform hypothesis tests
with Gaussian and Laplace distributions (Vukadinovi¢, 1973; O'Connor &
Kleyner, 2012). Previously, based on experimental and theoretical
distribution functions, using the method of minimizing the square of the
difference, the parameters of the Laplace distribution were identified (this
procedure is based on the application of the Hooke-Jeves method and is
covered in detail in (Demié¢, 1997), so it will not be discussed further). Using
Statistdem software, the values for R were calculated and given in Tables
10, 11 and 12.
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Table 10 — Values of the Romanovsky criterion for the sprung mass
Tabnuua 10 — 3HayeHus kpumepusi PomaHogcko20 01151 1o0peccopeHHOU Macchl
Tabena 10 — BpedHocmu kpumepujyma PomaHO8CKO2 3a OCIIoHeHy Macy

Long. Lat. Vert. Roll Pitch Veh.
acc. acc. acc. angle,® | angle, ° velocity,
m/s? m/s? m/s2 km/h
Gaussian 2.0867 | 5.2975 | 1.5914 | 6.846 6.792 6.841
distribution | E+41 E+12 E+6
Laplace 6.890 6.941 6.922 6.904 6.859 6.920
distribution

Table 11 — Values of the Romanovsky criterion for the front unsprung mass
Tabnuua 11 — 3HayeHusi kpumepusi PomaHoackozo 0risi nepedHeli HernodpeccopeHHOU
maccebl
Tabena 11 — BpeGHocmu Kpumepujyma PomaHogckoe 3a npelHy HEOC/IOHkEHY Macy

Long. Lat. Vert. Roll, Pitch, o/s | Yaw, o/s
acc. acc. acc. ols
m/s? m/s? m/s2
Gaussian 5.668 2.160E | 3.207 2.2769 | 7.970E+0 | 6.838
distribution +02 E+35 4
Laplace 6.836 6.680 6.813 1.967E | 6.861 6.514
distribution +03

Table 12 — Values of the Romanovsky criterion for the rear unsprung mass
Tabnuuya 12 — 3HayeHusi Kpumepusi PomaHogckozo 0r1s1 3adHel HernodpeccopeHHOU
maccebl
Tabena 12 — BpedHocmu kpumepujyma PomaHo8cKoz 3a 3a0tby HEOC/IOHEHY Macy

Long. Lat. Vert. Roll, Pitch, o/s | Yaw, o/s
acc. acc. acc. ols
m/s? m/s? m/s2
Gaussian 9.016E | 4.404E | 7.708E | 1.059E | 2.324E+1 | 6.807
distribution | +08 +03 +12 +10 9
Laplace 6.734 6.741 6.889 6.935 6.929 4.862
distribution

By analyzing the data from Tables 10-12, it can be determined that
not a single registered value is subject to the Gaussian and two-parameter
Laplace distribution. Moreover, in most cases, there is a better match with
the Laplace distribution. Bearing this in mind, it was considered expedient
to perform an additional check using the Kolmogorov-Smirnov test
(Vukadinovi¢, 1973; O Connor & Kleyner, 2012), the idea of which will be
briefly explained.

First, the difference between theoretical and experimental cumulative
probability is formed, and its maximum absolute value is calculated, i.e:
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D, = max|R (x) - R.(x)|, X € (- oc, + ) ©)

where

P. and P. — theoretical and experimental cumulative distributions,
respectively, and

x — the variable whose probability is being analyzed.

The criterion for testing the hypothesis is given by the expression:
LImP(Dn\/ﬁ < /1) = Q(/l) = Z(_l)k e—2k2/12 ()

where

A — evaluation parameter,
k —index, and

Q — probability function.

The procedure consists of calculating the size D,v/n and then for the
adopted significance level, e.g. a=0.05, it is calculated by the desired
probability, i.e.:

Qis=1-a=1- 0.05=0.95 )

Based on expression (7), from the series of the values calculated for
Q as a function of A (calculated using Statistdem software, and there are
also Tables in (Vukadinovic, 1973; O 'Connor & Kleyner, 2012), the
guantity corresponding to the probability of 0.95 is determined, i.e. Aogs. In
this specific case, for the probability of 0.95 (the significance level of 0.05),
Ao.9s=1.363. Now comparing the sizes p,vn with Ao.gs. If D,,v/n is bigger than
1.363, then the hypothesis is rejected.

For further analysis, a value was calculated for all registered sizes
D,\/n and shown in Tables 13, 14 and 15.

Bearing in mind the data from Tables 13, 14 and 15, as well as the
Kolmogorov-Smirnov criterion, it can be claimed that not a single
registered quantity is subject to the Gaussian and Laplace distribution (as
well as in the case of applying the Romanovsky criterion). It was
considered expedient to show some of the approximate results in Figs. 18-
23 for the sake of illustration.
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Table 13 — D,+/n max values for the Kolmogorov-Smirnov test for the sprung mass
Ta6nuua 13 — 3HayeHusi Dy\n Makc. no mecmy Konmozopoea-CmupHosa 0r1si
rnodpeccopeHHoU macchbl
Tabena 13 — BpedHocmu Dp\/n makc. 3a Konmozopos-CMUpHO8 mecm 3a OCroH:eHy

macy
Long. Lat. acc. | Vert. acc. | Roll Pitch Veh.
acc. m/s? m/s2 angle, © angle, °© velocity,
m/s? km/h
Gaussian 70.075 119.973 | 1115.042 | 135.715 423.314 665.677
distribution
Laplace 491.399 | 196.510 | 247.475 542.993 506.152 254.032
distribution

Table 14 — D,.v/n max values for the Kolmogorov-Smirnov test for the front unsprung

mass

Tabnuua 14 — D,\/n makc. sHayeHusi no mecmy Konmozoposa-CmupHosa dnsi nepedHet
HernodpeccopeHHoU Macchl
Tabena 14 — BpedHocmu D,\/n makc. Error! Bookmark not defined.3a Konmozopos-
CmupHO8 mecm 3a rpedrby HEOCIIOHEHY Macy

Long. Lat. acc. | Vert. acc. | Roll, o/s Pitch, o/s | Yaw, o/s
acc. m/s? m/s2
m/s?
Gaussian 113.691 | 255.286 | 1034.683 | 577.797 378.897 491.697
distribution
Laplace 1084.63 | 724.010 | 652.474 404.340 268.824 139.788
distribution | 9

Table 15 — D,,»/n max values for the Kolmogorov-Smirnov test for the rear unsprung

mass

Tabnuua 15 — D,\/n makc. no mecmy Konmozoposa-CmupHosa 0ns 3adHell
HernodpeccopeHHoU Macchl
Tabena 15 — D,\/n makc. 3a Korimo2opos-CMupHo8 mecm 3a 3adkby HEOCIIOHEHY Macy

Long. Lat. acc. | Vert. acc. | Roll, o/s Pitch, o/s | Yaw, o/s
acc. m/s? m/s2
m/s?
Gaussian 139.528 | 208.358 | 958.797 225.617 941.660 475.060
distribution
Laplace 484.170 | 625.340 | 246.347 225.691 279.450 152.903
distribution
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Histogram, %

Sprung mass lateral acceleration, m/s’

Figure 18 — Gaussian approximation of the lateral accelerations of the sprung mass
(B-Experiment, C-Theory)
Puc. 18 — layccosa annpokcumayusi 60K08bIX yYCKOPeHUl MoOpeccopeHHol mMacchl
(B-akcnepumeHnm, C-meopusi)
Cnuka 18 — Naycosa anpokcumauyuja 604HUX ybp3arba OC/IoHEHe Mace
(B —ekcriepumeHm, C — meopuja)

—|
—C

Histogram, %

Sprung mass lateral acceleration, m/s®

Figure 19 — Laplace approximation of the lateral accelerations of the sprung mass
(B-Experiment, C-Theory)
Puc. 19 — Annpokcumauyus Jlannaca nonepeyvHbix yCKOPeHUl nodpeccopeHHoOU mMacchbl
(B-akcriepumeHm, C-meopusi)
Cnuka 19 — Jlannacoea anpokcumayuja 604HUX ybp3ar-a OC/IoOHeHe Mace
(B —ekcriepumeHm, C —meopuja)

668



— B
—
20
15
R
E
[ 10 4
=)
<]
=]
2
I 5
0
¥ T ¥ T T T ¥ T T T 3 T
20 15 -0 5 0 5 10 15 20
Roll velocity of front unsprung mass, o/s

Figure 20 — Gaussian approximation of the rolling angular velocity of the front unsprung
mass (B-Experiment, C-Theory)
Puc. 20 — Mayccoea arnnpokcumayusi y2r1080l CKOpocmu KavyeHusi nepedHel
HeroOpeccopeHHoU maccel (B-akcnepumenm, C-meopus)
Cniuka 20 — [aycoea anpokcumauyuja y2aoHe 6p3uHe earbarba nPedH-e HeOCTIOHEHE
mace (B — ekcriepumeHm, C —meopuja)

Histogram, %
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Roll velocity of front unsprung mass, o/s

Figure 21 — Laplace approximation of the rolling angular velocity of the front sprung mass
(B-Experiment, C-Theory)
Puc. 21 — Annpokcumayusi Jlannaca yanogol ckopocmu KadyeHusi nepedHel
HenodpeccopeHHol macchl (B-akcriepumeHm, C-meopusi)
Cnuka 21 — Jlannacoea anpokcumauyuja y2aoHe 6p3uHe 8arbara rpedHe HeOC/IOHEeHe
mace (B — ekcnnepumeHm, C — meopuja)
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Figure 22 — Gaussian approximation of the vertical accelerations of the front unsprung
mass (B-Experiment, C-Theory)
Puc. 22 — ayccosa annpokcumayusi 8epmukarbHbIX yCcKopeHul nepedHel
HernodpeccopeHHoU maccel (B-akcnepumenm, C-meopus)
Crnuka 22 — Naycosa anpokcumayuja eepmukanHux ybpsara npedre HeoC/IomeHe Mmace
(B — ekcriepumerm, C — meopuja)

Histogram, %
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Figure 23 — Laplace approximation of the vertical accelerations of the front unsprung
mass (B-Experiment, C-Theory)
Puc. 23 — Annpokcumayus Jlarnnaca eepmukarnbHbIX ycKopeHul nepedHel
HenodpeccopeHHol macchl (B-akcriepumeHm, C-meopusi)
Cnuka 23 — Jlannacosa anpokcumayuja eepmukasnHux ybp3arba npedre HeoC/10HeHe
mace (B — ekcnnepumeHm, C — meopuja)
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Based on the data from Tables 13-15, as well as on illustrative Figures
18-23, it can be considered useful to accept the position that the obtained
results can be approximated by the Laplace distribution, in the initial
stages of designing laboratory research of heavy motor vehicles.

We note that the Gaussian distribution is defined by two parameters:
the mean value and the standard deviation given in Tables 1-3. In this
paper, the two-parameter Laplace distribution was used, the parameters
of which were identified by the optimization method and given in Tables 16
and 17.

Table 16 — Parameters of the Laplace distribution for the sprung mass: xi/xz
Tabnuua 16 — lNapamempsi pacnpedeneHusi Jlannaca 01151 NOOPECCOPEHHOU Macchl: X1/Xz2
Tabena 16 — lNapamempu Jlannacose pacriodesne 3a OCroHkeHy Macy: Xi/Xz

Long. Lat. Vert. Roll Pitch Veh.
acc. m/s? | acc. acc. angle,® | angle, ° velocity,
m/s? m/s2 km/h
3.9/2.79 | 5.1/0.62 | 5.7/0.007 | 15.1/1.5 | 9.6/0.016 | 14.6/5.96
6 7

Table 17 — Parameters of the Laplace distribution for the unsprung masses: xu/Xz
Tabnuua 17— MNapamempsi pacripedeneHusi Jlannaca dnsi HernoGpPeCccopeHHbIX Macc:
X1/X2
Tabena 17 — MNapamempu Jlannacose pacrnodesie 3a HEOCIOkEHE Mace: Xi/X2

Long. acc. Lat. acc. Vert. acc. | Roll, o/s | Pitch, Yaw,
m/s? m/s? m/s2 ol/s ols
Front 14.1/0.19 6.2/0.0047 | 6.70/2.63 | 1.90/0.8 | 4.30/- 3.20/1.
5 0.23 07
Rear 6.60/0.0026 | 6.0/-0.042 | 3.50/0.21 | 4.80/- 3.30/1.2 | 3.4/2.8
2.81 4 9

The values from Tables 16 and 17 make it possible to generate the
Laplace distribution during laboratory tests.

Based on the results of the performed analyses (the time identification
parameters - mean values and autocorrelation function, the amplitude
identification parameters - probability density, and the frequency
identification parameters - spectra) it is possible to program research in
laboratory conditions - on shakers. At the same time, depending on the
available types of pulsators, the size that will be reproduced should be
selected. Most often, these are vertical oscillations, but it can be some
other oscillatory movements (it should be noted that pulsators which can
simultaneously generate six excitations are rare).
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Conclusion

In order to understand the possibility of creating conditions for testing
oscillatory loads of sprung and unsprung masses of heavy vehicles in
laboratory conditions, tests were carried out on the FAP 1118 vehicle with
4x4 drive, where the oscillatory parameters were measured in the
operating conditions of the vehicle. The measurements for this research
and the analysis of the change in vehicle velocity, longitudinal, lateral and
vertical acceleration of the front and rear unsprung masses as well as in
the roll, pitch and yaw of the front and rear unsprung masses of the vehicle
showed that the observed measured values belong to the group of random
processes which were identified using time, amplitude and frequency
parameter identification. Mean values, autocorrelation functions,
amplitude spectra and probability density and mean probability were
calculated in the time domain. Frequency analysis was performed using
Analsigdem software, observing the magnitude of the calculated spectra
of longitudinal, lateral and vertical accelerations and roll, pitch and yaw.
Amplitude analysis, i.e. the probability of occurrence of the observed
guantity by levels, was performed for all registered quantities.

After the performed analyses, it was determined that there are
differences in the levels of the registered sizes for both unsprung and
sprung masses. By analyzing all the calculated values of autocorrelation
functions, it was determined that they decrease with increasing time delay,
or slightly oscillate around the zero value (the exception is the case of
velocity), so it can be concluded (Bendat & Piersol, 2000) that all variables,
except the vehicle velocity, can be considered stationary and for their
identification the theory of stationary random processes can be used. The
analyses of all calculated spectrum modules have shown that the highest
amplitudes are not unique, but depend on the measurement location
(sprung or unsprung mass), as well as on the registered size. In
spectrograms, there are usually three areas where extreme values are
expressed; therefore, based on (Simi¢, 1980), it can be claimed that the
resonances in the area of 1-2 Hz originate from the sprung mass, the
resonances in the area of 9-11 originate from the drive group, and those
in the area of 17-24 Hz originate from the unsprung masses. The statistical
analysis of the data began with the analysis of the correctness of the
adopted Null hypothesis, after which the intervals that meet the probability
of 0.95 (the significance level of 0.05) were defined. After this, the
hypothesis was tested using the Romanovski test which represents the
superstructure for the test x2. The analysis of the obtained data found that
not a single registered quantity is subject to the Gaussian and two-
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parameter Laplace distribution, and in most cases, the agreement with the
Laplace distribution is better. With an additional check using the
Komogorov-Smirnov test, one can accept the position that the obtained
results can be approximated by the Laplace distribution, in the initial
stages of designing laboratory research of heavy motor vehicles. The
values of longitudinal, lateral and vertical acceleration, roll, pitch and
vehicle velocity were obtained as the parameters of the Laplace
transformation for sprung and unsprung vehicle masses.

Depending on the available types of pulsators in laboratories, but also
on the necessary analyses of oscillatory load parameters of sprung and
unsprung vehicle masses, it is necessary to choose an adequate size that
will be reproduced. Most often, these are vertical oscillations, but it can
also be some other oscillatory movement. Values of vertical oscillations
are most commonly used since they can be reproduced relatively easily
on pulsators with a single excitation. Such laboratory tests in most cases
give high-quality results of oscillatory loads of supported and unsupported
masses of freight vehicles and are used most often.

For more complex research and experiments, data were obtained for
longitudinal and lateral accelerations as well as for angular speeds of
rolling and galloping of the supported and unsupported mass of a vehicle.
However, the use of all the mentioned quantities in laboratory conditions
can be realized by using special pulsators which can generate six
excitation types. Such pulsators are rare and are used for complex tests in
laboratories.
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Bknag B nccnegosaHve konebaTenbHbIX HAarpy30K NOAPECCOPEHHbIX U
HenogpeCcCOPEHHbIX Mace C Lernbio CO34aHns ycnoBun ang
nabopaTopHbIX UCNbITaHWUI PY30BbLIX aBTOMObMNEn

Mupocnae [. Oemny?, Anekcardp C. [xypu4®, KOppecnogeHT,
AnexcaHdp P. Mpkuue, Momup M. [Opakynuu®, [Cnasko Myxaeka®|
a Akapemunst uHxeHepHbix Hayk Cepbun, r. Benrpag, Pecny6nuka Cepbus

6 YuueepcuteT 060poHb! B I. Benrpaa, BoeHHasa akagemus, aenapTameHT
BOEHHOr0 MalLMHOCTpoeHus, . benrpaa, Pecny6nuka Cepbus

& ABToMoTO (hbepepaumsi Cepbuun, LieHTp aBTOTpaHCcnopTa,
r. benrpag, Pecnybnuka Cepbua

PYBPUKA TPHTW: 55.43.00 ABTomobunectpoeHne
BWO CTATbW: opurmHansHas Hay4Has ctaTbd

Pesrome:

Beederue/uyenb:  Aemomobunu  npedcmaensom  cobol  CrIOXHble
OuHamu4veckue cucmembl, 00YCrI08/1EHHbIE  MPOCMPAHCMBEHHbLIMU
rnepemeuwieHUsIMU, U3MeHeHUeM Xxapakmepucmuk demareli 8 npoyecce ux
aKcrinyamauyuu, 6onbwum Korudecmeom eo3delicmeuli U 803MyueHuUd,
rosiernieHUeM  loghmos,  mpeHusi, eucmepe3uca U m. 0.
BoiweynomsiHymble  QuHamuyeckue siereHusi, 0cobeHHo eubpauuu,
8bI3bI8AIOM yCmasiocmb 800UMeris U MaccaXupos, Cokpaujarom CpOoK
cnyx6bl asmomoburis u e2o cucmem u m. 0.

Memodkl: B ocHo8HOM Q8UXeHUe asmompaHcriopma ocyulecmersiemcsi
10 HeposHbIM Gopo2aM U KpUuBOSIUHEUHbIM y4yacmkam. KonebamernbHbie
08UXXEHUS 8bI3blgalom ycmarnocmb Mamepuasia oemasel MawuHbl, a
makxxe OKasblearom Hez2amueHoe esiusHue Ha 300posbe ritodel. Bom
royeMy ewje Ha amarie rPoeKMmMuUpPo8aHusi agmomobursisi ocoboe sHUMaHue
Heobxodumo ydensamb coeriacosaHur0 e3aumoodelicmausi O8UXeHUU
noocucmem, U 8 YyacmHocmu, cucmembl rnoosecku asmomobuns. [ns
amux ueneld Mmoeym Obimb  UCMOMb308aHbI  MeopemuYecKue,
9KCriepuMeHmarsibHble  Unu  KOMOUHUpPO8aHHble ~ Memoldbl.  VIMEeHHO
103MOMY OYE€Hb [10J/IE3HO UMEeMb 3KCrepuMeHmarbHble pe3yrbmamal
KonebaHuli rodcucmembl asmoMoburid 8 yCriogusix 3Kcryamauuu.
Llenbto OaHHO20 uccriedosaHusi ObI10  UCMOIb308aHUE OBLXKEHUS
epy3oe8o20 asmomoburnsa @Al 1118 ¢ nonHbIM rpueodoM 8 ycro8usiX
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3Kcrlyamayuu (u3-3a 6osiee 8bICOKOU CKOPOCMU 6 QOPOXHBIX YCI108USIX)
017 onpedeneHusi ycrnosul ucnbimaHull KoebamesbHbIX Hazgpy30K 6
1abopamopHbIX yCrI08USIX.

Pesynbmambi: Omo cmano 603MOXHbIM 651a20dapsi peaucmpauuu u
uéeHmuchbukayuu cmamucmu4YecKux napamempoe
3apeaucmpupoBaHHbIX 8eTUYUH.

Bbi1800bi1: OCHO8bIBasICb Ha U3MEPEHHbLIX OaHHbIX, UCC1ed08aHUE MOXHO
3anpoepamMmuposame Ha ryrscamopax 8 labopamopHbIX yCrio8usiX U rpu
3mowm ebibpamp 3Ha4YeHUs1, Komopabie 6yOym 80CrpouU38oOUMLCS.

Kntoyesble crosa: epy3oeoli asmomobusb, [M0OPecCopPeHHble U
HernodpeccopeHHble macchbl, KkonebamersibHble Hazpy3Ku,
Jn1abopamopHbIe ucnbimaHUsi.

Mpunor nctpaxunsarwy ocunnaTtopHmx ontepehera oCnoreHe 1
HeOoCrnoweHMX Maca pagu cTBapara ycrnosa 3a naboparopujcka
UCNMTNBaHa TEPETHMX MOTOPHMX BO3WUNa

Mupocnae [. Oemvh?, AnekcaHdap C. ypuh®, ayTop 3a npenucky,
AnekcaHdap P. I'pkuh?, Momup M. Opakynuh®| Craeko Myxpeka®|
@ Akagemuja nHxenepcknx Hayka Cpbwje, beorpaa, Peny6nuka Cpbuja
6 Yuueepautet onbpare y Georpany, BojHa akagemuja,

Kateppa BojHOMaLLMHCKOT UHXekepcTBa, beorpaa, Penybnuka Cpbuja,

B Ayto-moTO caBe3 Cpbuje, LieHTap 3a MoTOpHa BO3una,
Beorpapg, Penybnuka Cpbuja

OBJIACT: MalmnHcTBO
KATETOPUJA (TUM) YIAHKA: opyruHanHu Hay4Hu paa

Caxemak:

Yeod/yurb: MomopHa eo3uria cy CrioxeHuU OuHaMu4Yku cucmemu 3602
MPOCMOPHUX IOMeparba, MPOMEeHe Kapakmepucmuka KOMIOHeHmMu
MOKOM >KUBOMHO2 B8eKa, eesluko2 bpoja ymuuaja u cMemrsu, rojase
3a3opa, mpema, xucmepesuca umod. [lomeHyme OuHamuuke rnojase,
rnocebHo subpayuje, uszasusajy 3amMop eosadya U MymHuKa, CMaryjy 6eK
803uria U He208UxX cucmema.

Memode: MomopHa eo3urnia 4Yecmo ce Kpehy o HepasHOM nymy u
KPUBOSUHUJCKUM Mymarama y pasHu rnyma. OcyuramopHa Kpemara
u3asueajy 3amMop Mamepujana 0esioga eo3uria, asau He2amugHO ymudy u
Ha 30paerbe sbydu. 3602 moaa ce, jow y gha3u rpojekmosar-a MOmMopPHoO2
eo3uria, Mopa rnoceemumu rnocebHa rnaxrba ycaanawasary melycobHoe
Kpemarsa rnodcucmema, a nocebHo cucmema 3a oc/iaHar-e 803una. Y me
cepxe Moey Cce Kopucmumu meopujcke, €eKCcriepuMeHmarnHe umnu
KombuHosaHe mMemode. 3602 moza je seoMa KopucHO rocedogsamu U
eKcriepuMeHmar+e pesynmame ocuyunosarka rnodcucmema eosuna y
ekcrinoamauyuoHuMm ycrosuma. Cmoeaa je yurb oeoe pada buo Oa ce
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Kpemare eo3una @Al 1118, copmyne moykoea 4x4, y
eKcriioamayuoHUM ycrioguma (36oe eefiux bp3uHa — y ycrioguma Ha riymy)
uckopucmu 3a OegbuHucarbe ycrio8a 3a UCMUMUBaHe OCUUMaMOPHUX
onmepehera y nabopamopujckum ycroguma.

Pesynmamu: To je omozyheHO peaucmposarseM u udeHmuguKkauujom
Cmamucmuy4Kux rnapamemapa peaucmposaHux 6elu4uHa.

Sakrbyyak: Ha ocHosy u3amepeHux nodamaka ucmpaxueare ce MoXe
npozpamupamu Ha rysncamopuma y fabopamopujckum ycrosuma, a
ucmospemeHo je moayhe usabpamu eenudquHy koja he ce
pernpodykosamu.

KrbyyHe pedu: mepemHo MOMOPHO 803UJS10, OC/IOHEHE U HEOC/IOH-EHE
mace, ocyunamopHa onmepehera, nabopamopujcka ucrumugarsa.
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