ISSN: 0042-8469

1o 0 200 ISSN: 2217-4753
vojnotehnicki.glasnik@mod.gov.rs
University of Defence

Serbia

@ Vojnotehnicki glasnik/Military Technical Courier

Contribution to the research of oscillatory loads
of sprung and unsprung masses in order to
create conditions for laboratory tests of heavy
motor vehicles

@ Demié, Miroslav D.
@ Buri¢, Aleksandar S.
@ Grkic, Aleksandar R.
® Drakuli¢, Momir M.

® Muzdeka, Slavko

Contribution to the research of oscillatory loads of sprung and unsprung masses in order to create
conditions for laboratory tests of heavy motor vehicles

Vojnotehnicki glasnik/Military Technical Courier, vol. 71, no. 3, pp. 647-677, 2023

University of Defence

Available in: https://www.redalyc.org/articulo.oa?id=661775012008

DOI: https://doi.org/10.5937/vojtehg71-43221
http://www.vtg.mod.gov.rs/copyright-notice-and-self-archiving-policy.html

This work is licensed under Creative Commons Attribution 4.0 International.

z 8§ ~3.0 PDF generated from XML JATS4R by Redalyc
3‘@5@!,@ d{g Project academic non-profit, developed under the open access initiative



https://orcid.org/0000-0003-2168-1370
https://orcid.org/0000-0002-2165-528X
https://orcid.org/0000-0002-7890-1787
https://orcid.org/0000-0002-8367-7281
https://orcid.org/0000-0002-6189-9473
https://www.redalyc.org/articulo.oa?id=661775012008
https://doi.org/10.5937/vojtehg71-43221
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Mirosrav D. DEMIé, ET AL. CONTRIBUTION TO THE RESEARCH OF OSCILLATORY LOADS OF SPRUNG AND UNSPRUNG

MASSES IN ORDER TO CREATE CONDITIONS FOR ...

Original scientific papers

Contribution to the research of oscillatory loads of sprung and unsprung masses in

order to create conditions for laboratory tests of heavy motor vehicles

BKAZ’LA B HCCACAOBAHUC KOAC63TCAI)HI)IX Harpy3oK IOAPCCCOPCHHBIX U HCITOAPCCCOPCHHBIX MaCC C LICABIO CO3AAHMS

YCAOBHI AASL ADOPATOPHBIX UCIIBITAHUIT IPY30OBbIX ABTOMOOUACIT

HPI/IAOI‘ HCTPpAKHBaBy OCHHAATOPHUX OHTCPChCH)a OCAOBCHC U HCOCAOKHCHHUX Maca paAu CTBapakma yCAOBa 3a

Aa60p21TOPI/IjCKa HCIIUTHBAKbA TCPCTHUX MOTOPHHX BO3HAA

Miroslav D. Demiéa

Engineering Science Academy of Serbia, Serbia

demic@kg.ac.rs

L https://orcid.org/0000-0003-2168-1370
Aleksandar S. Duri¢b

University of Defence in Belgrade, Serbia
aleksandar_djrc@yahoo.com

D heeps://orcid.org/0000-0002-2165-528X
Aleksandar R. Grkiéc

Auto Moto Association of Serbia, Serbia
aleksandargrkic@gmail.com

2 heeps://orcid.org/0000-0002-7890-1787
Momir M. Drakuli¢d

University of Defence in Belgrade, Serbia
drakulic. mnomir@gmail.com

D https://orcid.org/0000-0002-8367-7281
Slavko Muzdeka e

University of Defence in Belgrade, Serbia

12 https://orcid.org/0000-0002-6189-9473

Abstract

DOL: https://doi.org/10.5937 /vojtehg71-43221

Received: 04 March 2023
Revised document received: 13 June 2023
Accepted: 15 June 2023

5
v Acceso abierto diamante

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,
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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 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.

Keywords: mortor vehicle, sprung and unsprung masses, oscillatory loads, laboratory tests.

Pesrome

BeeacHue/near: ABroMmobuan HPEACTABASIOT cO0O0H CAOYKHBIE AMHAMUYECKHE CHCTEMBI, 06yCAOBAeHHme MPOCTPAHCTBEHHBIMU
HepeMEIeHUAMY, U3MEHEHUEM XapaKTEPUCTUK AETAACH B MPOLECCE UX IKCIIAyaTallUH, OOABIIIM KOAHYECTBOM BO3ACHCTBUI U
BO3MYILICHHUH, ITOSABACHHEM AIO(QTOB, TPCHHs, TMCTCPE3NUCA M T. A. BBILICYyIIOMSHYThIC AMHAMHYECKHME SBACHHS, ocobeHHO
Bn6pau1/11/1, BBI3BIBAIOT YCTAAOCTbh BOAUTEAS U IACCAXKHUPOB, COKPAIIAIOT CPOK CAy)K6LI ABTOMOOMAS U €I'0 CHUCTEM U T. A.

Meroapr: B 0OCHOBHOM ABIDKEHHE aBTOTPAHCIIOPTA OCYLIECTBASETCS 110 HEPOBHBIM AOPOTaM M KPHUBOAMHCHHBIM yYacTKaM.
KoaebaTeAbHBIE ABHKEHHUS BBI3BIBAIOT YCTaAOCTb MaTEPUAAA AETAACH MALIMHBI, A TAKXKE OKA3bIBAIOT HETATMBHOE BAMSHME Ha
3AOpOBBE AloacH. Bor mouemy emie Ha aTame MPOEKTHPOBAHM aBTOMOOHAA 0cobOe BHUMaHHE HEOOXOANMO YACAATD
COTAACOBAHUIO B3AUMOAECHCTBUSA ABHKEHHUI OACHCTEM, U B YACTHOCTH, CUCTEMbI TIOABECKH aBTOMOOMAS. AAs 3THX IleAeit MOTyT
OBITh HCIIOAB30OBAHEI TEOPETUYECKHE, SIKCTIEPUMEHTAABHBIE HAU KOMGMHI/IPOBaHHme MeToABL. FIMEHHO 03TOMY OYEHB ITOAC3HO
HUMETb 3KCTIEPUMEHTAABHBIE PE3YABTATHI KoAeOAHUIH MOACHCTEMBI aBTOMOOUAS B YCAOBHSIX aKcIAyaTanuu. [leaplo aaHHOrO
HCCAEAOBAHHUS OBIAO HCIIOAB3OBAHUE ABHDKECHHS IPy30BOroO aBromobuas PAIT 1118 ¢ moaHBIM HIPUBOAOM B YCAOBHSAX
9KCIIAYATALIUH (u3-3a 6oaee BBICOKOIT CKOPOCTH B AOPOKHBIX YCAOBI/IHX> AASI OTIDEAEACHUS YCAOBHH UCIIBITAHU M KoAe6aTEABHBIX
HArpysokx B AaGopaTopme YCAOBHSX.

Pesyapratei:  JTO  CTaAO0  BO3MOXKHBIM 6AaroAap,q PETHCTPAallMM UM HMAGHTHUQUKALMH  CTATUCTHYECKHX ITapaMeTPOB
3aperMCTPUPOBAHHBIX BEAMYHH.

BriBopbr: OcHOBBIBAsICH HA M3MEPEHHBIX AAHHBIX, HCCAEAOBAHHIE MOXKHO 3aIIPOrPAMMHPOBATh HA IIyAbCATOPAX B Aa6OPaTOprIX
YCAOBUSAX U IIPU 9TOM BbIGpaTb 3HAYEHUS, KOTOPBIE 6yAyT BOCIPOU3BOAUTBCS.

KaroueBnie caoba: Ipy30BOK aBTOMOOHAB, MTOAPECCOPEHHBIE U HEMOAPECCOPEHHbBIE MACCHI, KoAebaTeABHEIE HarpysKu,

AaGOPaTOprIC HUCIIBITAHUA.

Abstract

YBoa/1um: MoTopHa BO3HAQ Cy CAOKEHH AMHAMHMYKH CHCTEMHU 360r IPOCTOPHUX IOMEPaa, NMPOMEHE KapPAKTEPUCTHUKA
KOMIIOHCHTU TOKOM >KMBOTHOTI BEKAa, BEAHUKOI 6poja YTHIaja U CMETHbHU, NOjaBe 3a30pa, TPema, Xucrepesuca utA. [lomenyre
AMHAMUYKE 0jaBe, moce6HO BI/I6P3.LII/IjC, M3a3UBajy 3aMOP BO3a4a U IyTHUKA, CMakbyjy BEK BO3UAA U ETOBUX CHCTEMA.

Merope: MoTopHa BO3MAA YecTO ce erhy [0 HEPABHOM IIyTy U KPUBOAMHHjCKHM IyTamaMa y paBHH myra. OcnuaaropHa
KpeTama M3a3MBajy 3aMOP MaTEPHjaAd ACAOBA BO3MAQ, AAH HETATUBHO YTHUYY M HA 3APABAE SYAM. 36o0r Tora ce, jour y ¢asu
IIPOjeKTOBakba MOTOPHOT BO3HAQ, MOPA IOCBETUTH nocebHa maKma ycaraauasamy MelycobHor KpeTarma MOACUCTEMA, A rmoce6HO
CHCTEMA 32 OCAAMAIbE BO3UAA. Y TE CBPXE MOTY Ce KOPUCTHTH TEOPHUjCKE, €KCIIEPHMEHTAAHE HAU KOMOUHOBaHE MeToae. 360r
TOra je BEOMa KOPHUCHO INOCEAOBATH U EKCIIEPUMEHTAAHE PE3YATaTE OCIIMAOBAMHA TMOACHCTEMA BO3MAA y €KCIAOATALIMOHUM
ycaosuma. Crora je mus 0BOr papa 610 Aa ce kperame Bosuaa PAIT 1118, popmyse ToukoBa 4x4, y CKCIIAOATALIHOHUM
yCAOBHMA (s6or Behux 6p3m—1a - Y ycaoBHMa Ha nyTy) HCKOPHUCTH 33 AcUHMCAE YCAOBA 32 HCIIUTHBAKCE OCLIUAATOPHHX
onTepehex-ba y Aa6OPaTOpI/IjCKI/IM YCAOBHMA.

Pesyararu: To je omoryheno PETHCTPOBAEM M HACHTHQHUKAIMjOM CTATUCTHYKHUX ITAPAMETaPa PErUCTPOBAHUX BEAMYMHA.
3akmyyax: Ha OCHOBY H3MepeHHX IIOAATAKA HUCTPAKMBAKE CE MOXE HMPOrPAMHPATH HA IYACATOPHMA Y AaGopaToijCKHM
YCAOBHMA, 2 HCTOBPEMEHO je moryhe I/13a6paTI/I BEAMYMHY KOja he ce PENpPOAYKOBATH.

Keywords: TEPETHO MOTOPHO BO3HAO, OCAOICHE U HEOCAOHWEHE MAace, OCIHAATOPHA OHTCPChC}ba, Aa60paToijCKa

HUCIIUTHUBaKA.
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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; Demié &
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¢ & Duri¢, 2009; Demi¢ et al, 2022).

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 (Demié¢, 1997, 2008; Demi¢ et al, 2022; Abe,
2009; Jovanovi¢ & DPuri¢, 2009; Genta, 1997; Gillespie, 1992; 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,

- 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.
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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 ).

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 touex uamepenust Ha QAT 1118 npu ncnbrranusx
Caunxka 1 — Illema mepHux Tavaka Ha Bosuay PAIT 1118 Tokom ucnurusama
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Figure 2

Vehicle velocity change while driving
Puc. 2 — Msmenenue CKOPOCTI/I aBTOMO6I/IAﬂ BO BPCM}I ABYDKCHUA
Canka 2 — HPOMCHa 6P3I/IHC BO3HAA TOKOM BOXIHC
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Longitudinal, lateral and vertical acceleration of the front unsprung mass
PPIC. 3 - HPOAOALHOC, HOHCPC‘{HOC u BCPTHK&ABHOC yCKOPCHI/IC HCPCAHC]‘//I HCHOAPCCCOPCHHOI‘/‘I MacCChI
CAI/IKB. 3 - HOAY)KHO, 60'{H0 u BCPTHK&AHO y6p38.1—be HPCAH)C HCOCAOIKBCHE MacCc BO31AA
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Figure 4

Roll, pitch and yaw velocity of the rear unsprung mass of the vehicle
Puc. 4 — CkopocTs KpeHa, TAHTKA M PHICKAHUS 3aAHCH HEIIOAPECCOPCHHOM MacChl TPAHCIIOPTHOTO CPEACTBA
Cauka 4 — Yraose 6p3uHe Bamama, FAAONUPAbA U BUjyTakba 3aAE HCOCAOHCHE MaCce BO3HAL

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

Mean Stand.

Measured parameters Min. value | Max. value

value Dev.
Vehicle velocity, km/h 0.612 56.232 25.428 12.925
Longitudinal acceleration, 55.880 29760 0311 3.672
m/s2
Lateral acceleration, m/s> -44.800 28.120 0.186 3.967
Vertical acceleration, m/s> -17.510 37.730 9.798 3.454
Roll, o -14.965 15518 1.550 4,942
Pitch, o -9.995 15.375 2.283 3.728

Ta6Al/ILla 1- XaPaKTCPHI)IC 3HAYCHUS 3aPCIrUCTPHPOBAHHBIX Pa3MCpPOB HOAPCCCOPCHHOﬁ MacCChI TPAHCIIOPTHOTO CPCACTBA
Ta6eAa 1- KapaKTePI/ICTI/l‘lHC BPCAHOCTH PCTUCTPOBAHHX BCAUYHMHA OCAOKCHC MAaCcC BO3HAQ

Table 2
Characteristic values of the registered values of the front unsprung mass
Measured parameters Min. value | Max. value Mean Stand.
value Dev.

Vehicle velocity, km/h -3.272 1.648 -0.087 0.705
Longitudinal acceleration, 5457 5615 0.223 0.758
m/s2

Lateral acceleration, m/s> -4.249 18.717 7.248 2.701
Vertical acceleration, m/s> -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

TaGAI/ILla 2 - XapaKTCPHbIC 3HAYCHUS 3aPCIUCTPHUPOBAHHBIX 3HAYCHUU HCPCAHCﬁ HCHOAPCCCOPCHHOﬁ MaCChl TPAHCIIOPTHOT'O CPCACTBA
TaGCAa 2 - KaPaKTCpHCTI/I‘{HC BPCAHOCTH PETMCTPOBAHUX BCAMYHNHA IIPCAKHC HCOCAOKBCHEC MacC BO3HAA

Table 3
Characteristic values of the registered sizes of the rear unsprung mass
Measured parameters Min. value Max. Mean Stand.
value value Dev.

Vehicle velocity, km/h -8.856 5.030 0.278 0.996
Longitudinal acceleration, 4741 7515 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

T36AML[21 3- XapaKTCPHbIC 3HAYCHHSI 3apCTUCTPUPOBAHHBIX PasMEPOB SaAHCﬁ HCHOAPCCCOPCHHOﬂ MaCChI TPAHCIIOPTHOTO CPCACTBA
Ta6CAa 3- KapaKTCPI/ICTI/ILIHC BPCAHOCTH PCTUCTPOBAHMX BCAHYHHA 3aAC HCOCAOCHE MAaCC BO3HAQ
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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 — Asrokoppeasinonnas ¢ynkuus ckopocts (B), Bepruxaspnoro yckopenns (C) u yraa kpena (D) noapeccopennoit
MacChl
Cauxa 5 — Ayrokopesanuona gpynkuuja 6psuse (B), Bepruxasnor yopsama (C) n yraa Bavama (D) ocaomene 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 — Aroxoppeasinonnas dynkius 6okosoro yckopenus (B), yraosoii ckopoctu kpena (C) u tanraxa (D) nepeaneit
HETIOAPECCOPEHHOM MaCChI
Cauka 6 — Ayroxopeaanuona $ynkuuja 6ounor y6psama (B), yraone 6psune anamwa (C) u yraone 6psuse rasonupama (D)
TIPEAbE HEOCAOMEHE 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 — Asroxoppeasiinonnas GpyHKIHs popoabHOro yekopenus (B), monepeunoro yckopenus (C) u mara (D) saaneit
HETIOAPECCOPEHHOM MaCChI
Canxa 7 — Ayroxopeaanuona $ynkuuja 6ounor y6psama (B), yraone 6psune anamwa (C) u yraone 6psune rasonupama (D)
TIPEATHE HEOCAOHEHE Mace

Data identification in the frequency domain

Frequency analysis was performed using Analsigdem software (Demi¢ 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.

657



VOINOTEHNICKI GLASNIK/MILITARY TECHNICAL COURIER, 2023, voL. 71, No. 3, JULY-SEPTEMBER, ISSN: 0042-8469 /
2217-4753

0.25

0.20 -

0.15 4

0.10

Magnitude, m/s’

0.05 4

0.00 -

T g T . T v T X
0 S 10 15 20 25

Frequency, Hz

Figure 8
Spectra magnitude of the sprung mass: Longitudinal (B), lateral (C) and vertical acceleration (D)
Puc. 8 — AMIAUTYAHBIE CIEKTP TOAPECCOpEHHOH Macch: TpopoabHoe (B), monepeunoe (C) u Bepruxassnoe ycxopenue (D)
Cauxa 8 — Marnurypa criextpa ocaomene mace: noayxso (B), 6ouno (C) u Bepruxasno ybpsame (D)
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Figure 9
Spectra magnitude of the front unsprung mass: Lateral Acceleration (B), Roll (C) and pitch (D)
Puc. 9 — AMIAMTYAHBIH CIIEKTp HepeAHell HeroapeccopenHoit Macchl: 6okosoe yckopenue (B), kpen (C) u tanrax (D)
Cauka 9 — MaruuTyaa criekTpa mpeate HeocaomeHe Mace: 604Ho yopsame (B), yraona 6psuna Basama (C) u yraona 6psuna
rasonupama (D)
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Figure 10

Magnitude spectrum of the rear unsprung mass: vertical acceleration (B), roll (C) and pitch (D)
Puc. 10 — AMIANTYAHBI CHEKTp 3aAHEH HEMOAPECCOPEHHOI Macchl: BeprukaabHoe yckopenue (B), kpen (C) u ranrax (D)
CAI/IKa 10 - MarHI/ITyAa CHCKTPH 3aABEC HECOCAOKBCHE Mace: BCPTHK&AHO y6p3al—be (B), yraOHa 6p31/IHa Basama (C) )54 yraOHa
6psuna rasonuparma (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.
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Figure 11
Density of the distribution of the longitudinal accelerations of the vehicle sprung mass

Puc. 11 — ITaoTHOCTB pacnipeAeA€HUS IPOAOABHBIX YCKOPEHHH ITOAPECCOPEHHOM MACChI TPAHCIIOPTHOTO CPEACTBA
Canxa 11 - I'ycruHa pacriopeae OAYKHUX yOpsara OCAOBCHE Mace BO3UAL
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Figure 12
Density of the distribution of the lateral accelerations of the sprung mass of the vehicle

Puc. 12 — ITaotHOCTD pacripepescHns] GOKOBBIX YCKOPEHHI IOAPECCOPEHHON MAaCChl TPAHCIIOPTHOIO CPEACTBA
Cauxa 12 - T'ycruna pacnoaeae 604HMX yOpsama OCAOBCHE Mace BO3UAA
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Figure 13
Density of the roll angle distribution of the sprung mass of the vehicle

Puc. 13 — I'TaoTHOCTB pacnpeACACHU HOApeCCOpCHHOﬁ MacCChl TPAHCIIOPTHOTO CPEACTBA ITO YIAY KpCeHaA
Canka 13- ryCTI/IHa pacmoAcAc yraa Basvdarba OCAOICHE Mace BO3HAA
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Histogram, %

Front unsprung mass vertical acceleration, m/s’

Figure 14

Density of the distribution of the vertical accelerations of the front unsprung mass of the vehicle
Puc. 14 — I'TaoTtHOCTD PaCHPCACACHI/I}I BCPTI/IKQA})H})IX yCKOpCHI/II‘/‘I HCPCAHCI./JI HCHOAPCCCOPCHHOﬁ MacCChI TpaHCHOpTHorO
CPCACTBa
Caunka 14 - ryCTI/IHa PaCHOACAC BCPTI/IKQAHI/IX y6p3aﬂ)3. HPCAH)C HCOCAOKBCHC MaCC BO3HAQ
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Figure 15
Density of the yaw distribution of the front unsprung mass of the vehicle
Puc. 15 — TTAOTHOCTD pacIpeACACHNUS YTAOBBIX CKOPOCTEH PHICKAHIS IEPEAHET HEIIOAPECCOPEHHOI MACChl TPAHCIIOPTHOTIO
CPCACTBa
Caunxa 15 - I'ycruna pacnioaeae yraone 6pauHe BUjyrama IPEAE HEOCAOHECHE Mace BO3HAA
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Figure 16

Density of the distribution of the lateral accelerations of the rear unsprung mass of the vehicle
Puc. 16 — ITaoTHOCTH pacrpeACACHUA GOKOB])IX YCKOPCHI/Iﬁ 33AHCI>‘I HCHOAPCCCOPCHHOﬁ MaCChl TPAHCIIOPTHOTO CPCACTBA
Cauxa 16 - I'ycruna pacnoaeae 604Hnx yOpsama 3aAbe HCOCAOHEHE MACEe BOSHAR
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Figure 17
Density of the yaw distribution of the rear sprung mass of the vehicle
Puc. 17 — TTAOTHOCTD pacIpeACACHNS YTAOBBIX CKOPOCTCH PHICKAHMS 3AAHEH HEIIOAPECCOPECHHON MACChl TPAHCIIOPTHOTO
cpeacTBa
Cauka 17 - T'ycruna pacrioaeae yraone Op3vHe BUjyramba 3aAHe HEOCAOKCHE Mace BO3UAL

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.

667



VOINOTEHNICKI GLASNIK/MILITARY TECHNICAL COURIER, 2023, voL. 71, No. 3, JULY-SEPTEMBER, ISSN: 0042-8469 /
2217-4753

It is usual to start the initial statistical analysis by applying the so-called Null hypotheses (Vukadinovié,
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):

- 1.960

gr
oo,

where

o - standard deviation, and

n - number of samples in the set.

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
Long. Lat.acc. | Vert.acc. | Roll Pitch Veh. _
) ) ) o o | velocity,

acc. m/s” | m/s m/s angle,” | angle,® [ /h
Abs. val. of
middle val. of | 0.311 0.186 9.798 1.550 | 2283 [ 25.428
sample
Value gr 0.065 0.071 0.062 0.089 0.061 0.228

Tabauma 4 — Tect Ha HOPMAABHOCTb - MACCA, 3ABUCALIAS OT HYACBOH THIIOTESBI- IOAPECCOPEHHAs Macca: ypoBeHs sHadumocty 0,05
Tabeaa 4 — TecT HOPMAAHOCTH - HyATa XHIIOTE3A - OCAOMECHA Maca: HUBO 3HadajHocTu 0,05

Table 5
Normality test-Null hypothesis-Front unsprung mass: significance level of 0.05

Long. Lat.acc. | Vert. acc. | Roll, o/ | Pitch, Y

acc. m/s> | m/s> m/s2 S o/s aw, o/s
Abs. val. of
middle val. of | 0.0879 0.223 7.248 2.310 0.998 3.185
sample
Value gr 0.012 0.012 0.048 0.062 0.037 0.1026

Tabauna 5 — Tecr Ha HopmasbHOCTS - HyaeBast runoresa - ITepeansist HemoapeccopeHHas Macca: yposeHs sHadnmoctu 0,05
Tabeaa 5 — TecT HOPMAAHOCTH - HyATa XHIIOTE3A - IPEAH:A HEOCAOCHA Maca: HUBO 3HauajHoctn 0,05

668



Mirosrav D. DEMIé, ET AL. CONTRIBUTION TO THE RESEARCH OF OSCILLATORY LOADS OF SPRUNG AND UNSPRUNG
MASSES IN ORDER TO CREATE CONDITIONS FOR ...

Table 6
Normality test-Null hypothesis-Rear unsprung mass: significance level of 0.05

Long,. Lat.acc. | Vert. acc. | Roll, o/ | Pitch, v

acc.m/s> | m/s> m/s2 s o/s aw, ofs
Abs. val. of
middle val. of | 0.211 0.194 7.337 1.473 0.713 1.641
sample
Value gr 0.021 0.020 0.047 0.127 0.079 | 0.183

Tabauna 6 — Tecr Ha HopMasbHOCTS - HyaeBast runoresa - 3aAHsIs1 HEOAPECCOPEHHAs Macca: yposeHs sHauumoctr 0,05
Tabeaa 6 — TecT HOPMAAHOCTH - HYATA XHMIIOTE32 - 3aAHA HEOCAOKCHA Maca: HUBO 3HadajHoctu 0,05

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 (Vukadinovié¢, 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
Long, Lat.acc. | Vert.acc. | Roll Pitch Veh.
acc. m/ 5 5 .0 .0 velocity,
2 m/s m/s angle, angle, 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

Tabauma 7 — ITpeAcAbHBIC 3HAYCHNS H3MEPEHHBIX BEAHUHH [IOAPECCOPEHHOI MACChI 110 ypoBHIO 3HauuMoctH 0,05
Tabeaa 7 — I'paHuYHE BPEAHOCTH M3MEPECHHX BEAUYHHA OCAOKEHE Mace 3a HUBO 3HauajHoctn 0,05

Table 8

Limits of the values of the measured sizes of the front unsprung mass for the significance level of 0.05

Long. | Lat. Vert.
acc. acc. acc.

m/s> | m/s*> | m/s2
Min. -1.68 | -1.43 |-424 |-681 |-4.19 |-17.67
Max. 1.20 1.58 3.17 6.60 4.72 15.98

Tabanna 8 — [TpeAcAbHbIC 3HAYCHUS H3MEPCHHDIX BEAHUHH IICPEAHEH HETIOAPECCOPEHHOM MACChI 110 ypoBHIO sHadnmocty 0,05
Tabeaa 8 — I'panuuHe BPeAHOCTH H3MEPCHUX BEAHYHHA IIPEAIHE HEOCAOICHE Mace 3a HUBO 3HauajHocT 0,05

Roll, Pitch, | Yaw,
o/s o/s o/s

Table 9

Threshold values of the measured sizes of the rear sprung mass for the significance level of 0.05

Long. | Lat. Vert.

acc. acc. acc.
2 2

Roll, | Pitch, | Yaw,

/s /s /s o/s o/s o/s

Min. |-2.12 |-2.01 |-416 |-10.3 (-7.27 |-22.8
Max. | 1.66 2.19 433 11.61 | 7.92 14.03

Tabauma 9 — ITpeAcAbHBIC 3HAYCHNS N3MEPEHHBIX BEAHYHH 3aAHEH OAPECCOPEHHOM MACChI 110 YpoBHIO 3HauumoctH 0,05
Tabeaa 9 — I'pannde BpeAHOCTH H3MEPEHHX BEAUMHHA 3aAE HCOCAOIEHE Mace 3a HUBO 3HadajHoctn 0,05
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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 X? test (Vukadinovié¢, 1973) is defined as:

ZZ fﬂ)

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:

_‘Zz_

) @ (3)

K=N-[-1

where

In expression (4):

— N - number of additions in (1) and

— I - 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 (Demi¢, 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.

Table 10

Values of the Romanovsky criterion for the sprung mass

Roll Pitch Veh.

Long. acc. Lat.acc.m/ | Vert. acc. )

> N angle, | angle, | velocity,

m/s S m/s2 o o km/h

Gaussian | 5 (0 cop 141 | 52975E+12 | 1.5914E+6 | 6.846 | 6792 | 6.841
distribution

Laplace £ g9 6.941 6.922 6904 | 6.859 | 6920
distribution

Tabauna 10 — 3naueHus kputepust POMaHOBCKOTO AAS IIOAPECCOPEHHON MACCHI
Tabeaa 10 — Bpeanoctu kputepujyma PoMaHOBCKOT 32 OCAOEHY Macy
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Values of the Romanovsky criterion for the front unsprung mass

Table 11

Long. Vert
Lat. acc. )
acc. 2 zacc acc. Roll, o/s Pitch, o/s Z/asw,
m/s m/s m/s2
Gaussian | o ceo | 21608402 | 3.207 | 2.2769E+35 | 7.970E+04 | 6.838
distribution
Laplace | o 036 | 6680 6.813 | 1.967E+03 | 6.861 6.514
distribution
Ta6anua 11 — 3navenus kputepus POMaHOBCKOTo AAS IIEpeAHET! HEIIOAPECCOPEHHOI MacChl
T9.6CA3 11 - BPCAHOCTI/I KPHTCPI/ijMa POMaHOBCKOT 3a HPCAH}Y HCOCAOH:CHY Macy
Table 12
Values of the Romanovsky criterion for the rear unsprung mass
Long. acc. | Lat. acc. Vert. acc. ) Yaw,
/s ) m/s2 Roll, o/s Pitch, o/s o/s
Gaussian | g ) ek 08 | 4.404E+03 | 7.708E+12 | 1.059E+10 | 2.324E+19 | 6.807
distribution
Laplace 1 ¢ /) 6.741 6.889 6.935 6.929 4862
distribution

Tab6anua 12 — 3naueHus kpurepust POMaHOBCKOTO AAS 3aAHEH HETIOAPECCOPCHHOM MaCChI

Tabeaa 12 — Bpeanocrn xputepujyma PoMaHOBCKOT 32 3aA Y HEOCAOCHY MACy

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:

D, = max|P(x)— P(x)|,x € (— o, + o)

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(D,\[n < 2)

where

)\ — evaluation parameter,

k — index, and

Q - probability function.

= 0(2) = Y (e

(6)
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The procedure consists of calculating the size Dn\/n and then for the adopted significance level, e.g.
2=0.05, it is calculated by the desired probability, i.c.:

Qs=1-a=1-005=095 _

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
quantity corresponding to the probability of 0.95 is determined, i.e. A9 9s. In this specific case, for the
probability of 0.95 (the significance level of 0.05), A, 95=1.363. Now comparing the sizes D1 with X 9s.
If Dn\/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.

Table 13

max values for the Kolmogorov-Smirnov test for the sprung mass

ic(‘):ni'l y Lat. acc. | Vert. acc. | Roll Pitch Veih'.
. ty,
2 m/s? m/s2 angle,® | angle, ° En(;chl Y
Gaussian | -6 025 | 119,973 | 1115.042 | 135715 | 423314 | 665.677
distribution
Laplace 1 101 309 | 196510 | 247.475 | 542993 | 506.152 | 254.032
distribution
Tabauna 13 — 3navenus makc. no recry Koamoroposa-CMUPHOBa AASL TTIOAPECCOPEHHOM MaCChI
Tabeaa 13 — Bpeanocru makc. 32 Koamoropos-CMUPHOB TeCT 32 0CAOHEHY Macy
Table 14
max values for the Kolmogorov-Smirnov test for the front unsprung mass
Long. Lat. acc. | Vert. acc. | Roll, o/ | Pitch, Yaw, o/
acc. m/s% | m/s m/s2 s o/s s
Gaussian | 113 001 | 255286 | 1034683 | 577797 | 378.897 | 491.697
distribution
Laplace 1y 104 639 | 724,010 | 652474 | 404.340 | 268.824 | 139788
distribution

Tabauna 14 — makc. 3HaYeHUA 110 tecty Koamoroposa-CMupHOBa AASI IEPEAHEI HETOAPECCOPEHHOM MACChI

Tabesa 14 — Bpeanocru maxc. Error! Bookmark not defined.3a Koamoropos-CMuPHOB TecT 3a IIPEAIbY HEOCAOIEHY MACy
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Table 15

max values for the Kolmogorov-Smirnov test for the rear unsprung mass

Long.
"8 | acace | Y% | Rollo/ | Picch, | Yaw, o/
acc. m/ 5 acc. m/
2 m/s 9 S o/s s
Gaussian | 139 576 | 208,358 | 958.797 | 225.617 | 941.660 | 475.060
distribution
Laplace | o4 170 | 625340 | 246,347 | 225.691 | 279.450 | 152.903
distribution
Tabauna 15 — makc. no recry Koamoroposa-CMHpHOBA AASI 32AHEH HETTOAPECCOPECHHON MaCChI
Tabeaa 15 — maxc. 3a Koamoropos-CMHPHOB TecT 3a 3aAIby HEOCAOHEHY Macy
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Figure 18

Gaussian approximation of the lateral accelerations of the sprung mass (B-Experiment, C-Theory)
Puc. 18 — T'ayccosa anmpoxcumarnst 60KOBBIX yCKOpeHHIT oapeccopenHoit Mace! (B-akcnepument, C-teopus)
Cauxa 18 - T'aycosa anpokcumanuja 60unux ybpsama ocaomene mace (B -excriepument, C - Teopuja)
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Figure 19
Laplace approximation of the lateral accelerations of the sprung mass (B-Experiment, C-Theory)

Puc. 19 — AnnpoxcumMarnust Aanaaca HOIEPEYHBIX YCKOPEHUE IIOAPECCOPEHHOM MACChI (B-C—)KCI‘ICPI/IMCHT, C-TCOPI/IH)
Cauka 19 — Aanaacosa anmpokcuManuja 6049HIX y6p3aﬂ>a OCAOICHE Mace (B -excriepument, C -Teopuja)
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Figure 20

Gaussian approximation of the rolling angular velocity of the front unsprung mass (B-Experiment, C-Theory)
Puc. 20 - raYCCOBa aHHpOKCI/IMauI/Iﬂ yrAOBOﬁ CKOPOCTI/I Ka4yCHHUA HCPCAHCﬁ HCHOAPCCCOPCHHOI;JI MacCcChI (B‘3KCHCPI/IMCHT, C‘
TeopHs)

CAI/IKa 20 - raYCOBa aHPOKCI/IMauI/Ija yraOHC 6P3HHC Basama HPCAH;C HCOCAOIBCHE Mace (B - CKCHCPHMCHT, C ‘TeopI/Ija)
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Figure 21

Laplace approximation of the rolling angular velocity of the front sprung mass (B-Experiment, C-Theory)
Puc. 21 — Annpokcumanus Aaraaca yrAoBoil CKOPOCTH KadeHHUs epeAHeH HeroapeccopeHHol Macchl (B-axcnepumenr, C-
TeopHs)

CAI/IKa 21 — Aanaacosa aHPOKCHMaHI/Ija yraOHe 6p3I/IHC Basama HPCAH)C HCOCAOIBCHE Mace (B - CKCHCPI/IMCHT, C - TCOPI/Ija)
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Figure 22

Gaussian approximation of the vertical accelerations of the front unsprung mass (B-Experiment, C-Theory)
Puc. 22 — I'ayccoBa aIlmpoKcUMalus BEPTHKAABHBIX YCKOPEHMUIT epeAHell HertoapeccoperHoit Macchl (B-axcnepumenr, C-
TeopHs)

CAI/IKa 22 — raYCOBa aHPOKCHMaqua BCPTHK&AHI/IX y6p33H)3. HPCAH)C HCOCAOIBCHE Mace (B - CKCHCPI/IMCHT, C - TCOPI/Ija)
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Figure 23
Laplace approximation of the vertical accelerations of the front unsprung mass (B-Experiment, C-Theory)
Puc. 23 — Annpokcumarius Aansaca BEpPTHKAABHBIX YCKOPEHHI IEPEAHEH HEITOAPECCOPEHHOM MACChI (B-BKCI‘ICPI/IMCHT, C-
Teopus)
Canxka 23 — Aanaacosa alpokcHMaruja BEPTUKAAHHX yOpsama mpeatbe HeocaomeHe Mace (B - exciepumenr, C - reopuja)

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: x;/x,

icocni;/ Lat.acc. | Vert.ace. | Roll Pitch Velh"

. .
$2 l’Il/s2 m/s2 angle, o angle, o Ei:n(;(l:ll y
3.9/2.79 | 5.1/0.62 | 5.7/0.0076 | 15.1/1.57 | 9.6/0.016 | 14.6/5.96

Tabanma 16 — ITapamerpsr paciipeaeaenust Aaraaca AAsi HOAPECCOPEHHOM MACChI: X/X)

Tabeaa 16 — ITapamerpu AamaacoBe pacroaeAe 3a OCAOIEHY Macy: X1/X)
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Table 17

Parameters of the Laplace distribution for the unsprung masses: x;/x;

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

Front | 14.1/0.19 6.2/0.0047 | 6.70/2.63 | 1.90/0.85 | 4.30/-0.23 | 3.20/1.07
Rear | 6.60/0.0026 | 6.0/-0.042 | 3.50/0.21 | 4.80/-2.81 | 3.30/1.24 | 3.4/2.89

Tabauma 17— ITapamerpsr paciipeaeaeHust Aaraaca AAsi HEIIOAPECCOPEHHBIX MACC: X1/X)

Tabeaa 17 — ITapamerpu AanaacoBe pacropeae 3a HEOCAOBCHE Mace: X1/X)

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 simultancously generate six excitations are rare).

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
quantity 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 X?. The analysis of the obtained data
found that not a single registered quantity is subject to the Gaussian and two-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
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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 sprungand 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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