"AKT

CoobOpakajHuTe HE3roJM MPETCTABYBAAaT HETATHMBHA TOjaBa KOjalllTO € pe3yJTaT Ha
VHEKLH]aTa Ha CJIOKEHUOT OAHOC Mel'y YOBEYKM, TEXHMYKM M TMPUPOAHH (AKTOPHU BO
coobpakaeH cuctem. be3benHocTa Bo coobpakajoT JaTHpa yuITe 0J] CAMMOT MOYETOK Ha

»ounckarta uHaycrpuja. Hapg 50% on cure cooOpakajHu HE3roJu Ce HACTAHATH KaKo

MCAMlIa HA CyJapM Ha BO3WJIO CO BO3MIIO, JIOIEKA OCTAHATUTE MPETCTABYBAaT HaJleT Ha
22 Bp3 Memaly, oJJHOCHO Yapu Ha BO3MJIa BO HEKOja LIBPCTa Mpernpeka, NpeBpTyBame U
)2 cyaapuTe MEry BO3MIIA, HAJUECTH CE YENIHMUTE EKCLUEHTPUYHHM CYAApU M CyJapUTe BO
npenpeka, mortoa joaraaT OOYHHMTE (CTPaHUYHUTE) CyAapH, YeJIHUTE LEeHTPaHH
8. 10J€Ka HaJMaJIKy Ce 3acTalleHH CYAapuTe OA3a/IH.

Bo coobpakajHa He3roAa, Kajie BO3MJIO HaJNETaJ0 BO LIBPCTa HEMOABHXKHA Mperpeka,
SUNpe) KMHEMaTCKUTE NapaMeTpU Ha BO3WIIOTO, O] HHTEPEC 3a €KCIEePTH3aTa € OJHEC YBAHETO
& TenoTo Ha Bo3a4oT. [Ipu ¢poHTaneH cynap Ha BO3MIIO BO LIBPCTA MpENpeKa, BO 3aBHCHOCT
1 32pHMOT MyJIC Ha BO3MJIOTO, HACTAHYBAAT MOBPEAM BO MPEAENOT Ha rpajJuTe Ha BO3ayoT.
Semoe. 3a0p3yBameTO M OTK/IOHOT Ha IpajMTeé Ha BO3a4OT MOXE fAa C€ MCKOPHCTAT KakKo
WEpEE 32 NPOLIEHKAa Ha MHTEH3WTETOT Ha MOBpeAMTe cO KOMWTO ce 3a06mun Bo3ador. [lpu
©038p Ha BO3WJIO BO IIBPCTAa HEMOJBWKHA Mpenpeka, 4ecTONaTH ce NMOCTaByBa NpalllakbeTo
BATM BO3a490T BO MOMEHTOT Ha cyaap Oun Bp3aH co Oe30eaHoceH peMeH. Ha oBa mpamame
~ "peta 3a 0OArOBOPH €KCNEPTOT KOj paboTH Ha TEXHHYKATA aHalM3a Ha He3rojara.

Cynapor Ha BO3MJIO BO HENMOJBHW)KHA IpENpeKa MpeTcTaByBa CIOXKEH TpobsieM, Koj
DWeEKH M MaTEeMATHYKH € MHOTY TeIIKO, OJJHOCHO NPaKTMYHO HE € MOYKHO J1a ce M3Bele U
mdarw. 3a na ce 100MjaT nNoJaToOLM 3a OJpeieHH NapaMeTpu Ha cyaapu (3a0p3yBameTo Koe
S CTEVBA BP3 B03a40T, MOMECTYBAMbETO 1UTO 'O MpPaBH TEJIOTO HA BO3a4OT, 3a0p3yBamETO H
WINECYBakEeTO Ha BO3HIJIOTO MPH cyaap), A€HEeC ce U3BeAyBaaT TECTOBH Ha cyjap. TecToBure
W8 Cyaap Ha BO3MJAa [MPETCTaByBaaT JOCTa KOMIUIEKCHH, KOMIUIMLIMPAaHH W CKalM
ENCDEPHMEHTH, O/l MPHYMHA IITO C€ NMOTPEOHH COOIBETHH 00JEKTH: YPEH 3a Meperbe, MpolLIec
- W cofmparse Ha MoJaTouy, KBaTu(GUKYBaH Kaaap ¥ BO3MIIA.

3aTtoa, onpaBJaHo € Jia ce NMPOeKTHpa MaTEMATHYKH W CUMYJIALIMCKH MOJIE] Ha cyaap
S 3030 32 aHAJIM3a Ha cylap, MECTO J1a Ce BPLUH peaieH €KCIIEPHUMEHT.

HMcrpaxyBameTo BO OBaa JIOKTOpCKa AuceprauMja ja omdaka macuMBHaTa 6e30eaHOCT
W8 cmcremor Bo3uno-posad. Ce (okycupa caMO Ha KMHEMAaTCKMTE MapaMeTpH LITO Ce

SSCyBaaT Ha IPajHHOT KOl - 3a0p3yBame€TO M OTKJIOHOT Ha TpajJMTe Ha BO3a40T MpH




AKT

Coo0pakajHuTe HE3roAM NMpeTCTaByBaaT HEraTMBHA I0jaBa KOjallITO € pPE3y/ITaT Ha
VHKLIM]aTa Ha CJIOKEHWOT OAHOC Mel'y YOBEYKM, TEXHUYKM M TMPUPOIHH (aKTOPH BO
coobpakaeH cucreM. be3benHocTa BO coobpakajoT gaTHpa yiuTe Off CAMMOT MOYETOK Ha
»omnckara uHaycrpuja. Hap 50% ox cure coobpakajHM HE3roJ M Ce HACTAHATH KaKo
CNeaMUa Ha cyJapM Ha BO3WJIO €O BO3MIIO, I0/IEKA OCTAHATHUTE MPETCTABYBAaT HaJleT Ha
22 Bp3 Melaly, OJIHOCHO YAapu Ha BO3MJIa BO HEKOja 1IBPCTA MpernpeKa, NpeBpTyBame U
)3 cyaapuTe METy BO3MIIA, HAJYECTH CE YENIHMTE €KCLUEHTPUYHM CYIapu W CyJAapHTe BO
ABpcTa npenpeka, motoa joaraar Go4HWTE (CTPAHMYHMTE) CyJAapH, YENHUTE LEHTPaTHH
. 10J€Ka HaJMaJIKy ce 3acTalleHH CYAapuTe OA3a/IH.

Bo coobpakajHa Hesroja, Kaje BO3HJIO HAJIETAJll0 BO LBPCTa HEMOJBH)KHA TIPENpEKa,
SNpa) KMHEMaTCKUTE NnapaMeTpy Ha BO3WIIOTO, O] HHTEPEC 3a €KCIEePTH3aTa € OJHEC YBaHkEeTO
& TenoTo Ha Bo3avoT. [Ipu ¢ponTaneH cynap Ha BO3MIO BO LIBpCTA MpENpeKa, BO 3aBUCHOCT
1 Y 32pHMOT MYJIC Ha BO3MIIOTO, HACTaHyBaaT MOBPEAM BO MpEAEsOT Ha IpaJuTe Ha BO3a4oT.
Semoe. 3a0p3yBameTo M OTKJIOHOT Ha IPajiiTeé Ha BO3a4OT MOXE /a C€ MCKOPHMCTAT Kako
 WEPE2 32 NPOLIEHKA Ha MHTEH3WTETOT Ha MOBPEAMTE CO KOMITO ce 3A00un Bosadot. [lpu

S0 38D Ha BO3WJIO BO LIBPCTA HEMOABMKHA MpeNpeKa, YeCcTOMaTH ce MOCTaByBa IPalllakeTo
LT BO3a40T BO MOMEHTOT Ha cyaap Oun Bp3aH co Oe30eqHoceH pemeH™ . Ha oBa npainame
Tpela 3a OAroBOPH €KCMEPTOT KOj padoTH Ha TEXHMYKATa aHalH3a Ha He3ro/ara.

Cynapor Ha BO3MJIO BO HENOJBHM)KHA NpEIpeKa NMpeTcTaByBa CIOXKEH TpobseM, Koj
DWEKH M MAaTEeMaTHYKU € MHOTY TEIKO, OJJHOCHO MPAaKTHMYHO HE € MOXKHO J1a C€ U3BEJE U
~mbarw. 3a J1a ce 100MjaT NOAATOLM 32 OJPEACHHU NapamMeTpu Ha cyaapu (3abp3yBameTo Koe
~ BECTEYBA BP3 BO3a4OT, IOMECTYBAETO LITO I'O MPAaBH TEAOTO HA BO3a40T, 3a0p3yBameTo U
SMECYBakeTO Ha BO3HIIOTO TPH CYyJap), A€HEC ce U3BEAYyBaaT TECTOBU Ha cyaap. TecToBuTe
W8 Cyaap Ha BO3WJIAa [MPETCTaBYyBaaT JOCTa KOMIUIEKCHH, KOMIUIMLIMPDAaHH W CKaIlu
ENCDEPHMEHTH, OJ1 IPHYHMHA LITO C€ NOTPeOHU COOIBETHU 00jEKTH: YPEaH 3a Mepetbe, MPOLIeC
& cofmpare Ha NoJaTouu, KBanuhUKyBaH Kagap U BO3HIA.

3aroa, ONMpaBJaHo € Jia ce NMPOEKTUpa MaTEMAaTHYKH W CHMYJIALIMCKH MOJIE] Ha cyap
S 3030 32 aHAJIM3a Ha cylap, MECTO J1a ce BPLUH pealieH €KCIIEPHUMEHT.

HMcrpaxkyBameTo BO OBaa JIOKTOpCKa JauceprauMja ja ondaka macHMBHara 6e30eaHOCT

W8 cmcremoT Bosuno-osad. Ce Qokycupa caMo Ha KMHEMATCKWTE MapaMeTpH LITO Ce

SeCyBaaT Ha TPaJIHMOT KO - 3a0p3yBameTO M OTKJIOHOT Ha IpajHTe Ha BO3a40T IPH




dponTanen cymap Ha Bo3uno. Ce cMera [eka OBHE OBa IapaMeTpH C€ Ol HMHTEpeC Ha
TeXHWYKa U (JopeH3NYKa aHau3a Ha coobpakajHara He3roja.

Ce paboTu 3a Hay4yHO TEMEJHO MCTPaXKyBame - pa3BO) Ha CHUMYJIALMCKA MOJEN Ha
dpoHTaNeH cyaap Ha BO3WJIO BO HEMOJABWXKHA MpPENpeKa, Bp3 OCHOBA HA KOJIITO Ke MOXe J1a
Ce M3BPIIM MPOLIEHKA Ha BJIE3HUTE KMHEMATCKHM NapaMeTpPH Ha BO3MJIOTO M BO3a4YOT BO TEKOT
Ha TeXHHYKaTa U (popeH3nYKaTa aHajau3a Ha cOOOpaKajHUTE HE3TO/M.

[TPEJIMET Ha oBaa HOKTOpCKa AMCEpTalMja € Jia cé MCTpaXkaT BO3MIaTa Kako
AMHAMHYKH CHCTEM M JIa C€ aHaJIM3Hpa HUBHOTO OJIHECYBAE NPH CyJiap.

OCHOBHA 1IEJI Ha [gokrTopckara AMcepTalldja € TIPOeKTHpame M pa3Boj Ha
MaTeMaTUYKM ¥ CUMYJIAIMCKU MOJIeJl Ha CyAap Ha BO3WJIO M BO3a4 NpH ()pOHTaNEH CyaAap BO
HETIONIBMIKHA npenpeka. [Ipe3eHTMpaHHOT MOJEN € COOABETEH 3a YTBPAYBamw€ Ha INIABHUTE
napaMeTpH IITO o OMMINYBAaT CYAAapoT - 3a0p3yBameTO U MOMECTYBAHKETO Ha rpajuTe Ha
803a40T WM 3a0aBYBamkeTO Ha BO3WJI0TO, 6€3 MpUTOoa J1a ce BpLIM KaKkoB OUIIO peasieH TeCT.

Opn ananu3aTa Ha MOJEJMTE Ha BO3MJIO M BO3a4 NpH (PpoHTalEH cyaap MOXe Ja ce
3aKJIY4H JieKa oBaa obJiacT e JocTa MHTEPECHA M aKTyellHa 3a npoydyBame. JleHec mocTom
roseM Opoj Mojenu 3a cuMmynauuja Ha cyaap Ha Bo3wio. Ho, BO 3aBHCHOCT O/ HAMEHaTa,
NPUCTANOT BO KPEMPameTO, HAYMHOT Ha MOJENHpame U CJ., OBHE MOJEIU MeryceOHO ce
PasjIMHKyBaar.

IMomaToruTe 3a 3a0p3yBamkETO W OTKJIOHOT Ha IpaJINTE Ha BO3a40T MOXE J1a IOMOTrHAT
MPH NMPOYYYBAHETO HA CTENEHOT Ha TEXKWHA Ha MOBPEJAMTE Ha BO3a4OT KOMIITO HacTaHyBaar
NpH cyJap Ha BO3WIO BO LBpcTa npenpeka. [lo3HaBajku rv oBHe napamMeTpH, €KCNEPTOT 3a
TeXHMYKa aHallM3a Ha cooOpakajHa He3roJa WMa MOXHOCT Jia ro YTBPAY HAYMHOT Ha KOJLITO
HacTaHalle OBHE MOBPEIH.

Mopaenor mrto ro pazeuwie W.Pawlus u copaboTHuuuTe 0BO3MOXYBa Haarpaada co
MOZIeN, KOj K€ OBO3MOXKH MPOLIEHKA Ha KHHEMAaTCKHUTE NapaMETPH Ha BO3a4OT (OJIHECYBAKETO
Ha B03a40T, KOE€ C€ KapaKTepusupa co 3a0p3yBale M OTKJIOH Ha IpajuTe), H Ha BO3WJIOTO
(3a0p3yBameTO).

CUMyNalMCKHOT MOJieNl € pa3BHeH BO MporpaMckuoT naker Marna®/CumynuHK 3a
ITO C€ KOPUCTH JIMHEapeH MaTeMaTHYKH MOJIeJl BO KOJIITO (PUrypHpaaT MacH, MpyXHHH H
NPHAYIIYBA4M, YAH BPEIHOCTH ja KapaKTepu3upaaT AMHAMHUKATa Ha BO3WIIOTO M BO3a40T. 3a
7a ce TIOCTHUTHE 1e/ITa, HajIPBO € pa3BHEH CTPYKTYPEH MOJIEN Ha BO3HJIO U HYMEPHYKH MOJEII
Ha rpaJauTe oJ Bo3ay 3a BpeMme Ha cyaap. CranyBa 300p 3a KenBuH mojen Kajae wITO
NpY)KMHATa ¥ TIPUAYIIYBA4YOT ce mapasenHo nosp3aHd. OBoj MOJeEl MOXeE /1a C€ UCKOPUCTH

33 Jla ce CMMYJIMpa cyJap Ha BO3MJIO CO BO3MIIO, CyAap Ha BO3HWJIO BO HEMOJBHXKHA IpEYKa,




LEE0 W 33 MOJENMpame Ha BIIMjJaHUMETO Ha KoMmIoHeHTHTe. llapameTpuTe BO MOJENOT Cc€
waeuTHOHMKYBAaHH CO TIOMOLI Ha pe3yJTaTHTe WTO ce AOOHEHH BO HCTPaXyBameTO Ha
W Pawlus 1 copaboTHHLIMTE.

OTKaKo ycrnemHo ce MACHTUPUKYBAHH CTPYKTYPHHTE MapaMeTpH BO MOAEJIOT KOHILTO

o OJHECyBaaT Ha BO3a4YOT, MU3BpIIEHA € aHAJW3a Ha M3JIE3HUTE MOAATOLUM OJl MOJENOT -

pIVBAKETO M MOMECTYBAHETO Ha TpajJUTe Ha BO3a4OT M 3a0p3yBameTo Ha BO3WIIOTO,

Jpexy TpoMeHa Ha Op3uHaTa co Koja BO3WJIOTO YAWpa BO HEMOJABMXKHATA Iperpeka.

L wwmyaalMuTe ce oJHecyBaar 3a yjaapHu Op3unu oa 14,0 m/s po 23,0 m/s kako Op3vHM

SOMINTO CE HAJYECTO PeNpe3eHTH BO pealHu coobpakajHu Hesroau. Bp3 ocHora Ha noOueHuTe

SaamEH 3a 3a0p3yBameTO M NMOMECTYBAKETO Ha IPajIuTe, YTBPJACH € KOMOMHMPAHHOT HHAEKC

%2 rpaasnor kot CTI (Combined Thorax Index), oqHocHO, 0ApeaeHH C€ KPUTHYHHUTE YapHH

SpasEM BO LIBPCTa HEMOJBHXKHA TIPETIPEKA MPH KOM CO CUIYPHOCT HACTalyBaaT NOBPEAH BO

IpeenoT Ha TPagHUOT KOl Kaj BO3a4oT.

HaramolHuTe UCTpaXKyBakba Tpeba [ja ce 0JIBUBAaT BO CJIEHUTE HACOKH:

- ®poHTAJHATE KOCH CyJapd Mely JB€ BO3WIa BO IpaKTHKAaTa Ce HajYeCTH CyAapd M
HCTPaKYBambeTO W KPEUpPameTO Ha MOJEJ 3a BAKOB THI Ha CyJapH ce HaMETHYBa Kako
uHTEpecHa obnact

- MPHKaXaHMOT MOJIeJl BO OBa HCTpPaKyBake€ MHOTY JIECHO MOXE Jla c€ MPUIaroay Hu 3a
cHMYIIalMja Ha CyJapuTe OJ3aAu cyaapH. 3a Taa Lie/l moTpeOHO € J1a ce u3Bejle pealieH
SKCMEPUMMEHT Ha BaKOB THN Ha cyjap, koj OuW OBO3MOXWUI HIeHTHOHMKauMja Ha
CTPYKTYPHHUTE MapaMeTpU KOUIITO C€ OJHECYBAaT Ha BO3HIIOTO H BO3a40T

- MOJeNOT OBO3MOXYBa Herora Haarpaaba co noseke KenBuH M Makceen e€neMeHTH.
YaapoT Ha BO3WJIO BO LIBPCTa HEMOJBWKHA NMpENpeKa ce COCTOM 0OJ] HH3a KOHTHHYHUPAHH
JeVMHH CyJIapH, KOH HE MOJXKe IIEJIOCHO ja ce ondarar camo co efeH KeaBuH eeMEHT.
3artoa, noTpeOHO e Aa ce pa3MuciyBa KenBHH MOJENOT LITO C€ OJHECYBa Ha BO3UJIOTO Ja
ce mpowmpH co noseke Makcsen enemeHTH. Ha 0BOj HauMH, OM ce 100MI€ NMONPEU3HH
M3/1€3HM pe3yJITaTH 33 KHHEMATCKUTE MapaMeTpy KOMUITO C€ OHECYBaaT Ha BO3HIIOTO

- MOXE Ja ce pa3MHCJyBa BO HAacoka Ha Kpewpamwe Ha Mojen ko] OM ru ondartun
OCTAHATHUTE JIEJIOBH O] TEJIOTO Ha BO3a4YOT, KAKO IITO C€ IaRara, BpaToT, paLeTe U CJ1.

- OWIejkyM mapamMeTpHMTe BO TPEMJIOKEHHOT MOJEN ce€ MAEHTH(UKYBaHMW Bp3 OCHOBa Ha
peaneH eKCIepUMEHT BO KO] YYECTBYBAa caMoO €/1€H THIl Ha BO3MJIO CO KOHKpPETHa Maca M
KapaKTePUCTHKH, TNMOTPeOHM ce MOMOJHUTENIHH HMCTpaKyBarka 3a aHaliu3a Ha JIpyru

THIIOBH Ha BO3HIIa CO pa3/IM4HH MAaCcH H KapaKTCPpHCTHKH




- OMZIEJKH pacrnopeaoT Ha MacHTe BO BO3MJIOTO OMTHO BlIHMjae Ha AMHAMHKaTa Ha BO3HJIOTO
MpU cyjap, MOCTOM MOXKHOCT 3a aHaJM3a Ha BJIMjaHUETO HA PacriopefoT Ha MacuTe BO

BO3HJIOTO BP3 OJHCCYBAKRCTO HA BO3HIIOTO IIPH Cyadap.




ABSTRACT

Traffic accidents represent a negative phenomenon resulting from the disfunctional
complex relation between human, technical and natural factors within a transport system.
Iraffic safety dates as far back as the very beginning of car industry. Over 50% of all traffic
asccidents are due to vehicle-to-vehicle collision, whereas the rest are due to vehicle-to-
pedestrian collision, or vehicle impact to solid barrier, roll-off etc. Among vehicle collisions
the most frequently happening are head-on offset collisions and solid barrier impacts, then
come the side collisions, right-on collisions, whereas the least frequent are the rear-end
collisions.

In an accident where a car runs into a solid barrier, beside the kinetic parameters of the
vehicle, 1t 1s of great interest to the expertise to consider the driver’s body behavior. In cases
of frontal impact to solid barrier, depending on the impact pulse of the vehicle, the injuries are
‘ocated in the thorax area of the driver. Hence, the acceleration and the thorax displacement of
the driver can be used to measure the severity of the injury suffered by the driver. In such
cases it is usual to wonder whether ‘the driver, at the moment of collision wore a safety belt’.
The answer to this question is to be provided by the expert witness.

Vehicle impact to solid barriers represents a rather complex issue, which is very
difficult, better say, almost practically non-feasible to express in mathematical and physical
terms. In order to obtain data related to certain accident parameters (the acceleration that
affects the driver, the displacement of the driver’s body, the acceleration and the overall
“behavior’ of the vehicle during the impact), crash tests are being carried out these days. The
crash tests are actually a rather complex, complicated and expensive experiments due to the
need for respective objects: measurement devices, data collection process, qualified staff and
vehicles. Therefore 1t 1s almost always justifiable to create mathematical and simulation
models of car crash in order to analyze the crash rather than doing a real experiment.

The research 1n this doctoral thesis takes into account the passive safety of the vehicle-
dnver system. It 1s focused only on kinetic parameters of the thorax — the acceleration and the
displacement of driver’s thorax in a frontal crash. These two parameters are considered of
mterest during the technical and the forensic analysis of the crash. It is about a scientifically
founded research — developing a simulation model of a frontal crash of a vehicle running into
2 solid barrier, to serve as a basis for estimating the vehicle and driver’s input kinetic

parameters in the course of a technical and forensic crash analysis.




The ISSUE of this thesis is to research the vehicles as dynamic systems and to analyze
their “behavior® in a situation of crash. The MAIN OBJECTIVE of the thesis is to design and
develop mathematical and simulation models of a frontal car crash into a solid barrier. The
presented model 1s appropriate for determination of main parameters that describe the crash —
the acceleration and the displacement of the driver’s thorax as well as the vehicle
deceleration, not performing any kind of a real test.

The analysis of vehicle and driver models in cases of frontal crash leads to the
conclusion that this area is pretty interesting and very up-to-date. Nowadays, there are a rather
large number of models simulating the crash. But, depending on the purpose, on the approach
to design, on the manner of modeling etc., all models are quite diverse. Data related to
acceleration and driver’s thorax displacement can facilitate the study of the severity rate of
driver’s injury appearing in the course of car crash into a solid barrier. Starting with these
parameters, the expert witness of the accident is given the opportunity to determine the way
the injury happened.

The model developed by W. Pawlus et al. provides an upgrade with yet another model
that will make possible the estimation of kinetic parameters of the driver (the driver’s

| ‘behavior’ characterized by acceleration and thorax displacement) and those of the vehicle

(the acceleration). Hence, a simulation model has been developed within the Matlab/Simulink
program package using a linear mathematical model with masses, absorbers and dampers,
whose values characterize the vehicle dynamics and the driver. In order to reach the goal, a
structure model of the vehicle and a numerical model of the driver’s thorax during the crash
have been developed. This is about the so-called Kelvin model, according to which, the
absorber and the damper are connected in parallel. This model can be used to simulate a
vehicle-to-vehicle frontal collision, a crash into a solid barrier, as well as for modeling the
impact of the components. The parameters of the model are identified on the basis of the
results obtained in the course of the researches performed by W. Pawlus et al.

After the successful identification of structure parameters within the model that pertain
to the driver, an analysis of the output data of the model — the acceleration and the
displacement of driver’s thorax and the acceleration of the car, through speed variance with
which the car hits the solid barrier, is carried out. The simulations are relative to impact
speeds of the range between 14,0 m/s and 23,0 m/s, as the most often present in real accidents.
Based upon the obtained responses to acceleration and displacement, a Combined Thorax
Index (CTI) 1s calculated. It means that the critical impact speeds of running into a solid

barrier, with injuries located in the thorax area of the driver, have been determined.




The directions for further research should be the following:

Vehicle-to-vehicle frontal angle collisions in practice, are the most frequent ones and
the research and model design for this type of accidents i1s emphasized as an area of
particular interest

The model described in this research can be easily adapted to simulations of rear-end
collisions. For this purpose, it is necessary to conduct a real experiment of such a
crash, which will provide identification of structural parameters pertaining to the
vehicle and to the driver

The model can be easily upgraded by involving further Kelvin and Maxwell elements.
As the vehicle impact to solid barrier is composed of a series of continuous partial
impacts, they cannot be completely covered by a single Kelvin element. Therefore, it
is advisable to think about extending the Kelvin model by introducing more Maxwell
elements. Thus, more precise output results regarding kinetic parameters relative to the
car can be obtained

Allows for a possibility to consider of designing a model to cover the rest of the
driver’s body, such as the head, the neck, the arms etc.

As the parameters Iin the suggested model are identified on the basis of a real
experiment 1nvolving a single car type with a given mass and characteristics,
additional research for analyzing other car types with different masses and
characteristics needs to be done

As mass distribution of a car significantly influences the vehicle impact dynamics,
there 1s an opportunity for analyzing the impact of mass distribution upon the vehicle

*behavior’ during the actual collision.




	Scan_20231024
	Scan_20231024 (2)
	Scan_20231024 (3)
	Scan_20231024 (4)
	Scan_20231024 (5)
	Scan_20231024 (6)
	Scan_20231024 (7)
	Scan_20231024 (8)

